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TRANSLATOR’S PREFACE 


For the purposes of this English translation of his “ Trattata di Chimica 
Organica,” the author has made a number of alterations in and additions to 
the text of the second Italian edition, these consisting principally in ampli- 
fications of the statistical data referring to Great Britain and the United 
States. 

It has been deemed undesirable to convert the metric weights and measures 
into those of the English system, but, in general, prices are given in British 
currency, twenty-five lire being taken as the equivalent of one pound sterling. 
Where quantities are given in tons, the latter are to be read as metric tons of 
1000 kilograms or 2204-6 lb. avoirdupois. 

The abbreviations employed for the different units of weights and measures 
are those in common use, and temperatures are expressed in degrees Centigrade 
in all cases. 

THOMAS H. POPE 


Birmingham 



PREFACE TO THE SECOND ITALIAN 

EDITION 

The first edition of this treatise on Organic Chemistry was published in 
two volumes in 1908 and 1909, and rapidly exhausted, the second edition 
being now published in one volume. The distribution of the matter is similar 
to that of the first edition, but many chapters have been brought up to date, 
others have been considerably amplified and others again have been introduced 
for the first time. The largest additions have been made in the chapters 
dealing with the treatment of tar, with colouring-matters, with alkaloids, &c. 

The statistics of production, exportation, and importation have been 
brought up to the year 1910 and, where possible, to 1911. ^Special attention 
has been devoted to this characteristic feature of the book, as experience has 
shown the author that among the most important factors in deciding the 
possibility or convenience of starting new or of extending existing industries 
are those governed by the laws of economics and statistics. 

The author will be grateful to any readers or colleagues who may point out 
omissions or errors, which are unavoidable in a work of this character with 
such varied contents in so condensed a form. 

This second edition is in course of translation into English and German. 

E. MOLINAEI 

Milan 
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PREFACE TO THE FIRST ITALIAN 
EDITION 


A NEW treatise on Organic Chemistry might, in view of the existence of the 
excellent works of Bernthsen and Holleman, he considered superfluous. 

But both of these books, which differ little in the manner in which the 
subject is developed, are confined to a theoretical and systematic exposition 
of the many organic compounds, the industrial side of the question and the 
applications of these compounds being almost entirely neglected. It is hence 
difficult for the student to ascertain which of the thousands of substances 
described are really of practical importance. 

Modern teaching of chemistry adheres in a too one-sided manner to the 
old but fruitful idea of Liebig, that '' to obtain a sound practical man it is 
necessary to train a good theorist.” This conception was taken too literally, 
although it gave good results when chemical industry was in its infancy, 
since in those days any theorist could easily introduce new and important 
methods. But to-day, when the industry has attained the adult stage — ^has 
advanced to such an extent and become so varied and complex, being stimulated 
incessantly by keen national and international competition, which demands 
rapid changes and improvements — ^the valuable time of the young technician 
cannot be wasted in a protracted and sometimes sterile apprenticeship. Present- 
day conditions require, therefore, some such expansion of Liebig’s maxim as the 
following , In order to produce, rapidly and with increased certainty, a sound, 
practical man, it is necessary to train a good theorist and to initiate him into 
both the theoretical and practical study of the more salient industrial problems. 

It does not suffice that the young chemist, about to begin his industrial 
or teaching career, should have a thorough knowledge, for instance, of the 
various syntheses and constitutional formulae of the sugars. He should also 
be acquainted with at least the general outlines of the industrial processes and 
of the technique of the manufacture of sugar, beginning with the slicing of the 
beets and proceeding to the exhaustion of the pulp, defecation, saturation, 
filtration with filter-presses, boiling, and vacuum concentration in multiple- 
effect apparatus, refining and centrifugation of sugar crystals, utilisation of 
residues, and so on. He should, indeed, understand the plant and chemical 
processes of the more important industries, as these often find application 
in the manufacture of products of a secondary or entirely new character. 

What would avail a study of the wonderful artificial colouring-matters 
derived from coal-tar, with the inexhaustible syntheses composing their theo- 
retical basis, if it were limited to a simple mnemonic exercise for the student 
and no notice were taken of the interesting practical applications to the dyeing 
of the various textile fibres ? 

Nor should the young student ignore statistics of production ; he should 
be able to appreciate the importance of variations in the exportation and 
importation of the principal chemical products, and to judge of the economic 
and social conditions with which such variations correspond. 

After a brief novitiate, he should be in a position to point out the more 
striking technical defects and the more marked difficulties met with in par- 
ticular industrial processes and to suggest rational and not fanciful remedies 



It is this space, the vacant region representing a suitable fusion of theoretical 
with applied chemistry, which requires filling. This I have attempted in the 
present work, which of itself is certainly insufficient to cover the whole of the 
ground. 

The difficulties encountered in preparing the volume on Inorganic 
Chemistry are multiplied in dealing with Organic Chemistry, and this is the 
case not only as regards the collection and confirmation of the statistical 
data but of the chemical processes giving the best results in practice. For in 
any particular industry it has often been found that the results of investigations 
are in such disaccord with the practical data as to render it a matter of great 
uncertainty what conclusions should be presented to the reader. 

Inquiries addressed to manufacturers resulted in aggravation of this 
uncertainty, what was confirmed on the one hand being denied on the other, 
and plant guaranteed by one firm to be the best being decried by a competing 
firm. It hence became necessary to apply directly to the operatives working 
a given process and to draw conclusions from the whole of the data ami 
information thus obtained. 

It is thus that readers may explain the contradictions between different 
authorities on one and the same subject, and also the fact that the conclusions 
reached by the author with reference to certain industrial processes are not 
always in accord with those given in other treatises. 

The intention has certainly not been to prepare a complete treatise on 
technological chemistry and still less on chemical technology. The work 
having to be restricted within limits of space approximating to those of vol. i, 
the author has descended to details only with some of the principal industries 
and especially with those best adapted to give a general idea of the different 
applications* of chemical processes and of chemical technics. 

To this end the author has dwelt preferably on the industries of illuminating 
gas, sugar, alcohol, beer, acetic acid, dyeing, textile fibres, fats and soaps, 
explosives, &c. 

From these examples the student may gather much instruction applicable 
to many other industries not dealt with in detail. 

Repetition has been avoided and time and space saved by frequent references 
to arguments already developed in vol. i, Inorganic Chemistry.’’ 

Advice and collaboration are desired from readers and colleagues in order 
that gaps in the present work may be filled and inaccuracies and defects 
remedied. 


Milan 


E. MOLTNART 



CONTENTS 


PART I. GENERAL 

PAGE 

PURIFICATION OF ORGANIC COMPOUNDS 2 

Crystallisation, 2 ; sublimation, boiling-point, fractional distillation, 2 ; 


rectification, 3 ; melting-point, 5 ; specific gravity, 6. 

ANALYSIS OF ORGANIC COMPOUNDS 6 

Qualitative composition, 6 ; quantitative estimation : of carbon and 
hydrogen, 7 ,* of nitrogen, 10 ; of halogens, 11 ; of sulphur and phos- 
phorus, 12. 

CALCULATION OF EMPIRICAL FORMULAE 12 

DETERMINATION OF MOLECULAR WEIGHT BY CHEMICAL MEANS 13 

POLYMERISM 14 

VALENCY OF CARBON, CONSTITUTIONAL FORMULA, ISOMERISM 14 

Theory of radicals and types, 14; structural formulae, 16; rational 
formulae, 17. 

METAMERISM, PSEUDOISOMERISM, TAUTOMERISM, DESMOTROPY 17 

STEREOISOMERISM OR SPACE ISOMERISM 18 

Stereoisomerism in derivatives with doubly linked carbon falloisomerism), 

21 ; stereoisomerism , of nitrogen, 22 ; separation and transformation of 
stereoisomerides, 22. 

HOMOLOGY AND ISOLOGY 23 

PHYSICAL PROPERTIES OF ORGANIC COMPOUNDS IN RELATION TO 

THE CHEMICAL COMPOSITION AND 4::ONSTITUTION 23 


Crystalline form, 24 ; solubility, 24 ; specific gravity, 24 ; molecular 
volume, 24 ; melting-point, 24 ; boihng-point, 24 ; heat of combustion and 
of formation, 25 ; heat of neutralisation, 25. Optical Properties : colour, 26 ; 
refraction, 26 ; influence on polarised light, 26 ; magnetic rotatory power, 27. 
Electrical conductivity, 27. 

CLASSIFICATION OF ORGANIC COMPOUNDS 28 

OFFICIAL NOMENCLATURE 28 


PART II. DERIVATIVES OF METHANE 

AA. HYDROCARBONS 

(a) SATURATED HYDROCARBONS 30 

Natural formation and general methods of preparation, 30 ; table of satu- 
rated hydrocarbons, 31 ; Methane, 32 ; properties, preparation, fire-damp, 
detonating mixtures, industrial preparation, 33-34 ; Ethane, 34 ; Propane, 

35 ; Butanes, 35 ; Pentanes, 35 ; Hexanes, 35 ; Higher Hydrocarbons, 36. 

ix 



X 


CONTENTS 


I* A < ! 1 


Illuminating Gas Industry: history, 36; components, 38; pro- 
perties, 38 ; retorts, 38 ; furnaces, 41 ; hydraulic main, 43 ; washing, 41 ; 
purification, 46 ; exhausters, 48 ; pressure regulators, 48 ; gasometei’s, 48 ; 
pressure regulators, 49 ; gas-meters, 50 ; yield, 51 ; statistics, 52 ; ]diysi(;al 
and chemical testing of illuminating gas, 53 ; comparison of dilTenait 
sources of light, 57 ; Oil Gas, 57. 

Petroleum Industry : localities of production, 58 ; hypotheses on i h(‘ 
origin of petroleum, 59 ; composition and properties of crude petroleum, 62 ; 
ind'ustrial ea:fracHon and working of petroleum^ 64 ; distillation, 66 ; clunnical 
purification, 68 ; storage tanks, 69 ; statistics, 70. Treatment of crude 
benzine, 73. 

Treatment of Petroleum Residues : A. Mineml Inbricafing oik% 74 ; 
requirements and analysis of lubricating oils, 77. B. Va<^ehn(\ gelatmis(‘d 
vaseline oil, 80. C. Paraffin wax, 80; different sources: (1 ) ])yt‘(>pisHii(‘, 

81 ; tar, 81 ; photogen, 82 ; tar, asphalt, pitch, and l)itiiTn(‘n, 83 ; 

(2) bituminous shale, 83 ; (3) ozokerite and cerasin, 85. 

(5) UNSATURATED HYDROCARBONS 87 

T. Ethylene Series {alhylenes or olefines), ; official nomen- 

clature, 87 ; constitution, methods of preparation, 88. Ethylene, propylene, 
butylenes, amylenes, carotene, and melene, 89--90. 

II. Hydrocarbons of the Series C,iIT 2 w — 2 • A. With two donble Unkings 
(diolefines or allenes) : allene, erythrene, isoprene, piperylene, cliallyl, conyhme, 

90 B- With a triple linking (acetylene series) : metallic acetylidi's, a,(‘(4y- 
lene, 90-94. 

III. Hydrocarbons of the Series C,iH 2 n -4 

BB. HALOGEN DERIVATIVES OF HYDROCARBONS 

Table of the halogen derivatives 95 

I. Halogen Derivatives of Saturated Hydrocarbons : propcrta‘(\s, 94 ; 
preparation, 95-96. Methyl chloride, 96. Methyl iodide, 97. Ethyl 
chloride, 97. Isopropyl iodide and butyl iodides, 97. Methylene, ethylene, 
and ethylidene halogen derivatives, 98. Chloroform, 98-100. Iodoform, 100. 
Polychloro-derivatives, 101. 

II. Halogen Derivatives of Unsaturated Hydrocarbons, 102; ally I 
chloride, 102. 


CC. ALCOHOLS 

I. SATURATED MONOHYDRIC ALCOHOLS 103 

Nomenclature, 102. Methods of formation of monohydric alcohols, HH. 

Table of monohydric saturated alcohols, 105. Methyl Alcohol, 106-108. 

Ethyl Alcohol, 108. Solid alcohol, 109. Bacteriology, 110, Enzymes, 111. 
Oxydases, peroxydases, 112. Biogen hypothesis, toxins, liquid crystals, 
origin of life, 114. Industrial preparation of alcohol : prime materials, 116. 
Alcoholic fermentation, 121. Yeasts and ferments, 122. Factors facilitating 
or retarding fermentation, 126. Losses and yields, ,128. Table for the 
calculation of the attenuation of fermented saccharine worts^ 130. Dis- 
tillation of fermented liquids, 132. Rectification of alcohol, 138. Other 
raw materials for alcohol manufacture, 140. Alcohol from fruit, 141. 

Alcohol from woody matter, 142. Alcohol from wine, lees, withered grapes, 

143. Refining and depuration of spirit, 144. Fusel oil, 144. Alcohol 
meters, 146. Alcoholometry and tests for alcohol, 146. Wmdisch’s table, 

148. Alcoholism and alcohol-free wines, 150. Statistics, 149. Denatured 
alcohol for industrial purposes, 152. Distillery residues, 153. 



CONTENTS 


Alcoholic Beverages : Wine, 155. Marsala, 159. Vennoiitli, 159. Cider, 

159. Liqueurs, 159. Fermented milh (kephir, koumiss), 160. 

Beer, 161 : barley, hops, water, germination, kilning of malt, mashing, 

Balling’s table, 161-168; infusion and decoction masliing, 168; boiling of 
the wort with hops, 170 ; fermentation, 171 ; attenuation, 174. The 
Nathan-Bolze rapid process, 175 ; racking, pitching of casks, 176 ; pasteurisa- 
tion, 177; alcohol-free beer, 178; composition of beer, 178; analysis of 
beer, 178 ; statistics, 179. 

Higher Alcohols, 180 ; propyl, butyl, amyl, &c., 180. 

II. UNSATURATED MONOHYDRIC ALCOHOLS : vinyl, allyl, propargyl, 

&c., 182. 

III. POLYHYDRIC ALCOHOLS. (A) Dihydric alcohols or glycols, 182. (B) Tri- 

hydric alcohols : glycerol, 1 83. (C) Tetra- and poly-hydric alcohols : acetyl 

nuinb(T, 188. Erythntol, arabitol, mannitol, dulcitol, sorbitol, 189-190. 

DD. DERIVATIVES OF ALCOHOLS 

(A) DERIVATIVES OF MONOHYDRIC ALCOHOLS 190 

I. Ethers, 190 ; methyl ether, 192 ; ethyl ether : properties, industrial 
preparation, 192. 

II. Thioalcohols and Thioethers, 195. 

in. Alkyl Derivatives of Inorganic Acids, 196: (1) of sulphuric acid, 

197 ; (2) of sulphurous acid, 197 ; (3) of nitric acid, 197 ; (4) of nitrous acid, 

197 ; (5) nitro-dcrivatives of hydrocarbons, 197 ; (6) various acids, 198 ; 

(7) Derivatives of hydrocAjanic acid : (A) Nitriles ; (B) Isonitriles, 198-199. 

TV. Alkyl Nitrogenous Basic Compounds (amines), 200 ; methylamine, 
dimcthylamine, ethylamine, 201 ; triethylamine, 202 ; alkylhydrazines, 
azoimides, a- and /Lalkylhydroxylamines, diazo-compounds, 202. 

V. Phosphines, Arsines, and Alkyl-metallic Compounds. Grignard 
reaction, 202-203. 

VI. ALDEHYDES AND KETONES 204 

(a) Aldehydes : Functions, constitution, chemical properties, 204. 

Aldoximes, hydrazones, semicarbazones, hydroxamic acid, 206. Form- 
aldehyde : preparation, properties and analysis, 206. Acetaldehyde, 
acetal, 208. Higher aldehydes, 209. Chloral and its hydrate, 209. 
Aldehydes with unsaturated radicals : acrolein, crotonaldehyde, citral, 

&C-, 209. 

(h) Ketones : Properties, preparation, 210. Acetals, sulphonal, 
thioketones, ketoximes, phenylhydrazones, isonitrosoketones, 210. 
Acetone, 211 ; mesityl oxide, phorone, butanone, 212. Ketenes, 212. 

(B) DERIVATIVES OF POLYHYDRIC ALCOHOLS 213 

Glycolsulphuric acid, Ethyleneoyanohydrin, Ethylene oxide, 213 ; Taurine, 

Glycide alcohol, Glycerophosphoric acid, 214. Nitric ethers of glycerol, 215. 

Explosives : Theory of explosives, 215. Chemical reactions of explosives : 
heat of explosion, 216 ; temperature of ignition, 217 ; mechanical work of 
explosives, 217 ; pressure of the gases, 218 ; charging density, 218 ; crushers, 

219 ; speciiio pressure, 219. Velocity of explosion, 219 ; shattering and 
progressive explosives, 219 ; velocity of combustion, 219 ; initial shock 
and course of explosion, 220 ; determination of explosion, 220 ; explosive 
wave, 221 ; explosion by influence, 221. Classification of explosives, 222. 
Nitroglycerines, 222. Trinitroglycerine, 223. Manufacture of nitroglycerine, 

225. Dynamites, 229 : with inaotive basea, 230 ; with active bases, 230. 



CONTENTS 




xii 


Nitrocellulose, 232. Guncotton: preparation, manipulation, compression, 
233-239. Collodion cotton for gelatines, 239. Smokeless powders, 240. 
Powders with pier ate bases, 245. Explosives of the Sprcngol type, 245. 
Safety explosives, 246. Black powder, 248. Various powders, 254. Deto- 
nators, 255. Mercury fulminate, 255. Caps, cartridges, fuses, 255. Desiruc- 
tion of explosives, 256. Storage and preservation of explosives, 258. Analysis 
of explosives, 259. Ballistic tests of explosives, 261. Uses, 263. Statistics, 
263. 


EE. ACIDS 

I. MONOBASIC SATURATED FATTY ACIDS, C^Ho^Oa ^d4 

Table, 265. General methods of preparation, 264. Coefficients of affinity, 

266. Separation, 267 ; constitution, 268. Formic Acid, 268. Acetic Acid, 

270 ; Oudemann’s table of specific gravity, 271 ; tests and manufacture, 272 ; 
distillation of wood, 272 ; utilisation of wood-waste, 274 ; pyroligneous acid, 

276 ; calcium acetate, 277. Uses, statistics, and xuice of acetic acid, 279. 
Manufacture of vinegar, 280. Analysis of vinegar, 284. Salts of Acetic Acid : 
potassium, sodium, ammonium, calcium, ferrous and ferric acetates, 285 ; 
neutral and basic aluminium acetates, silver acetate, neutral and basic lead 
acetates, chromic, stannous, and copper acetates, 286-287. Propionic Acid, 

288. Butyric Acids : (1) Normal butyric acid, 288 ; (2) isobiityric acid, 288. 

Valeric Acids : (1) Normal valeric acid ; (2) isovaleiic acid ; (3) elhyl’meihyl- 
acetic acid ; (4) trimethylacetic acid, 288. Higher Acids : Caproic, heplylic, 
caprylic, nonoic, undecoic, lauric, myristic, 289. Palmitic Acid, 280. Margaric 
acid, 290. Stearic acid, 290. Cerotic acid, 290. 

II. MONOBASIC UNSATURATED FATTY ACIDS 201 

A. OLEIC OR ACRYLIC SERIES : Table, 201. General method of 
formation, 291 : general properties, 292. Acrylic Acid, ('JJH 4 O 2 , 204. 
Crotonic Acids, C 4 H 6 O 2 : {a) vinylacetic acid 294 ; (ba) solid croionic acid, 

295 ; (5/3) liquid crotonic acid, 295 ; (c) methylmethyleneacetic acM, 20(). 
Pentenoic Acids, C 5 Hg 02 : (a) angelic acid, 296 ; (5) tiglic acid, 20(1 

Pyroterebic Acid, C 6 H 10 O 2 , 297. y-Allylbutyric Acid, O 7 H 12 O 2 , 297. 
Teracrylic Acid, CgHi^Oa, 297. Citronellic Acid, 0 ^ 18^2 ? rhodinio 
acid, 298. Undecenoic Acid, CiiH 2 o 02 s 298. Hypogaeic Acid, Oi(jH' 3 o^ 2 » 

298. Oleic Acid, 013113402 , 298 ; Elaidic Acid, 298 ; Iso-oleic Acid, 

299 ; A“^-oleic acid, 299. Erucic Acid, O 22 H 42 O 2 , 300 ; Brassidic Acid, 

300 ; Iso erucic Acid, 300. 

B. UNSATURATED ACIDS OF THE SERIES C^Han-^Og 300 

(a) Acids with a Triple Linking (propiolic series) : Table, 300. Pre- 
paration, 300 ; properties, 301. Propiolic Acid, O 3 H 2 O 2 . TetroHc 

Acid, C 4 H 4 O 2 . Dehydroundecenoic Acid, 0 nHi 802 , 301. Undecolic 
Acid, 302. Stearolic Acid, O 18 H 32 O 2 . Tariric Acid. Behenolic 
Acid, 022 B[ 4 o 02 > 302, 

(5) Acids with two Double Linkings {diolefine series), 302. /3-Vinyl- 
acrylic Acid, C 5 Ke 02 . Sorbinic Acid, €< 511802 . Diallylacetic Acid, 

C 8 H 12 O 2 . Geranic Acid, Ci8ll3202- Linolic Acid ; Drying oils, 303. 
a-Elseostearic Acid, 304. 

a ACIDS WITH THREE DOUBLE LINKINGS, Citrylidene- 

acetic Acid, Ci 2 iri 802 . Linolenic and Isolinolenic Acids, 

Jecorinic Acid, C 28 H 30 O 2 , 304. 

III. POLYBASIC FATTY ACIDS 

A. SATURATED DIBASIC ACIDS, CnHWCOaH)^, 304; Table, 305; 
preparation, properties, 306. Oxalic acid, CgHaO^, 306. Salts of oxalic acid, 

307. Malonic Acid, C 3 H 4 O 4 , 308. Table of rmlonic acid derivatives, 308. 



CONTENTS 

Ethyl Malonate, its us© in syntheses, 308. Succinic Acid, 0411^04, 310. 
Homologous derivatives, 310, Isosuccinic Acid, 311. Pyrotartaric acids, 
^4 ^9^4* pyrotartaric acid, 311. Higher Homologues, 311. 

p)-Meihyladipic and azelaic acids, 311. 

B. UNSATURATED DIBASIC ACIDS, CnH2n^402 
OLEFINEDICARBOXYLIC ACIDS: Table, 312. Fumaric Acid, 313. 
Maleic Acid, C4H4O4. Itaconic Acid, 05He04. Mesaconic Acid, O5HQO4. 
Citraconic Acid, C5H6O4. Glutaconic Acid, CsHgO^. Pyrocinchonic 
Acid and Anhydride, 06Hg04. Korner and Menozzi reaction of amino- 
acids. Hydromuconic Acid, C6Hg04. Diolefinedicarboxylic Acids. 
Acetylenedicarboxylic Acids, 313-315. 

C. TRIBASIC ACIDS, &c. 

Tricarballylic Acid, C3H5(COOH)3. Camphoronic Acid, 

Aconitic Acid, CgHgOg, 315. 

D. TETRABASIC ACIDS 

FF. DERIVATIVES OF ACIDS 

L HALOGEN DERIVATIVES 

(«) Halogenated Acids, 310. Cyano-acids. Monochloracetic Acid, 317. 
of the halogenated acids, 318. 

(h) Acid Halides : ohloranhydrides ; acetyl chloride ; acetyl iodide, &c., 
317-319. 

il. ANHYDRIDES 

Properties, ])roparation, Table, 319-320. Acetic Anhydride, 320. 

Ill, HYDROXY-ACIDS 

A. SATURATED DIVALENT MONOBASIC ACIDS 

Preparation, properties, constitution ; lactides ; lactones, 321. 

Glycollic Acid, 0 H *0112 ' 000 H, and its derivatives (anhydride, glyoollido, 
&c.), 322. Glycocoll, 32^ 

Lactic Acids, 02H4(OH)(COOH) : (1) i-Ethylidenelactic acid (of fermen- 
tation), 323 ; Alanine, 325. (2) d-Ethylidenolactic (or sarcolactic) acid. 

(3) 1-Ethylidenclaetic acid, (i) Ethylcnolactic acid, 325. 

Hydroxybutyric Acids, Q^f[^(01i){000n) : a-Hydroxybutyric acid 
ri -Hydroxyisobutyric acid. /3 -Hydroxybutyric acid, 326. 

Higher Hydroxy-Acids. Hydroxyvaleric, hydroxycaproio, hydroxy- 
myristic, hydroxypalmitic, hydroxystoaric, 326. 

B. UNSATURATED MONOBASIC HYDROXY-ACIDS 

f*-, /3-, 7", and ^-Hydroxyolefinecarboxylic acids : Kicinoleic acid ; ricino- 
leinsulphonio acid and TurMy-red oil (sulphoricinate), 326-328. 

0. POLYVALENT MONOBASIC HYDROXY-ACIDS 
Glyceric Acid, 02H3(OH)2(OOOH). Dihjdroxy stearic acid, Oi7H33(OH)2* 
COOPI, Erythric Acid, C3H4(OH)3'COOH. Peniomc acids. Arabonic Acid. 
Hexonic Acids, 328. Heptonic Acids, 329. 

D. MONOBASIC ALDEHYDIC ACIDS (Aldehydic Alcohols and 
Dialdehydes) 

GlyoxylicAdd COaH-OHO. Glycuronic, Formylacetic, and /3-Hydroxy- 
acrylic Acids, 329. 


xiii 

PAGE 

312 

315 

310 

31C 

319 

320 


320 

328 

329 



xiv CONTENTS 

Glycollic Aldehyde, OH-CH 2 -CHO. Glyceraldehyde. AldoL Glyoxal, 

E. MONOBASIC KETONIC ACIDS (Keto-alcohols, Diketones, and 
Keto-aldehydes) 

General properties. Methods of preparation, a-, and y-Ketonic aeids. 
Syntheses ivitJi ethyl acetate, 330-331. Pyruvic Acid, 331 . Acetoacetic Acid. 
Ethyl Acetoacetate, 332. Levulinic Acid, 333. 

KETONIC ALCOHOLS : Acetonealcohol. Dihydroxyacetone. 

Butanolone, 333. 

DIKETONES : Diacetyl. Acetylacetone, 333-334. 

KETO-ALDEHYDES : Pyruvic Aldehyde and Acetoacetaldehyde. 
Hydroxymethyleneacetone, 334. 

F. POLYVALENT DIBASIC HYDROXY-ACIDS AND THEIR 
DERIVATIVES 

Tartronic Acid, 334, Malic Acid and higher homologues, 335. 

TARTARIC ACIDS : (1) d-Tartaric Acid, 335. (2) 1-Tartaric Acid. 

(3) Racemic Acid. (4) Mesotartaric Acid, 336. 

TARTAR INDUSTRY : Manufacture of Tartar, 337. Analysis of 
tartar, 337. Statistics, 340. Manufacture of tartaric acid, 341 ; uses and 
^ statistics, 343. Artificial tartaric acid, 343. Trihydroxyglutaric Acid, 
343. Saccharic and Mucic Acids, 344. 

DIBASIC KETONIC ACIDS, 344. Mesoxalic Acid. Oxalacetic Acid. 
Acetonedicarboxylic Acid, Dihydroxy tartaric Acid, 344. 

G. POLYVALENT TRIBASIC HYDROXY-ACIDS 

Tricarballylic Acid. Aconitic acid. Citric Acid and its Industry, 
345. Tests for citric acid, 346. Salts of citric acid, 346. Citrates, 34(5-347. 
Citrus industry, 347. Statistics, 349. Higher polybasic hydroxy-acids, 351. 

IV. THIO-ACIDS AND THIO-ANHYDRIDES 

Thioacetic Acid. Ethanthiolic Acid. Acetyl Sulphide. Ethyl Thioacetate. 


V. AMIDO-ACIDS, AMINO-ACIDS, IMIDES, AMIDINES, THIOAMIDES, 
IMINO-ETHERS AND ANALOGOUS COMPOUNDS 

A. Amido-Acids and their Derivatives : Primary, secondary, and tertiary 
amides ; alkylated amides. Preparation and properties of amides, 351-352. 

Formamide ; Acetamide, diacetamide ; Oxamic Acid ; Oxamide ; 
Succinamic Acid ; Succinamide ; Glycollamide, diglycollimido ; Malamic 
Acid, malamide, 352-353. 

B. IMIDES AND IMINO - ETHERS : diacetamide, iminohydrin of 
glycollic acid ; Oximide, Succinimide, pyrrole, pyrrolidine, sucoinanil ; 
Glutarimide, 353-354. 

C. AMINO-ACIDS AND THEIR DERIVATIVES: Glycocoll, sarco- 

sine, betaine, aceturic acid ; Serine ; Leucine ; Aspartic Acid, glutamic 
acid ; Ethyl Diazoacetate ; Lysine, ornithine, putrcscine, taurine, cysteine, 
cystine ; Asparagine, Aspartamide, homoaspartic acid and horaoasparaginc, 
354-356. ^ ® 

D. AMipO- AND IMIDO-CHLORIDES : acetamido-chlorido, aoetimino- 
chloride, 356. 

E. THIOAMIDES : thloacetamide, 357 , 


330 


334 


345 


351 


351 



CONTENTS 


XV 

PAGE 


F. IMINOTHIOETHERS : acetimiuothiometliyl hydnodide, i357. 

G. AMIDINES : acetamidine, 357. 

H. HYDRAZIDES AND AZIDES : diacethydrazide, 358. 

I. HYDROXYLAMINE DERIVATIVES OF ACIDS: hydroxainic acids, 
amidoxiiiies, isuret, 358. 

VI. CYANOGEN COMPOUNDS 358 

Cyanogen : paracyanogen ; rubeanhydrio acid and flaveanhydric acid. 
Cyanogen CMoride, 358-359. Cyanic Acid : potassium and ammonium 
cyaiiates, 359. Ethyl Isocyanate, 359. Cyanuric Acid : Ethyl cyanurate 
and isooyanurate, 359. Fulminic Acid, 360. 

THIOCYANIC ACID AND ITS DERIVATIVES, 360. Potassium, 
Ammonium, Mercuric, Silver, and Ferric Thiocyanates, 361. Ethyl 
Thiocyanate. Allyl Thiocyanate, 361. 

MUSTARD OILS : methyl, ethyl, propyl, Allyl, 361. 

CYANAMIDE AND ITS DERIVATIVES, 362. Calcium cyanamide, 362. 
Diethylcyanamide. Dicyanodiamide. Melams ; Melamine, Ammeline, 
Ammelide, 302. 

VII. DERIVATIVES OF CARBONIC ACID 362 

Esters of carbonic acid. Ethyl carbonate, ethylcarbonic acid, 363. 
Chlorides of Carbonic Acid. Chlorocarbonie acid, ethyl chlorocarbonate 
and chloroformato, 363. Amides of Carbonic Acid. Carbaminio acid, 
urethane, urea, semicar bazide, acetylurea, allophanic acid, ureides, biuret, 
hydantoio acid, hydantoin, 363-364. 

DERIVATIVES OF THIOCARBONIC ACID : thiophosgene, trithio- 
carbonio acid, potassium xanthate, xanthonic acid, dithiocarbamidic acid, 
diothylthiouroa. Thiourea, 364-365. 

GUANIDINE AND ITS DERIVATIVES : nitroguanidine, aminoguani- 
dino, diazogxxanidine, hydrazo- and azo-dicarbonamide, glycocyamine, sar- 
cosino, creatine, creatinine, 365-366. 

URIC ACID AND ITS DERIVATIVES : ureides, uro-acids, diureides ; 
parabanic acid, barbituric acid, dialurio acid, alloxan, oxaluric acid, alloxanic 
acid, cholostrophane, methyluracil, alloxanthine, murexide, allantoin, purine, 
dimothylpsoudouric acid, theophylline, caffeine, theobromine, hypoxanthine, 
xanthine, adenine, guanine, uric acid, adenine, 366-369. 

VIII. ESTERS (Oils, Fats, Waxes, Candles, Soaps) ’ 369 

Preparation : theory of the formation of esters ; fruit essences : ethyl 
formate, ethyl acetate, amyl acetate, ethyl butyrate, isoamyl isovalerate, cetyl 
and melissyl palmitates, ceryl cerotate, 369-372. 

Glycerides, Fatty Oils, Waxes, Candles, Soaps, 372. 

Tripalmitin, tristearin, triolein, lecithin ; serum-lipase, drying oils, varnishes ; 
rancidity of oils, blown oils, 372-37 6. 

Waxes : beeswax, virgin wax, white wax, carnauba wax, Japanese 
wax, 376-377. 

Saponification of Fats and Waxes, 377. Table of physical and chemical 
constants, 378. 

ANIMAL OILS AND FATS, 379: tallow, 380; oleomargarine, 382; 
margarine, 383 ; butter, 385 ; milh, 385 ; hone fat, 388 ; lard, 388 ; fish oils, 
sperm oil, cod4iver oil, spermaceti, 389 ; digras : wool-fa% 389. 

VEGEI;ABLE OILS, 390 : Table, 391 ; extraction by pressure, hydraulic 
pre^s, exitrao^idn by solvents, refining, emulsor-cenfarifuges and oentrifuga-l 
separators, 391-395 ; oUm oil, 395; orator oil, 398 ; linseed oil, 398; oil 



XVI 


CONTENTS 


rA(j] 


varnishes and lacs, 400 ; pahn oil, palm-kernel oil, 401 ; coco-mil oil, 402 ; vege- 
table tallow, 403 ; cottonseed oil, 403 ; maize oil, 403 ; sesami oil, 404 ; arachis, 
soja bean, grapeseed and tomatoseed oils, 404-405. 

TREATMENT OF FATS FOR CANDLES AND SOAPS: (1) saponi- 
fication with lime, magnesia, or zinc oxide ; (2) decomposition with sulphuric, 
acid ; oleine of distillation ; transformation of oleic acid into solid fatty acids ; 
(3) saponification with water ; (4) biological process ; (5) catalytic x)rocc.ss 
(Twitchell), 405-411. 

MANUFACTURE OF CANDLES, 412. De Schepper and Gciiel’s 
Table, 413. 

MANUFACTURE OF SOAP, 415. Theory of saponification, 416. Fatty 
acid or oleine soap, 419. Resin soap, 420. Mottled soap, 421. Transparent 
soap, 422. Soft soap, 422. Statistics, 424. Analysis of soap, 425. 


GG. ALDEHYDIC OR KETONIC POLYHYDRIC ALCOHOLS 

CARBOHYDRATES 

A. Monoses 42() 

Aldohexoses, ketohexoses, osazones, hydrazoncs ; general methods of 

formation of monoses, 426-428. Tetroses and Pentoses : pentosans, 
arabinose, xylose, rhamnose, &o., 429-431. Hexoses : glucose, caramel ; 
fructose ; mannose ; galactose, 431-437. Glucosides, 437. 

B. Hexabioses 438 

Maltose, lactose, 438. Sucrose : calcium sucrate, 440. 

0. Trioses. Rafiinose 442 

INDUSTRIAL PREPARATION OF SUCROSE 442 

1. Acer saccharinum nigrum, 443. II. Sugar-cane, 443. III. Sugar heel, 

445 : cultiyation, composition, 446 ; extraction of sugar from beet, 448 ; extraction 
by diffusion, 450 ; extraction by the Steffen process, 456 ; filter-presses, 459 ; 
concentration of the juice, 461 ; boiling of the concentrated juice, 466 ; centri- 
fugation of the massecuite, 468 ; refining, 470 ; revivification of animal charcoal, 

470 ; utilisation of molasses : osmosis, lime, strontia, baryta processes, 473. 

Yield, 476. Statistics, 4/77, Fiscal relations, 477. Density table, 482. 
Quantitative analysis of saccharine materials, 481. Stammer’s table, 482. 
Polarimeters and saccharimeters, 483. Scheibler’s table, 483. Chemical tests, 

486. Non-sugar, apparent and real densities, quotient of purity, 487. Purifi- 
cation of waste-liquors from sugar factories, 489. 

D. Tetroses 489 

E. F. Higher polyoses 480 

Starch, 489, Analysis, 500. Dextrin, 501. Gums, 502 ; glycogen, 503. 
Cellulose, 503. Hydro- and oxy- cellulose, 504-506. Artificial parchment, 

506. Paper industry, 506. Statistics, 617. 


PART III. CYCLIC COMPOUNDS 

AA. ISOCYCLIC COMPOUNDS 620 

I. Cychparoffins and cydo-olefines or polymethylene compounds, 620. 

II. Benzene derivatives or aromatic compounds: the formula of benzene, 

52L Isomerism in benzene derivatives, 523. General character and forma- 
tion of benzene derivatives, 524^525, 



CONTENTS 

A. AROMATIC HYDROCARBONS 

Distillation of tar, 526. Table, 527. Lampblack, 528. Tar oils, 531. 
Preservation of wood, 532. Benzene, 533. Toluene and xylenes, 534. 
Hydrocarbons with unsaturatod side-chains, 535. 

B. HALOGEN SUBSTITUTION DERIVATIVES OF BENZENE 

Table, 537. 

C. SULPHONIC ACIDS 

Benzenesiilphonic acid, 538. 

D. PHENOLS 

(a) Monohydric phenols, Table, 54^0, Carbolic acid, 541, Antiseptics, 

541. Homologues, 543. {h) Dihydric phenols: pyrocatechol, resorcinol, 

hydro quinono, orcinol, cugcnoi, isoeugenol, 543. (c) Trihydric phenols : 

pyrogallol, hydroxy hydroqninone, phloroglucinol, 545. (d) Pohjhydric 

phenols : hoxahydroxybenzcne, quorcitol, inositol, 546. 

E. QUINONES 

F. NITRO-DERIVATIVES OF AROMATIC HYDROCARBONS 

Table, 548. Nitrobenzene, dinitrobenzenes, nitrotoluenes, trinitrotoluenes, 
phenylnitromothanc, pseudo-acids, 549-554, 

G. AMINO-DERIVATIVES OF AROMATIC HYDROCARBONS 

Table of Aromatic Amines, 555; (1) primary monamines ; (2) secondary 
monamines ; (3) tertiary monamines; (4) quartornary bases; (5) diamines, 
triamines, tetramines. Aniline, nitraniline, methylaniline, diphenylamine 
acetanilide, oxalgin, plionylsulphaininic acid, 564-560. Homologues of aniline • 
toluidines, xylidinos, benzylainino, f)hcnylenodiamine, 560-562. 

H. NITROPHENOLS, AMINOPHENOLS, AND THIOPHENOLS 

Nitrophonol, picric acid, aminophenols, thiophenols, 662—564. 

I. AZO- DIAZO- AND DIAZOAMINO-COMPOUNDS AND 
HYDRAZINES 

(1) Azo-derivatives; (2) diazo-derivatives ; (3) diazoamino-derivatives 
(4) hydrazines, 665-570. 

L. AROMATIC ALCOHOLS, ALDEHYDES, AND KETONES 

Benzyl alcohol, benzaldehyde and its homologues, oinnamaldehyde, 
570-572. Aromatic ketones, 672. Aromatic oximes, 672. Beckmann 
rearrangement, 573. 

M. HYDROXY - ALCOHOLS, HYDROXY - ALDEHYDES, AND 
KETONIC ALCOHOLS 

Sahcylaldehyde, anisaldehydei vanillin, 573. Aromatic hydroxy-alde- 
hydes, 574. 

N. AROMATIC ACIDS 

General methods of preparation and properties, 675. ; ” 

(u) MONOBASIC AROMATIC ACIDS, 576. Table, 577. Behzoio 
anhydride, benzoyl chloride, benzandde, Mppurio acid, chlorobenzoic acid. * 
m-nitrobenzoic acid, azobenzoio acids, aminobenzoio acids (anthranilic 
acid), diazobenzoic acids, anl^hrajiil,. sulpbobejizoic acids, saccharin, . 

, tpluie aoid®, phenylaoetio acid, xylip acids, oumitdo acid, cinnanpc acVd^^* 


xvij 

pAcr 

526 

536 

538 

539 

546 

547 

554 

562 

565 

570 

573 

575 



xvm 


CONTENTS 


PACJK 


(b) DIBASIC AND POLYBASIC AROMATIC ACIDS, 580, phthalio 
acid, plithalic anhydride, phthalide, phthalophenone, phenol phthaloin, 
fluorescein, eosin, phthalimide, isophthalio acid, tcrcphthalic acid ; 
folybasic acids : mellitic acid, 580-581. 

(c) HYDROXY- ACIDS OR PHENOLIC ACIDS, 582; saHoyHc 
acid, m- and p-hydroxybenzoic acids, gallic acid, ink, cumaric and 
mandelio acids. Tannin, tanning of skins, commercial data, 582-591. 

O. HYDROGENATED BENZENE COMPOUNDS 591 

Hydrophthalio acids. Terpenes, cymene, carvene, Mimonene, sylvostrene, 
terpinolene, terpinene, dihydrocymene, phellandrene, menthenc, menthano, 
591-596. Complex Terpenes, pinene, oil of turpentine, colophony, camphone, 
fenchene, camphane ; rubber, ebonite, guttapercha, ionone, 596-600 ; camphors, 
terpane, menthol, pulegone, carvone, terpenol, terpineol, terpin, cincol ; 
camphor, artificial camphor, 600-605. 

P. CONDENSED BENZENE NUCLEI 605 

(1) Diphenyl and its derivatives : diphenyl, benzidine, carbazole, di- 
hydroxyphenyl, &c., 605. (2) Diphenylmethane and its derivatives : dihy- 

droxybenzophenone, diphenylethane, tolylphenylmethane, benzoylsulphonic 
acids, fluorene, 606. (3) Triphenylmethane and its derivatives : leuco-bases, 

malachite green, pararosaniline, rosaniline, fuchsine, methyl violet ; rosolic 
acid, phthalophenone, hexaphenylethane, and pentaphenylethane, 607. 

(4) Dibenzyl and its derivatives, 609. (5) Naphthalene and its derivatives : 
naphthalene, hydronaphthalene, perinaphthaleneoarboxylic acid, a-nitro- 
naphthalene, a-naphthylamine, naphthalenesulphonic acids, a- and /5- 
naphthols, dinaphthol, betol ; naphthionic acid, a- and /3-naphthaquinones, 
naphthalic acid, dinaphthyl, acenaphthene, 610-614. Addition products of 
naphthalene, Indene, 614. (6) Anthracene group: anthracene, carbazole, 
anthraquinone, alizarin, 614-618. Fhenanthrene, phenanthraquinono, fluor- 
anthrene, pyrene, chrysene, picene, retene, 618-619. 

Q. HETEROCYCLIC COMPOUNDS (519 

(1) Furfuran : furfural, furfuryl alcohol, pyromuoic acid, 619. (2) TMo^ 

phene, 620 ; thioxene, indophenin. (3) Pyrrole : iodol, pyrocoll, nitrosopyrrolos, 
hydropyrroles ; pyrazole, pyrazolone, antipyrine, 620-623. (4) Pyridine 

and its derivatives {alkaloids) : pyridine, picoline, Intidine, collidine, pyridones, 
pyridinecarboxylic acids, hydropyridines, piperidine, 623-626. Alkaloids : 
Separation and tests, 627 ; Table, 628 ; synthesis of alkaloids and medicine ; 
anaesthetics ; coniine, nicotine (tobacco), atropine, morphine, cocaine, narco- 
tine, strychnine, brucine, curarine quinine, 627-635. (5) Quinoline and' 

its derivatives : quinaldine ; isoquinoline, I satin, Indoxyl, Skatole. Indole. 
Indazole, 635-639. Indigo, natural and artificial ; analysis ; various syntheses ; 
statistics, 639-646. 

B. COLOURING-MATTERS (!I6 

Diohroio substances ; chromophores, chromogens, auxochromes. Bosani- 
lina Process of dyeing. Basic, acid, and neutral colouring-matters. Lakes. 
Mordants, 646-651. Behaviour of colouring-matters with respect to various 
fibres and mordants, according to Noelting, 651. Manufacture of colouring- 
matters, 652. Statistics of production, 653. Glassification of colouring-matters : 

I. Nitro- colouring-matters. II. Azo- colouring-matters. III. Dorivativos 
of hydrazones and pyrazolones. IV, Hydroxyquinones and quinoneoximes. 

V.’ Diphenyl- and triphenyl-methane colouring-matters. VI. Derivatives of 
quinonimide. VIL Aniline black. VHl. Quinoline and acridine derivatives. 

IX. Thiazole colouring-matters. X. Oxyketones, xanthones, flavones, and 
coumarins. XI. Indigo and similar and other natural colouring-matters : 
indanthrene group ; logwood ; archil ; cochineal ; yellow wood (Cuba wood) ; 
quercitron ; natural Indian yellow t red wood (Brazil wood) ; sandalwood 
catechu; gambier; chlorophyll. XIL Sulphur colouring-matters, 654-671. 



CONTENTS 


TESTING OF COLOURING-MATTERS 

Examination of mixtures of colouring-matters, 67I-~6(S0. 

Recognition of the i^rincipal colouring-matters on dyed fibres (Table), 
674-679. 

TEXTILE FIBRES 68) 

Wool : different breeds of sheep ; combed and carded wool ; shoddy ; 
statistics ; count of yarn ; imports and exports ; chemical properties of wool, 
681-684. Cotton : mercerised cotton ; statistics, 684-686. Flax, 686. 

Hemp, 688. Jute, 689. Silk : rearing of the silkworm ; treatment of 
cocoons ; spinning and twisting ; silk waste ; cleansing and dyeing ; deter- 
mination of the weighting of sdk ; statistics of silk and cocoons, 690-698. 

Sea silk, Artificial silk i history; dyeing; output, 698-703. 


QUALITATIVE TESTS FOR DIFFERENT TEXTILE FIBRES 703 

QUANTITATIVE ANALYSIS OF MIXTURES OF TEXTILE 
FIBRES: conditioning; moisture; dressing; mixed cotton and wool ; cotton 
and silk ; natural and artificial silk ; cotton and linen, 704-705. 

DYEING AUD PRINTING TESTS ON TEXTILE FIBRES 705 

FASTNESS TESTS 707 

THEORY OF DYEING 708 


MACHINERY USED IN DYEING AND FINISHING TEXTILE 
FIBRES, 711. Washing and preparation; bleaching; milling; carbonisation; 
fixing of fabrics ; crabbing ; dyeing plant ; jiggers ; dryers ; tentering 
frames ; raising gigs ; calendars ; cutters ; steaming ; dressing ; finishing ; 
pressing ; mcrcerisation ; printing of fabrics and yarns ; oxidation chamber 
for aniline black; polishing of silk, 711-713. 

S. PROTEINS OR ALBUMINOIDS 733 

Characteristio reactions of the proteins ; hydrolysis and synthesis ; 
polypeptides, 733-735. I. Natural Proteins : (1) Albumins (egg- and 

blood-), egg-industry. (2) Globulins. (3) Nucleo-albumins. (4) Proteins 
which coagulate. (5) Histones. (6) Protamines, 735-737. II. Modified 
Proteins : (1) Albumoses and peptones. (2) Salts of proteins, 737. 

III. Conjugated Proteins (Proteids) : (1) Hsemoglobin. |[(2) Nuoleo- 

protcins. (3) Glucoproteins, 737-739. IV*. Albuminoids : (1) JEIastm. 

(2) Keratin. (3) Oollagenp. Manufacture of glue and gelatine, 739. 

V. Various Proteins, 740. 

GLUCOSIDES AND OTHER SUBSTANCES OF UNCERTAIN OR 
UNKNOWN COMPOSITION : Amygdalin ; saponin ; digitalin ; salicin ; 

SBSCulin ; populin ; hesperidin ; pMoretin ; iridin ; arbutin ; coniferin : 
siiiigrin ; santonin; aloin ; lecithin; cerebrin ; iodothyrin ; taurocholic, 
glycooholio, and cholic acids ; biliverdin, bilifuchsin, and bilirubin ; cantharidin ; 
chitin ; cholesterol, 740-742. 


xix 

TAGC 

671 


INDEX 


743 



ERRATUM 

Pago 386, Imc 28, for gallalile read galhiliiii 



PART I. GENERAL 


In voL i of this treatise ^ is given a brief summary of the history of chemistry 
and of those portions of physico-chemical theory which are necessary for the 
interpretation of chemical phenomena. 

Hence, this course of organic chemistry assumes in the reader a knowledge 
of the fundamental chemical laws and ideas, methods of determining molecular 
weights, and so on. 

The se|)arate treatment of the carbon compounds, which is termed organic 
clhcmisiry, is a purely didactic convenience and somewhat of a habit, there 
being no sound foundation to justify a distinction between organic and inorganic 
chemistry. 

This division of the subject dates back to the time of Lemery, who, in 
1675, regarded the substances of the animal and vegetable kingdoms as distinct 
from those of the mineral kingdom, and to 1820, when Berzelius justified the 
separation by stating that the preparation of organic compounds required the 
intervention of vital force, whilst inorganic compounds could be prepared 
artificially in the laboratory. But this view was abandoned in 1828, when 
Wohler succeeded in preparing urea (found in urine) from inorganic material 
in the laboratory, and, later, when acetic acid was prepared artificially. Sub- 
sequently, the number of so-called organic compounds which have been 
obtained synthetically has increased almost without limit. 

There exists to-day no reason for a distinction between organic and inorganic 
compounds ; the first comprise a group of carbon compounds embracing an 
immense number (over 150,000) of substances, which exhibit certain common 
characters and are conveniently studied by themselves. 

It had already been recognised by Lavoisier that all so-called organic 
compounds, originating in organised bodies, contain carbon, hydrogen, and 
oxygen, and that many of them, especially those of the animal kingdom, 
contain also nitrogen and sometimes sulphur, phosphorus, halogens, and 
metals. 

The study of organic compounds is as old as the human race, which, from 
the most remote times, has prepared alcohol and acetic acid from vegetable 
juices (the must of the grape and other fruit, &o.). 

After the discoveries of Lavoisier and the investigations of Berzehus, 
organic chemistry began to acquire a special importance. And Liebig, by 
introducing simple and exact methods for the analysis of organic compounds, 
rendered most valuable help to the wonderful theoretical and practical 
development which has been shown by this branch of chemistry during the 
past fifty years, and which has been largely responsible for the impulse given 
to progress and civilisation in the nineteenth century . 

In order to study the innumerable derivatives of carbon, to be able to obtain 
separate individuals and to characterise them by means of their chemical and 
physical properties, then to grouj) and classify them and to deduce in a more 
or less general way the laws they obey, it was necessary to isolate and prepare 
in the pure state these separate chemical individuals. 

1 B. Molinan, Inorganic Olicmistry ; Translated by E. Feilmann, 1912. 
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ORGANIC CHEMISTRY 

PURIFICATION OF ORGANIC SUBSTANCES 

Tho purification of organic subistancos is not so easy to elloct/ as ndgiit ajipear at iirst 
sight. Pure substances are chcaracteriscd by certain physical coiistaiiis (boihng-poiiiis 
melting-point, crystalline form, &e.), which servo to show if a substance is in a snitalib^ 
condition for chemical analysis. 

The chemical processes of purification may be deduced from tho chemical propiniii's 
of the substances themselves, as described in Parts II and lU of this treatise ; gi'ueral 
physical methods effect purification hy means of suitable solvents (water, alcohol, 
light petroleum, acetic acid, benzene, acetone, chloroform, carbon disulphide, whiidi 
separate certain substances from others more or less soluble ; or, in many cases, purifica- 
tion is brought about by crystallisation, a solution of the impure substance in a suitable 
hot solvent depositing — on gradual cooling or partial evaporation oC the solvent,— th(^ 
pure substance in characteristic and well-defined crystalline forms, which can bo coiitrolkid 
by measuring the angles and determining the axial ratios of the crystals. 

ImpiuTties separate sometimes before and sometimes aftc^r the 
crystallisation of the substance under examination, so that rc^course 
is had to fractional crystallisation, which, when repeated, may giv(^ 
excellent results. 

In certain cases, substances arc purified hy sublimation^ Whim 
pure, a liquid has a constant boiling-point for a dofiniit^ pressure 
(vol. 1 . p. 81), and this is determined by distilling tho liquid in a 
flask with a lateral tube, a thermometer being arranged in th<i nesek 
of the flask without its bulb dipping into tho boiling liquid. The 
temperature of the vapour gives the boiling-point of the liquid ; tho 
vapour escapes from tho side-tube and is condensed by nutans of a 
Liebig's condenser, formed of an inclined glass tube surrounded by 
a wider tube through which water circulates from tho lower to the 
upper end (Fig. 2). 

The boiling-pomt of a very small quantity of substance can bo accurately determined 
by means of the arrangement shown m Fig. 3 : a few drops of tho liquid arc introdiujod 
into a small tube, d, closed at the bottom and drawn out into a narrowed part. Into tho 
liquid dips a capillary tube, sealed at the point a by fusing the glass. Tho tube is attached 
to the thermometer, c, and the whole immersed, to tho doptli of a few ci^ntimeires, in a 
liquid having a boiling-point higher than that of the liquid under examination. Heat 
is now gradually applied, superheating being prevented by tho air-bubbltvs issuing from 
the lower end of the capillary tube. When tho boiling-point is reached, bubbles form 
very rapidly at the bottom of the liquid, and tho boiling-point is read oft on the 
thermometer. 

Certain substances which readily decompose on boiling at tho ordinary pressure can 
be distilled unchanged at a constant, but somewhat lower, temperature by lowering the 
pressure, i.e, by distilling in a vacuum (see later). For this purpose use is made of a 
mercury or water pump (Sprengel). 

When two liquids are mixed, they can be separated almost eomplotoly by fractional 
distillation, if there is a wide interval of temperature between their boiling-points. In 
consequence of tho partial pressure of the components, at different tempera turos mix- 
tures distil over which contain varying proportions of these components ; tho liquid with 
the lower boiling-pomt first preponderates in tho distillate, while at higher tomporatmros 
that with the higher boiling-point preponderates. On repeated rodistillation of the two 
extreme fractions separately, the two liquids can be obtained in the pure state. In certain 
cases, however, a mixture of two liquids does not exhibit a regular progression in the 
vapour pressure corresponding with the preponderance of one or other of the two 
components. There are, indeed, liquids which, when mixed in certain proportions, show 
a minimum vapour pressure — ^lower even than that of tho less volatile component— whilst, 

^ SubhmaiioTL takes place with many solid substances and consists in the passage) from solid to vapour on gentle 
heating, and from the state of vapour to the solid crystalline condition wiion the vapours oomo couiaot with 
a cold body . these changes taking place dir(‘ctly and not by way of the liquid sUte, Usually tho aubsianott la 
placed on a clock-glass, covered by a perforated ftlter-paper and by a funnel ; on heating the clock-glaKM on a sand- 
bath, the pure sublimed crystals collect on tho walls of the funnel (Fig, 1). lu some casoH, ttm sublimation i« cjarrlod 
out in a vacuum. 



Flu 1 



RECTIFICATION 8 

on the other hand, a mixture of two liquids sometimes has a vapour pressure greater than 
that of its more volatile constituent ; the two liquids cannot then be separated by fractional 
distillation, especially when their boiling- points are not far apart. ^ In these cases good 
results are obtained practically by employing so-called rectification, this consisting in 
distilling the liquid mixture through a Le Bel and Henninger (1874) rectifying tube 



Fxg. 2. Fig. 3. 


(Fig, 4), which is fitted at regular intervals with discs of 
platinum gauze, and above these takes the form of a series 
of two or more bulbs, a lateral tube being so placed as to 
lead the liquid condensing m any bulb back to the bulb 
below it. When the liquid boils, the mixed vapours pass 
up the tube and meet the first gauze disc, where the vapour 
of the less volatile liquid is condensed in greater proportion 
than the other, so that the vapour reaching the second 
gauze is richer in that of the more volatile liquid ; a similar 
process occurs at the successive gauzes and in the bulbs 
above them, so that the vapour passing through the upper- 
most bulb is that of the more volatile liquid, and this passes 
down the side-tube (at the mouth of which the thermo- 
meter is placed) to the condenser. During this rectification 
the cooling produced by the outer air and the consequent 
condensation of the vapours result, in the rectifying tube, 
in a stream of liquid flowing down the walls of the tube ; 
this liquid meets the ascending vapours and gives up to 
them its more volatile constituent and takes up from them 
their less volatile component, so that only the vapour of 
the more volatile liquid reaches the top of the tube, while p^jG. 4. Fig. 5. 

the less volatile liquid is returned. 

Similar results are obtained by HempeVs rectifying column (1881), which is filled with 
glass beads (Fig. 5). With this also the phenomenon of rectification which goes on often 

^ Theory of Fractional Distillation. Wo shall see later the relations existing between the boiling-point and the 
ooxnposition and chemical constitution of organic substances (homologous series, isomendcs, &c.). Of interest 
at the present juncture is the behaviour on distillation of a mixture of two liquids which dissolve one m the other 
m all proportions. 

Aooordihg to Wanhlyn md Berthelot, when a mixture of equal weights of two liquids is distilled, the propor- 
tlohs of the two ih the distillate depend not only on their proportions m the original liquid and on their vapour 
pressures at the boiling-point of tfie mixture Itsdfi but also on the reciprocal adbesion of the constituent liquids 
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permits of the separation of liquids with boiling-points quite close togetlu‘i‘. 'Iliis 
phenomenon has important applications in the alcohol industry Inter), in the manu- 
facture of oxygon and nitrogen from liquid air, in the preparation of 1h}ui(1 sulphur dioxuli^ 
(vol. i, pp. 245 and 295), and m many other industries. 



In many cases substances (liquid or solid) are purified by distilling in a current of 
steam, certain of them being volatile under these conditions twem when their boiling- 
points are above that of water ; in the distillate the substance often separatees owing io 
its insolubility in water. An arrangement used in the laboratory is shown in Fig. (i, 
steam being generated in A and passing through the subsiaiicu^ to b(‘- distilled in th(‘ 
flask, B, which can be heated directly with a flame. 

In some instances the distillation is 
effected by means of superheated steam (150°- 
350°), which is obtained by passing steam 
through a coil of iron or copper tubing 
heated with a bunsen burner (Fig. 7). 

A number of substances decompose when 
heated at the ordinary pressure, whilst they 




Fia. 7. 


Fro. B. 


% 

distU unohanged in a more pr less perfect vacuum, owing to a marked lowering of the 
boiling-point. Of the many different forms of apparatus employed m the laboratory for 

and on thoir mpov Wien a mixture of two miscible liqnids. m eaual woigbts. is distiUod, the ouautitv 

of each oom^nent which distils can (disregarding certain exceptions) be calculated by multiplyiiiH the vanour 
pressure (at the boiling-pomt of the mixture) by the vapour density. Hence it can bo uuderatood Lw in somo 
cases, the less volatile sabstanoe distils in greater quantity. Hven if the vapours that distil over oonta’in cnual 
volumes of the two vapours (that is, equal numbers of moleeules). the oondonsii liquM will ooiitX a mSir 
proportion by weight of the constituent with the higher molecular weight ' This explains wliy water with a low 
vapour d^ity causes substances with higher boUmg-pomts (ethereal oils, napwCCo. &c.) to dlsT since 
although the latter have low vapour pressures, their moiocular weights are high ' .do aistu. since , 

On dlstdliuga mixture of two liquids not soluble one m the other, the corresponding vapours do not Influonoo 
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this purpose, that of Brcdt is illustrated in Fig. 8. An ordinary thick-walled distilling 
hask, Af IS used, its side-tube being connected with the condenser a and with the collecting 
apparatus, which consists of a flask, d, and three tubes, e, of thick glass, and is joined to 
the condenser by means of a perforated stopper ; the pump by which the air is withdrawn 
from the whole apparatus is connected with the tube, c, which communicates also with 
a manometer to show the extent of the vacuum attained. Superheating and consequent 
bumping of the liquid are avoided by the insertion of the tube &, the lower end of which 
is drawn out to a capillary and dips below the surface of the liquid, while the upper end 
is closed with a piece of rubber tubing fitted with a screw-clip ; by means of this tube, into 
which also the thermometer may be introduced, a slow current of air or other inert gas, 
controlled by means of the screw-clip, is allowed to bubble through the liquid. The 
flask is heated in a bath of oil or fusible alloy, and, if the distillate is very dense, no water 
need be passed through the condenser. The first portion distilling over at a definite 
temperature is collected in d, and when the temperature rises suddenly, the collecting 
apparatus is rotated so that the distillate is collected in one of the tubes, e ; when the 
thermometer no longer indicates 
a constant temperature, another 
of the tubes, e, is employed, and 
so on. 

MELTING-POINTS. Whilst 
with liquids the boiling-point is 
generally used as a criterion of 
purity, for solids the melting-point 
is mostly employed for this pur- 
pose, and in certain cases also 
the boiling-point. So long as the 
substance is impure, the melting- 
point is usually too low. The 
melting-point is determined by 
introducing a few centigrams of 
the substance into a very narrow, 
almost capillary glass tube closed 
at the bottom (Fig. 9), the tube 
being attached to the bulb of a 
thermometer dipping into a beaker 

of concentrated sulphuric acid, 9 . Pia. 10. 



oil, or paraffin, which serves to 

transmit heat to the substance. A small glass stirrer servos to prevent superheating of 
the liquid, and, when the substance is pure, it melts entirely within a degree and generally 
becomes transparent. When the temperature of the bath approaches the melting-point 
the flame is lowered and the bath heated gently so that the temperature rises half a 
degree every four or five seconds ; only in exceptional cases should rapid heating be 
continued. 

To determine the melting-point of a fat, a tube drawn out to a capillary a:d sealed 
at the lower end (Fig. 10a) is held m an inclined position, and one or two drops of the fused 
and filtered fat introduced into the enlarged part (A, Fig. 10a). When the fat is solidified, 
the tube is kept in a cool place for twenty-four hours, after which it is attached vertically 
to the bulb of a thermometer ; it is then heated in a suitable bath, note being taken of 
the temperature at which (1) fusion begins, (2) the fat flows down and obstructs the 
capillary (Fig. 10&), and (3) the completion of fusion is indicated by the entire liquefaction 
and transparency of the fat. 


one another, and the total pressure of the vapours is given by the sum of the pressures of the two liquids at the 

temperature of distiUation. The boiling-point of the mixture is the temperature at which 

pressures of the components equals the atmospheric pressure ; it should be mentioned th^ ? 

mch a mixture is necessarily lower than that of the more volatile liquid, since here also 8 law of partial 

vresmm (vol. i, pp. 71, 383, 491) holds. Faumann (1877) showed that, in the vapour distiUmg from such a uuxture 

the ratio between the volumes of the components corresponds with the ratio between the vapour pressmes of the 

two liquids at the boilmg-point of the mixture ; and hence the weights of the two components are obtemed by 

multiplying these ratios by the corresponding densities (or molecular weights) By means of 

succeeded in detemuning the molecular weights of vanous substances simply by distiEing mixtures of them. A 

SSe V water and isoWl alcohol (b.pt. 135°) has a constanr boilmg-pomt of 96 , and distils continuously 

In the ratio of two volumes of water and three volumes of the alcohol. 


6 


ORGANIC CHEMISTRY 

Tlio molting -point of a fat can also be determined by drawing it in tlu- hist^cl eoudit/ion 
into a capillary tube blown out at the middle into a bulb, wlncli is half filled with lai- 
(Fig. 11) ; the upper end of the tube is kept closed with the finger nnill iht‘ tati biKumu's 
solid, the empty part of the tube bemg then bent round as shown and attached, iipsid(‘ 
down, to a thermometer, the whole being afterwards gradually lieaied in a Ixniker of wat(‘r. 
When the fat begins to melt it flows into the lower part of the bull) (Fig. 1 1 .-1 b, right-hand 
view), and when it is completely fused it becomes transparent. 

For fats and paraffins, or waxes in general, and for softfaU (for c‘xamplt‘, lubricanis) 
especially, an important determination is that of the dropping -point, which is carriial out, 

according to TJbbololide’s nudhod (1905), liy 
filling with the fat a glass capsuhs c (Fig. l:i, 
natural size), 10 mm. long and 7 mm. wid(‘, 
with an orifice 3 mm. in diameter in Iht^ base' ; 
a very small thermometer bulb is immersiMl in 
the fat and the capsule thcMi afiixc'd to lh(‘ 
thermometer witli a metal sheath having au 
aperature at c, and three point»s, d, which 
determine the position of the cajisule ; tli(‘ 
thermometer is then fixed in a test-tube^ 
4 cm. in diameter, dipping into a Ix^aker of 
water, which is heated so that the temperature 
rises one degree per minute. At the orifice of 
the capsule a drop begins to form at a certain 
time, and when this falls the temperatures is 
read, and is usually corrected by subtracting 
0*5 to obtain the rml instead of the apparent 
dropping-point. 

This method has boon adopiiid for the 
examination of lubricating oils supplied to the 
Italian navy and railtoys. 

The specific gravity of liquids also serves to determine their purity, and the various 
forms of apparatus used for measuring it are described in vol. i, p. 72. 

ANALYSIS OF ORGANIC SUBSTANCES 

As will be seen later, many so-called organic substances arc compoHocl 
of carbon and hydrogen combined in various proportions ; a largo numtxu’ of 
them also contain oxygen, while nitrogen is often present and sonuditncH 
sulphur, halogens, metalloids, and metals. . 

Analysis of these compounds may be merely qualitative, when only a 
knowledge of the constituent elements is required, or it may bo quantitative 
when the percentage amount of each of the elements present is determined. 

QUALITATIVE COMPOSITION, When organic substances arc heated on plat-imim 
foil they either burn with a flame or leave a carbonaceous residue. The preHonoe of 
carbon and Jiydrogen may be demonstrated by heating a little of tho substance, mixed 
with cupric oxide, in a test-tube fitted with a delivery tube, tho gas evolved being passcxl 
into a clear solution of barium hydroxide : if the latter becomes turbid, owing to tho 
formation of barium carbonate, the presence of carbon is proved, and if drops of water 
condense in the cold upper part of tho tube the substance must contain hydrogen. 

The presence of nitrogen can, in many cases, be shown by tho smell of burning wool 
or nails developed when a little of the substance is heated on platinum foil. A more 
general and certain test is that devised by Lassaigne (1843) : 2™3 centigrams of the sub- 
stance are fused with a piece of metallic potassium or sodium (0*2-“0'3 grm.) in a test-tube, 
which is broken by plunging it while still hot into a beaker containing 10-12 c.c. of water. 
The alkaline solution of potassium cyanide formed is filtered, mixed with a few drops of 
ferrous sulphate and feme chloride solutions and boiled for two minutes, by which means 
potassium ferrous cyanide is formed (when nitrogen is present in tho substance) ; the 
liquid is acidified with hydrochloric acid, which dissolves the ferrous and ferric oxides, 






d 


Fig. 12. 



ELEMENTARY ORGANIC ANALYSIS 7 

the resulting ferric chloride reacting with the potassium ferrocyanide to form the 
characteristic Prussian blue, or at least a green solution which deposits Prussian blue on 
standing. In absence of nitrogen, only a yellow colour is obtained. To certain nitrogenous 
substances this test is not applicable (e.g. to diazo -compounds, which evolve nitrogen too 
readily), and in such cases either the potassium is replaced by a mixture of potassium 
carbonate and powdered magnesium (Castellana, 1904), or the substance is fused with 
sodium peroxide and the mass tested for nitrate by means of diphenylamine (voL i, p, 214). 

The presence of halogens (01, Br, I) is determined by heating the substance with fure 
lime, dissolving m water and nilrio acid and precipitating the halogen with silver nitrate. 
Also, in many cases, the substance can be heated with fuming nitric acid and silver 
nitrate in a sealed tube {s'e later, Quantitative Analysis), by which means the silver 
halogen salt is formed dir ntly (Garins). 

Sulphur also can be detected by the Garins method, the substance being heated m a 
sealed tube with fuming nitric acid and the sulphuric acid, formed from the sulphur of the 
organic compound, precipitated with barium chloride ; or by heating the substance with 
pure sodium peroxide, a sulphate is formed. By heating the substance in a test-tube 
with metallic sodium and dissolving the mass in a little water a solution of sodium sulphide 
is obtained which blackens a piece of silver foil or a silver coin. 

Phosphorus and other elements are detected by the Carius method, the substance 
being oxidised with fuming nitric acid and the liquid tested for the corresponding acid 
(phosphoric, &c.) 

QUANTITATIVE COMPOSITION (ELEMENTARY ANALYSIS). Lavoisier first 
of all devised an apparatus for analysing organic substances by burning them with oxygen 

S <i d ^ S 

Fio. 13. 

a 5 cm. free ; & == 12 cm. spiral of oxidised coppei gauze ; o 8-10 cm for the boat ; 
cm. copper spiral; c— 40-45 cm. granulated cupnc oxide; /= 3 cm. oxidised copper 
spiral or 12 cm. of reduced copper spiral for nitrogenous substances ; g h cm. fiee. 

under a bell -jar ; while Gay-Lussac, Thenard, and Berzelius successively improved this 
process by burning the substance in presence of potassium chlorate. Gay-Lussac, how- 
ever, showed that certain nitrogenous substances cannot be burned with the chlorate, and 
suggested as a general and more certain oxidising agent cupric oxide, which when hot 
gives up its oxygen, transforming the carbon and hydrogen of any organic compound into 
carbon dioxide and water respectively, while the nitrous compounds are reduced to free 
nitrogen by passing the products of combustion over red-hot copper turnings. But it is 
to Liebig that the credit is due of rendering this method of organic analysis simple and 
exact and of devising simple and ingenious forms of apparatus for absorbing the products 
of combustion. Even to-day — disregarding improvements in combustion furnaces and 
modifications of the absorption apparatus — ^the determination of carbon and hydrogen 
(the oxygen is estimated by difference) is carried out by what is virtually the method 
employed by Liebig. 

The method most commonly used is as follows: OT 5-0*30 grm. of the substance is 
weighed in a small porcelain boat, which is then filled with powdered cupric oxide, 
previously heated to redness and perfectly dry ; the boat is then introduced into the 
position c of the hard glass combustion tube (Fig. 13), this being 70-90 cm. long, or 
10-12 cm. longer than the combustion furnace, which is heated by 25-30 gas flames 
(Fig. 14). 

The other parts of the tube are reserved for the previously heated copper spirals and 
granulated cupric oxide (Fig. 13). When a fresh combustion is to be made, all that it 
is necessary to do is to remove the spiral & and the boat and to introduce the new substance 
into the tube, which is already charged m d, e, and / and is. not alLowad to cool below 
40°-60°. 

The combustion is carried out in the furnace shown in Fig. 14, the tube being closed 
at a with a good cork and a glass tap which can be connected at will with a gasometer 
containing air or one containing oxygen^ which should, however, before reaching the 
combustion tuba, pafes through tubes containing potaSsium hydroxide to remove the 
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carbon dioxide, and tlioii through diymg tubes coulaining caleuun (*Iilori(!<'. Al- llie 
other end the combustion tube communicates at hrst with a hirt'd c, eoidainiiig 
granulated calcium chloride to absorb the water formed during (‘oiiibusiion ; tlu'u 
follows the tared apparatus d, containing potassium hydroxide' solution (30 '^55 pet' cc'ut.)? 
which absorbs the carbon dioxide from the burnt siibstanci' and is fiirnislusl with a 
calcium chloride tube to retain the moisture given otf by the potassiiiin liydroxide solution. 
Finally follows a calcium chloride tube, e, which is not weigdu'd and prt'vi^uts moisluri' 
entering the apparatus from the air. 

Before the combustion is started the apparatus is tested to ascertain if iti is ]K'rf(‘<dly 
air-tight. This is done by closing the tap a, and sucking into e eight or tdi hiibhhss ot 
gas ; the slight rarefaction produced in the interior of th(‘ eom bust ion tiihi' caus(‘s the 
potash solution to rise in the first large bulb to a level which should rcnnain c.onstant lor 
some minutes. The burners at the end h are then giadually ligliied until the portion / 
and almost all of the portion e are heated to redness. Tlie spiral h is ilu'ii gi’adually htuied 
from the a end, the heating being gradually extended under tlic boat so that) t-lu* sulistanei' 
is completely burnt. During the combustion bubbles of air are passed into thi‘ tulx^ 
from the gas-holder so as to transport the gases produced into the absorption apparatus ; 
during the last 10-15 minutes a gentle current of oxygen is passed through, and Hum tlie 
flames are extinguished and air again passed for 10-15 minutes. In this way all th(‘ 
gases from the combustion are removed from the combustion apparatus and tJi(‘ copptu' 
oxide is completely reoxidised, so that the tube is ready for the m^xi comlmstion. 



Fia. 14. 


The increases in the weights of the potash and calcium chloride apparatus givii tiic 
amounts of carbon dioxide and water respectively formed during the conikwlion, and, 
dioxide correspond with 12 parts oE ciwbon and 18 jjarts of watia- 
with 2 of hytogen, tho quantities or percentages of carbon and iiydrogcn in th(' Hulwtmuto 

percentages, when suhtraoted from 100, givcK 
that of the oxygen excepting whore tho substance contains nitrogen, wiiicdi is dotpniiiued 
directly by methods given later. In this way the percentage amposUitm is dotenuiiiod. 

hor determming carbon^ and hydrogen in nitrogemus miistances the above jiK'lhod is 
modified only by inserting in the combustion tube, in place of tho spiral / (Fig. 13) one 
of reduced copper gauze i about ]6 cm. long, this serving to fix tho oxygen from tlu^ 
oxides of nitrogen resulting from tho combustion and to liberate tho nitrogen, wliiidi 
passes unchanged through the absorption apparatus. 

wi+?iS or a ^logen, tho comhuHrion is made 

as iMd'l "mains fixed in the tube 

on a suiT?^t' fu also be fix.'d 

on a spiral of silver foil about 10 cm. long placed at / (Pig. 13), the substance boinn 

cZt** o»de ; if both nitrogen ml a halogen arc prosont th? 

copper and silver spirals are used together. ^ 

A new apparatus, which admits of the combustion of organic substanoos beine vorv 
rapi y carried out, is that devised by (teasoo and Hancher (1904-1908). Ti, conslls of 

spirals allowed to cool in the cuSeat of hydroRen beme extingiiishoa and tlio 

whea reduction is complete ami the feept m desiccators ready for wo ; or, better, 

mo danger of hydrogen being occluded by the copper ’ ^ exhausted and is kept so until cold, so as to avoid 
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a small external combustion tube, c (Fig. 15), of bard glass and about 20 cm. long and 
2 cm. wide and slightly expanded at the lower closed end. The tube is closed at the top 
by a rubber stopper, /, through which passes a porcelain tube, e, wound round with an 
electric resistance formed of platinum -indium wire, d ; along the interior of the porcelain 
tubes passes a thick silver wire, which starts from d, the negative pole, and ends in a 
small platinum wire loop and serves to convey the current (3 amps, at 20 volts). The 
oxygen for the combustion traverses OS and the upright tube of the stand, and passes 
through the porcelain tube to the bottom of the combustion tube. In the stoppei', /, is 
fastened a piece of nickel tube, 6, which is united to the ■+• pole and to the platinum 
spiral, d, and serves at the same time for the escape of the gases formed by the combustion 
to the tube r. The gases are absorbed by the'usual tared apparatus (^=calcium chloride, 



concentrated potassium hydroxide solution), but with nitrogenous or halogenated 
substances the gases are first passed through a U -tube containing lead dioxide heated to 
180° by means of a small furnace, m. The connections a and h are insulated from one 
another by porcelain and rubber. When the current passes through the resistance the 
glass tube is heated to redness, and the substance (0-12-0-20 grm,), mixed with cupric 
oxide or, bettor, with platinised porous porcelain powder, and placed at the bottom of 
the glass tube, is burned by heating the outside of the tube directly with a Bunsen flame. 
The combustion is very soon completed, the platinum-iridium spiral apparently accelerating 
the oxidation catalytically ; apart from the time occupied by the weighings, this method 
requires 15-20 minutes, and usually gives good results. For the analysis of fairly 
volatile liquids or of substances which readily sublime, the lower part of the combustion 
tube is drawn out almost horizontally, and the substance is mixed "with platinised porcelain 
powder (2-3 per cent, of platinum) ; liquids can be heated in a separate tube and the 
vapour then mjocted into the combustion tube. 

An electrical method for determining carbon, hydrogen, and sulphur in organic 
subtances was also proposed by Morse and Gray in America in 1906. 



10 


ORGANIC CHEMISTRY 


QUANTITATIVE DETERMINATION OF NITROGEN. (1) Dwmm'’ Mvlhod, 
The nitrogenous organic substance (0‘2-0*3 grm.) is heated in a hard glass tube similar 
to that shown m Fig. 13, but closed at the end, a. The portions a and b contain sodium 
hydrogen carbonate or magnesium carbonate ; between h and c is placcnl a small ]>lug of 
copper gauze, in c granulated copper oxide, and in d powdered copper oxide. Thcai follows 
a space 10 cm. in length m which is placed the substance to be analysed, this being wc'igluMi 
and mixed with powdered cupric oxide ; next comes granulated cupric oxide, and in / 
a spiral of reduced copper, 10-12 cm. long.^ 

The extremity, g, of the tube is connected by means of a gas dc^l ivory tube with jb 
graduated tube (25 or 50 c.o.), placed upside down m a basin of mercury and iilk*d half 
with mercury and half with concentrated potassium hydroxide solution. This graduatral 
tube may have the form devised by Dumas and shown in Fig, 16 ; the gas from tiu‘ 
combustion tube passes into the tube a, furnished with a clip, w, 
thence through a little mercury in the bottom of tihe i.ulxi 
which is filled with potassium hydroxide solution and is in com- 
munication with a reservoir, c, of ihis solution. Tlu‘ o])oraiiou 
is begun by heating the combustion tube at/ tlu’) point wh<^rt‘ 
the magnesium carbonate lies ; the carbon dioxidii thus oyolv«‘d 
expels the air from the apparatus into h, whence it is driven by 
raising the reservoir, c, and opening the cock at the top of b. 
The carbon dioxide is absorbed by the potash solution, and 
when no more air collects in b the magnesium carbonatic is no 
longer heated. The copper spiral and the copper oxide ar<^ now 
gradually heated in the same way as for the estimation of carbon 
and hydrogen, the heating being slowly extended until it reaclu^s 
the substance itself. Oxides of nitrogen arc dccompoHcd by ihv 
copper spiral, so that all the nitrogen is evolved in the fn'O stall* 
and collects in 5. Finally the nitrogen remaining in thi^ (com- 
bustion tube is driven into h by moans of carbon dioxide fornu‘d 
by again heating the magnesium carbonate. 

At the end of the operation, in order to measures the nitrogoi), 
a graduated tube filled with water is inverted over d, and thc^ cocsk 
at the top of h having been opened, the roRcrvoir, c, is raised until 
Fig. 10. passes into the graduated tube. The jatt(*.r can then 

be removed to a largo cylinder full of water and when, after a 
few mmutes, the gas has assumed the temperature of the water (shown by an accurate 
thermometer) the tube, grasped by a clip (the hand would warm it), is arranged so that 
the level of the liquid inside it coincides with that outside and the volume (^;) of th(^ gas 
read off. At the same time the atmospheric pressure (5) is read, and thti t*xaci tempi^ra- 
ture {t) of the water. The percentage of nitrogen (2?) in the substance is then (*.alculalcd 
by means of the following formula : 

u. (5 -tc). 0-12511 
^ s. 760(1 + 0-0036T1) 



where s indicates the weight of substance taken, w the pressure of water vapour (‘xprcHsi^d 
in mm. of mercury {see voL i. p. 34) and 0-0012511 grm. tlio weight of I e,c. of moist 
nitrogen at 0° and 760 mm. (Rayleigh and Ramsay). 

When several determinations of nitrogen are to bo carried out the procedure is some- 
times simplified by using a combustion tube open at both ends, like that of Fig. 13, the 
magnesium carbonate or sodium bicarbonate being omitted and tlu' combustion tube 
being connected at a with a small Kipp’s apparatus for the evolution of carbon dioxide 
(marble and hydrochloric acid), care being taken to free the apparatus from all air by a 
prolonged current of carbon dioxide. 

(2) KjeldaM s Method (Dyer’s modification). 0*5-1 grm. of the substance is placed in 
a hard glass flask (200-300 c.o.) with a long neck, into which penetrates the stem of a funnel 
used to cover the flask (Fig. 17). 20 c.c. of concentrated sulphuric acid (66® BA) and 


(ironTvin/T^f n redaccd by boating It OTor a largo non-lurairous gaw bamo mtl 
tosUubocontatomgl c.o. of ethyl or, bettor, motbyl alcohol ; tho tabc is taro od lately 
is cold ^ stopper through which passes a glass tube. The Jattoris ooMiccted with a pump until the spiral 
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a drop of nxcrcury (wliicli acts as a catalytic oxidising agent) are added;, and tlic contents 
of the flask are keatod, at first gently and finally more strongly, nntil vigorous foiling 
sets in. 10 grins, of potassium sulphate are then added, a little at a time, the heatmg 
being continued until the liquid is decolorised, by which time the whole of the nitrogen is 
transformed into ammonium sulphate. After the flask has been allowed to cool, its 
contents are washed out with water into a flask already containing 200-300 c.c. of water. 
3-4 grins, of zinc dust (which decomposes ammoniacal 
compounds of mercury and prevents bumping by the 
evolution of hydrogen) are then added, and the flask 
closed with a rubber stopper through winch passes a 
tapped funnel containing 120-160 c.c. of concentrated 
sodium hydroxide solution (30-35 per cent.) and a glass 
bulb (Figs. 18 and 19) communicating with a simple 
condensing tube dipping into a flask containmg a mea- 
sured volume of standard sulphuric acid and a drop of 
methyl orange. In order to prevent spurting of the 
caustic soda and its introduction into the condenser 
tube, the glass bulb is fitted with a delivery tube curved 
towards the wall of the bulb ; it is, however, as well 
to push into this tube, almost as far as the bulb, a small 
plug of glass-wool or asbestos. Solutions of soda more 
concentrated than 35 per cent, often lead to spurtmg. 

About one -half the liquid is distilled and the excess 
of sulphuric acid remaining in the collecting flask 
determined by titration with alkali. Hence the amount of ammonia fixed by the acid can 
bo calculated and so the percentage of nitrogen in the substance analysed. In Figs. 17 and 
19 are shown forms of apparatus with which it is possible to carry out several determina- 
tions simultaneonsly. 


Fiu. 18. Fig. 19. 

Kjoldahl’s method cannot be used for the analysis of organic substances which contain 
nitrogen either united to oxygen (nitro compounds) or forming part of a pyridine or similar 
nucleus (quinoline, &c,) 

(3) W^ll and Varrentmffs Method. This method is based on the principle that 
almost all nitrogenous organic substances (which do not contain nitrogen linked to oxygen, 
such as the nitro-compounds), when they are heated with an alkali hydroxide or, better, 
with soda lime {see voL i, p. 490), yield hydrogen, which transforms the nitrogen into 
ammonia. Little use is made of this method to-day. 

QUANTITATIVE DETERMINATION OF THE HALOGENS. The method most 
commonly used is that of Oanus. The substance (0*15-0*2 grm.) is weighed out in a 
small tube, which is then introduced into a large, hard glass tube 30-40 cm. long and 
2-3 cm. wide, closed at one end and containing about 2 c.c. of fuming nitric acid and about 
0*5 grm. of solid silver nitrate ; this introduction is effected in such a way that the acid 
docs not enter the small tube. The large tube is then softened near the open end by heating 
in the bloWf-pipe flame and gradually drawn out to a point, the walls of the tube being 
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allowed to tluckeix during the fusion (Fig. 20, B, shows the upper part of the tube on a 
larger scale). After being allowed to cool in a vertical position, the tube is iiitKKliiced 
into a thick-walled iron sheath, which is closed with a screw-cap. It is them safci to in(^liiu‘ 
the tube and introduce it into a bomb-furnace (Fig. 21), which holds lour or niot(‘/ tiib(‘S 
and is raised slightly at one end ; this is heated for 4-6 hours, the* temperai.ure b<‘ing 
raised gradually to about 250°. Sometimes the tubes burst owing to the great hit (Miial 
pressure, but without danger from flying fragments of glass owing to the protection ol 
the iron sheaths and of the folding shutters at the ends of the furnace, thc'sc', l)(‘ing iow( ‘r(‘d 
during the heating. 

At the end of the operation, when the tube is cool, it is taken from the*, iron sheaili, 
held in a vertical position and its point (Fig. 20, A a) softened in a Bunsen flame. When 
the pressure m the tube has been thus relieved^ a scratch is made wifh a file ati the poini* 
marked b, and the file-mark touched with a red-hot glass, with the result fihai) flu'. upp(‘r 
part of the tube breaks of. The tube is then carefully emptied and waslu^d out into a 
beaker with water, the small tube, held m pincers or a piece of platinum wire, being wtdi 
washed inside and outside before removal. The liquid is heated and the precipitated silveu 



A 


Fig. 20 Fig. 21. 


halogen compound is then collected on a filter, washed, dried m an oven, dotaclu^d from 
the filter and heated in a weighed porcelain crucible until it just l)cgins to meli.. Aftc'r 
being allowed to cool in a desiccator, the crucible is weighed. and the amount of halogcii 
contained in the organic substance calculated from the weight of silver haloid, 

QUANTITATIVE DETERMINATION OF SULPHUR AND PHOSPHORUS. 
This is carried out by the Carius method in the same way as for halogcHis, (^xc(q)i that 
no silver nitrate is introduced into the tube. At the end of the luxating, thc^ sulphur is 
obtained as sulphuric acid or the phosphorus as phosphoric acid, estimation of the amounis 
of these acids being effected by the ordinary methods. The lialogc^ns, sulphur and 
phosphorus, may also be determined after fusion of the substance with pure sodium 
peroxide. 


CALCULATION OF THE EMPIRICAL FORMULA. From the 
results of the elementary analysis of an orgamc substance can be calculated 
the percentage composition, is. the quantity of each component in 100 parts 
of substance. To deduce the chemical formula, that is, the proportiotm in 
which the different atoms enter into the molecule, the percentage weight of 
each component is divided by the corresponding atomic weight, the nuniberB 
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thus obtained giving the proportions between the numbers of atoms of the 
different elements. 

These numbers sometimes give directly the numbers of atoms contained 
in the molecule, but in other cases they represent multiples or submultiples of 
the real numbers of atoms. 

If, for example, lactic acid is analysed, the percentage composition is found 
to be : C, 40 per cent. ; H, 6-6 per cent. ; 0, 53-4 per cent ; by dividing these 
numbers by the corresponding atomic weights, the following numbers are 
obtained: C, 3*3 {i,e. ff) ; H, 6*6 and 0, 3*3 (-fjr). These pro- 

portions have a common factor, 3*3, and division by this gives 1C, 2H, 
and 10, i.e. CH2O, which is an empirical minimum or formula, the simplest 
formula expressing the proportions between the numbers of atoms of the 
different elements. 

This minimum formula does not, however, represent the molecular magni- 
tude, and, in fact, analyses of formaldehyde, acetic acid, grape sugar, &c., 
give the same percentage composition and the same minimum formula, CHgO, 
which must hence be a submultipie of the formula of these substances. 

A knowledge of the percentage composition is not sufficient to determine 
the true molecular formula ; the molecular magnitude, i.e. the molecular 
weight, must also be known in order to permit of a choice between the various 
multiples. By making use of one of the methods described in vol. i, Inorganic 
Chemistry ” (pp. 39, 81 et seq ), the molecular weight of lactic acid is found to be 
90, so that, of the various possible formulae, CH2O (mol. wt. 30), C2H4O2 
(mol. wt. 60), CgHgOg (mol. wt. 90), C4Hg04 (mol. wt. 120) .... CgHigOg 
(mol. wt. 180), &c., only CgHgOg corresponds with lactic acid. But even 
this formula and the empirical formula tell nothing concerning the grouping 
of the atoms in the molecule which, as is explained in the following pages, is 
given by the constitutional formula. 

DETERMINATION OF THE MOLECULAR WEIGHT BY 
CHEMICAL MEANS 

In lactic acid one-sixth of the hydrogen can be substituted by a metal, so that there 
must be at least six (or a multiple of six) atoms of hydrogen in the acid, the empirical 
formula being necessarily at least trebled, giving CaHsOa. To ascertain if this is the true 
formula, a derivative of the acid is prepared, such as the silver salt, which can easily be 
obtained pure. Analysis of this salt shows it to contain 54*8 per cent, of silver, and the 
atomic weight of silver being 107-7, calculation mdicates that the residue of the lactic 
acid combined with 107*7 parts of silver weighs 89. Assuming that only 1 atom of silver 
has entered the lactic acid in place of 1 of hydrogen (as can, indeed, be deduced from the 
fact that the quantity of hydrogen in the salt is five-sixths of that originally present in 
the acid), the weight of the lactic acid would be 89 -{- 1, or 90. The true formula of the 
acid would hence be that corresponding with a molecular weight of 90, i.e. CgHsOa. 

For acid substances in general this chemical method may be employed for determining 
the molecular weight, makmg use of the silver salt and determining if the acid is mono-, 
di-, or tri-basic (that is, ascertaining if the silver replaces 1, 2, or 3 atoms of hydrogen), 
the calculation being then based on the presence of 1, 2, or 3 atoms of silver m the salt. 

For basic substances, the molecular magnitude may be determined chemically by 
analysing the platinicMorides, the formulae for which are always of the type of that of 
ammonium platmichloride : PtCl 4 (NH 3 *HCl) 2 , the ammonia being replaced by the organic 
base, which is mono- or di-aoid, according as it replaces one or two molecules of ammonia 
in the platinichloride. 

For other (indifferent) orgamc substances derivatives are prepared by substituting 
chlorine atoms for one or more hydrogen atoms, the proportion of chlorme being then 
estimated ; the calculation is then similar to that described above. 

The chemical method for determmmg the molecular magnitude does not always give 
certain results : experimental difficulties sometimes occur and often entail great labour. 
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Oonsoq,uently the determination of molecular weights is usually olfected hy pliijfiical, 
methods: vapour density method, cryoscopic method, cbulliosoopic method, he., t-lioso 
being all described and illustrated ui vol. i (Part I). 

POLYMERISM 

It sometimes happens that the analysis of different substances shows them 
to have the same percentage composition, although their chemical and physical 
properties are different ; thus, for example, acetic acid, lactic acid, glucose, &o., 
contain the same elements, C, H, and 0, in the same proportions, there being 
2n hydrogen atoms and n oxygen atoms for every n carbon atom. Accurate 
study of these compounds and determination of the molecular inagtiitude 
(molecular weight) shows that the differences depend on the true formulm 
being multiples of the mi n imum or empirical formula. Thus, whilst the 
molecule of acetic acid is represented by C 21 II 4 O 2 , that of lactic acid corre- 
sponds with CsHeOa, and that of glucose with OeHjaOa. These molecules arc 
hence all multiples of a hypothetical complex CHgO, the ratios (hut not the 
absolute quantities) between carbon, hydrogen, and oxygen being the saims 
(1:2:1) in all cases. These compounds are termed 'polymmdes and the 
phenomenon is known as polyrmnsm. 

In some instances, however, it happens that the molecular inagiiitude is 
not sufficient to differentiate certain compounds, which, besides containing the 
same elements in the same proportions (equal percentage compositions), liave 
also the same molecular magnitudes, although differing in their physical and 
chemical properties. To explain the existence of these, isomeric compounds, 
the chemical nature of carbon must he studied more in detail. 


VALENCY OF CARBON, ISOMERISM, AND 
CONSTITUTIONAL FORMULA 

On the foundation of multivalent radicles,^ discovered by Odling, and of 
the investigations of Frankland (1852), which showed that nitrogen, x)h()H- 
phorus, and other elements easily formed compounds with three or live 
equivalents of other elements, KekuM, in 1857 and 1858, accurately dovolo()c<l 
the true conception of valency, showing the constant totra valency of carbon 
and thus widening the horizon of organic chemistry and originating the 
remarkable theoretical and practical development of the past half-century. 

1 Theory of Radicles and Types. In the first twenty years of last century, various comiioundB were 
discovered winch stood m apparent contradiction to the electro-chomical theory of duaUstio put 

forward by Berzelius (vol i. p. 44) ; in fact, m certain compounds, the hydrogen (olooiro-pOHitivo) was roplaocd by 
chlorine (electro-negative) without appreciably changing the chemical characters of the original conipoumls. It 
was then that chemical combinations came to be represented by unitary fomidm, no account being ialtcu of the 
grouping of the atoms in the molecule. 

But gradually, as the number of new organic substances mcroased, certain aualogii'H became evident in tludr 
chemical behaviour. In studying cyanogen Gay-Lussac (1815) had indeed met, in various icactJons and In variouH 
substances, the residue or radicle OhT, which behaved as a monovalent elcmeot (like the halogiuis), combining witll 
one atom of different monovalent metals, <fec. In 1832 Licbig and Wdhlci disco vored and studiod a mojiovaUmt 
atomic group or radicle, benzoyl, O 7 H 6 O, which was found in oil of bitter almonds combined with an atom of 
hydrogen (OyHjO) ; on oxidation by the air, this essence became transformed into benzoic acid, 0,11 wldch 
with BOls gave benzoyl chloride, OtHsOOI, and this, in its turn, gave the aldehyde OyBaO, wlien treated with 
nascent hydrogen, or benzoic acid under the action of water. Ail these compounds contain the monovaJent 
bcnxoyl nucleus, C^HbO, which passes unchanged from one to the other by combining with monovabmt atoms or 
groups. In 1833, in a classic work, Bunsen studied another radicle, cmdyl, which is a monovalent organic arsenic 

residue, I^ater, in 1837, Dumas, advanced and developed the theory of ruMeleSt studying and classifying 

organic compounds with reference to the different radicles contained in them, these radicles thus coming to be 
considered ahnost as the elementary substmm of organic dhwmtry. The condensation of simiilc radicles tlien leads 
to a compound radicle, forming a complex w'hich can unite with oth^u atoms or atomic groups. Licbig Mupported 
this new theory, whilst BerzpUus strenuously opposed it, reproachmn Dumw for regarding all chomleal combi naiJoiis 
as due to reciprocal interchanges of radicles. 

Dumas and, still more so, Laurent, as a consequence of the discovery of now substanoea, arrlvctl logically at 
the theory of mbsMtution, whieh admits the possibility of replacmg, one by one, the elemonts forming the radicle or 
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Kekule and, independently of him, Cooper brought to light another most 
important property of oarhon, resulting from its four ec[uivalent valencies ; 
they showed that carbon atoms possess also the property of combining directly 
one with another, in a greater or less number, mutually saturating one, two, 
or even three valencies and forming varying chemical compounds. Tor 
convenience, we represent these compounds graphically, placing the carbon 
atoms in an open or closed chain and saturating the valencies remaining free 
with other elements (usually hydrogen and oxygen). We have thus a series 
of groups differing according as the atoms united in a chain are few or many 
(even more than 30), according to whether the chain is branched by means 
of lateral chains, and also according as the valencies saturated between carbon 
and carbon are 1, 2, or 3. 

If we represent the valencies of carbon by strokes, the valencies of the different carbon 


nucleus of ccitam compounds by other elements or by ladicles of other compounds (Dumas termed this phenomenon 
of substitution metalepsy). 

Not only the hydrogen and oxygen but also the carbon of the radicles could, according to Laurent, be replaced 
by other radicles or other elements, ^.g. by chlorine, without the fundamental characters of the oiigmal substances 
being substantially changed. 

These last consequences of the theory of substitution in yadicles (Dumas) or in nuclei (Laurent) were combated 
not only by Berzelius, but even by Liebig, who attempted to cover these new conceptions with ridicule and pub- 
lished m his “ Annalen ” (1840) a pungent satire in the form of a letter from Pans which was signed “ S. C H. 
Windier” {Schivindler being the German for swindler 1), and which made the astonishing statement that it had 
been found possible to replace all the atoms of the molecule of manganese acetate by the corresponding number 
of chlorine atoms, the resulting substance retaining the characters of the original salt, although formed of chlorine 
alone ; further, on the basis of the new theory, it was concluded that the chlorine used in England to hleach 
textiles replaced the hydrogen, oxygen, and carbon, and that already chlorine was being spun for the manufacture 
of nightcaps, which were greatly appreciated 1 1 

Ncvertholc'ss, the now conceptions triumphed with the aid of numeious discoveries, which served to confirm, 
more and more, the ideas of Laurent and Dumas And with the studies of Gerhardt, new horizons were opened to 
organic chemistry, which for so many yeais found a solid basis m Laurent and Gerhardt’s (1852) theory of types, 
those clearing up the nebulous ideas then still hold on the atom and the molecule ; and it is due to those two 
investigators that Avogadro’s woik, denied by everybody, finally assumed the important position accorded to it 
in modern chemistry. 

All organic and inorganic compounds were explained by comparing them with simple types of inorganic sub- 
stances of well-known constitutions. The fundamental types of Gerhardt were four in number . gj" > 

It was supposed that all the principal chemical compounds then known were derived from these types by 
simple substitution of the hydrogen by other elements and radicles. Eroin the first type can. be derived, lor 

example, hydrocyanie acid, ethane, ethyl cyanide, &c.; from the Booond, sodium chloride, 

^},othylchlorido.^*g|},acetylchlorido,‘^^®*^j},andsoon. With the third type correspond, lor example, 

sodium hydroxide, 0, nitrio acid, 0, acetic acid, 0, nitric anhydride, 0, acetic anhydride, 

CallaOlQ ^ 

CtllsO i 

“ From the fourth type, Hofmann and Wurtzdeduced theoretically and prepared m the laboratory a large number 
of compounds, part or all of the hydrogen atoms of ammonia being replaced j for example, ethylamme H|N, 


CsH,- 

diothylamine, CsHs 
H 


>1 

CaHaO'i 

y N, tnmcthylaminc, CHs 

^ N, acetamide, H V 

J CHaJ 

f hJ 


j-N, &c. 


had recourse to Multiple types, sulphuric acid being regarded as derived from the double water type SO, 


0^ 


ly 


H 


H) « 

and similarly succinic acid C4H4O2 f <S:c. ; for glycerol, a triple type was assumed, and so on. 

' H] 

'' H I 

In 1856 Kokul6 introduced another very important type, that of marsh gas, g. VO, with tetravalent carbon, 

Hj 

to which he referred numerous organic corapoqnds ; also certain compounds can be referred both to marsh gas 

CHg-i 

and to ammonia, for example, methylamme, H V N, or g Vo. and from these different methods of considering 

HJ 

the constitution and the reference to different tyjies, were deduced various processes for preparing one and the 
s&nae compound from dlffetent starting materials. 
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atom chaitis are given by the number of free valencies which are not xischI m onitiog lli(‘ 
carbon atoms among themselves and which can bo saturated by didVruit ('l(uu(ads 
(usually H, 0, N), giving rise to an enormous number o£ organic compouiids. 

The following are some of these hypothetical carbon atom chains : 
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Among these chains are two (Nos. 8 and 9) containing four carbon atoms and having 
equal numbers of free valencies. By saturating those ion free valencies with Un\ H n toms 
two compounds are obtained (these have actually been prepared) whicdi contain <M|ual 
numbers of 0 and H atoms, and have therefore the same pcrcentagi^ compoHition luid llu^ 
same molecular weight. 

The physical and chemical differences of these two compounds, termed 
isomerides, are explained by the different grouping or linking of tlu^ at-ornn 
in the molecule. In their chemical transformations, isomerides give wp or 
exchange quite different atomic groups or atoms, owing to the dillorcnt fiaujtioim 
and positions occupied by these atoms or groups in the molecule. 

It is hence not sufficient to represent organic compounds by an (on])iri(}aI 
molecular formula, the structural or constitutional formula, d(Kliu?ibki 
from the graphic representation of the chains illustrated above, being ncc^c^Hsary 
in many oases to distinguish between isomerides. 

To decide which of two isomeric formulae should bo aHsignod to a given 
substance, various chemical reactions are carried out with the HubHtan<!e, 
study of the new products indicating the constitutional formula. 

An example will render these ideas clear : It is found that eihtjl alcohol (ordinary 
liquid alcohol) and gaseous methyl ether have dilBferent physical and chemical ])rox)erti(‘H, 
although they possess the same percentage composition and the same moleoular magnitude, 
represented by the formula CgHgO. The constitutions or internal molecular simotilrc'B 
of the two compounds are determined by a study of the following chemical reactions : 
treatment of the alcohol with hydrochloric acid gives jfirst a compound OaHuGi (ethyl 
chloride), one atom of monovalent chlorine having replaced one atom of oxygen and mo 
of hydrogen or a hydroxyl residue, OH. By means of nascent hydrogen, the chlorine 
atom of ethyl chloride can be replaced by a hydrogen atom, giving the compound 
62 H 6 (ethane). These reactions are hence expressed by the following eeprationa : 
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(1) CaHj-OH + HCl = H2O + CaHsa ; (2) C2H5CI + = HCl + C^Ha ; but ethane 

can have only the constitution, i uc. CHg — CHg, SO that the alcohol ■will 

h/ \h 


Hv .OH 

have the constitution C^H 

H/ \h 

On the other hand, it is found, by various reactions, that the six hydrogen atoms of 
methyl ether present no difference one from another, and, no matter under what conditions 
hydriodic acid acts on the ether, it eliminates the oxygen as water, and another product 
is obtained which contains only one carbon atom in the molecule : The reaction hence takes 
place according to the equation : 


CsHqO 4- 2HI = 2CH3I 4- H2O. 


It is evident, then, that in methyl ether the six hydrogen atoms are united homo- 
geneously to the two atoms of carbon and that the carbon atoms are joined, not directly, 
but indirectly, by means of an oxygen atom, which is readily eliminated. The constitu- 
tional formula of methyl ether will hence be : 


H\ /H 

H->C— 0~C^H or 

h/ \h 


CH3— O—CHa. 


Use is not always made of constitutional formulae, since they are not 
simple and are often inconvenient to write ; hence attempts are made to 
simplify them by indicating the more important groups or residues contained 
in the molecule and giving at the same time an idea of the constitutions and 
of the functions of these groups ; this is done by means of the so-called rational 
formulce. The rational formula of ethyl alcohol will be C2H5*OH, in which 
the monovalent OH residue, characteristic of all the alcohols, is separated ; 
that of acetic acid will be CHa'COOH, the group COOH being characteristic 
of and common to all organic acids, &c. 

METAMERISM. Constitutional and rational formulae explain clearly 
isomerism in general and also the special case bearing the name metamerism. 
When, to an atom of a polyvalent element are united one or more groups in 
their different isomeric forms, we have special cases of isomerism for definite 
groups of substances. 

/C3H7 

For example, in the compound, N^H , the monovalent group — C3H7 may be 


present in its isomeric forms, i.e, either as — CH2 — CH2 — CHg or as • 


yCHg 

-C^H . 


Although 


there is considerable resemblance between these two compounds, their different con- 
stitutions are manifested in certain chemical and physical properties. The following 

.CH3 /CH3 

compounds are also metameric isomerides : and N^CH^ ; in fact, although the 

\H 

percentage compositions and molecular magnitudes are the same m both cases, the sub- 
stituent groups of the ammonia molecule are different and the compounds belong to 
different categories — disubstituted and trisubstituted ammonias. 


PSEUDOISOMERISM, TAUTOMERISM, DESMOTROPY. A sub- 
stance sometimes contains atomic groups that occupy a very precarious 
(labile) position, since they exert certain influences one on the other and under 
certain given conditions can react in different ways, giving now one new 
substance and now another ; this explains how it is that some compounds 
having a weU-defined chemical character can, under some conditions, behave 
like substances with other chemical characters, without it being necessary to 

II ^ 
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assume a true change of constitution. Thus, for example, sonic of the deriva- 
tives of cyanic acid, ON* OH, behave hke derivatives, sometimes of the formula 
N^C— OH and sometimes of the formula NH==0 = 0, when the hydrogen 
atom is replaced by a given radicle. The same is the case for derivatives of 
cyanamide, N^C — ^NHa, and of carbodiimide, NH==0=JMH ; and of the 

two non-nitrogenous types, — C(0H)=:0— 'CO— and —CO— Oil— CO, where 
a hydrogen atom oscillates between the two carbon atoms. These compounds 
exist usnally m only one form, the more stable one, but in the derivativcvs 
this stable form, simply on heating, is transformed into tlie labile one, Toj* 
this phenomenon Baeyer proposed the imme i pseudotsomermif and others 
that of desmotfopy. 

These forms can be distinguished sometimes by chemical reactions, but 
more generally by the molecular refraction, dielectric constant, magnetic 
rotation, electrical conductivity, &c. 

In various substances, where several hydroxyls are proseni in more or less 
adjacent positions, there is often a tendency for intramolecular transformation 
to take place with condensation of two oi these groups and separation of a 
molecule of water, giving rise to isomeric anhydrides, ethers, ketones, or 
alcohols, &c. In their turn, these derivatives or isomerides, which can be 
transformed one into the other, give rise to distinct classes of compounds, 
and this species of isomerism is called tautomerism. 

STEREOISOMERISM OR ISOMERISM IN SPACE. Wo liavo already soon that, 
by the tetravaloncy of carbon and its property of muting with itweif to form various chainn, 
it is possible, in. certain oases, to oxplam the existence of isoineridos, wiiicli have the same 
percentage composition and molecular magnitude, but diliercnt groupings wiiinu tiui 
molecules. Many cases of isomerism, foreseen from iheoreticai considerations, have 
since been actually met with and different isomerides have been prepared artiiieially 
after their existence had been foretold. 

For a long time, however, certain compounds were known for which ordinary iHomorism 
did not provide any explanation ; among these the most important, from an historical 
point of view also, are tho four dihydroxysuccinic acids (tartaric acids) ^ of which two 
(ordinary tartaric acid and racemic acid) were studied by jBci’zeiius as long ago as 1830. 
To these must be added Isevo -rotatory tartaric acid and niosoiartaric acid disco verted by 
Pasteur. All these compounds have the same internai grouping of tho atoms, although 
they are isomerides ; it is not possible to distinguish between them by chemical riuicstioiiH, 
but they can be clearly differentiated by their physical behaviour’ : they form kemihedral, 
i,e* symmetrical, but non-superposablo crystals (related as an object to its image in a 
mirror) ; they have, too, different actions on polarised light, tho plane of which is turned 
to th© right by some and to the left by others. These acids arc hence known as physical 
or optical isomerides, 

Pasteur attempted to explain this isomorism by supposing tho atomic groups to be 
arranged unsymmetrically ni the molecule, in some cases in a doxtrO‘«rotatory spiral 
and in others in a Isevo -rotatory spiral, or arranged at tho vertices of a% irregular tetra- 
hedron. 

When other similar isomerides — the lactic acids — had been discovered, J. WisJioonuH, 
in 1873, suggested that isomerism of this kind could be explained only by regarding the 
groups or atoms of these compounds as arranged in space so as to form distinct configurations* 

This isomerism in space (stereoisommsm) was explained by van T Hoff and Lo Pel 
(1874), independently, by means of the hypothesis of tho asymmetric carbon atom* Tho 
starting-point of tins hypothesis was Kekul 6 ’s idea (1867) of rcgai’ding, lor tho sake of 
convenience, the carbon atom as situated at the centre of a regular tetrahedron, and its 
four affimties as directed towards the four vertices, i,e, arranged homogeneously in s^iaec 
(Figs. 22, 23). If these affinities are satisfied at the vertices by monovalent atoms <n 
atomic groups, the following cases present themselves no isomerism is possible in the com- 
pounds Ca^ h, 0% Oa^ he, and Ga 62 c, where a, h, and c indicato either atoms other than 
carbon or groups of atoms (I, H, OH, &o.) ; tiie compound OH 2 I 2 cHsts in only one form, 
and if we put the four atoms (Hg and I^) at tire apices of the carbon tetrahedron, no matter 
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Ilow tlieir positions may be clianged, it is not possible to find two different, i,e, non -super- 
posable arrangements. If, however, the four groups or atoms combined with the carbon 
atom are all diherent, e.g. Cdbcd, two isomerides are possible and in this case the carbon 
atom is termed asymmetric; in fact, if these atoms or groups are arranged, in one case, 
so that the circle a, c has a sense opposite to that in which the hands of a clock move 
(Fig. 24, I) (called, therefore, dextro-rotatory isomerideSf and indicated by d- or by the 
sign -p ) and, in the other, in the opposite sense (Fig. 25 II) (termed Icevo-rotatory isomerides^ 
like levulose and mdicated by I- or — ), two non-congruent configurations are obtained ; 
these cannot be superposed, one on the other, so that the same groups occufiy the same 
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positions in. the two cases. These two figures represent two different isomerides and 
are related m the same way as an object to its mirror -image or as the left hand to the 
right. This isomerism is called enantiomorphism. 

These two different arrangements of the atoms round the asymmetric carbon atom 
also explain how it is that when polarised light traverses these molecules, its plane 
of polarisation is rotated, in one case to the right and in the other to the left. Van ’t 
Hoff and Le Bel pushed their deductions still further, and showed that the dextro -optical 
deviation should be numerically equal to the Isevo -optical deviation of the corresponding 
isomerido. This has been con&med practically, and it also follows that when a pair of 
such isomerides are mixed in equal proportions, there should result an optically neutral 
mixture, thus giving rise to a special mactive or racemic isomeride. A substance with 
only one asymmetric carbon atom always gives three stereoisomer ides (for example, three 
lactic acids). 

It has also been deduced theoretically and proved practically that all optically active 
compounds contain at least one asymmetric carbon atom,^ although not all compounds 
containing asymmetric carbon atoms are optically active, since the molecules may contain 
groups which neutralise each other’s activity. 

Many examples illustrating these principles will be discussed later in the special part 
of this book ; meanwhile mention may be made of the most important of these com- 



Fig. 26. Fig. 27. Fig. 28. 


pounds : leucine, asparagine, coniine, the lactic acids (hydroxypropionic acids), &c., which 
contain one asymmetric carbon atom and give, in each case, three stereoisomer ides. 

These cases of stereoisomerism, and those which follow, will be understood more 
easily if studied by means of cardboard tetrahedra with differently coloured vertices. 

When the substance contains two asymmetric carbon atoms, the number of stereo- 
isomerides increases as follows ; 

If we take two tetrahedra like that shown in Fig. 26 I and Fig. 28 II, representing 
two similar molecules containing only one asymmetric carbon atom in which the groups 

1 Or else an asymmetric atom of nitrogen {zm later) or snlphtir, tin, &c. Tlie exceptions to this rule are very 
rare and uncertain, one of the cases most discussed during recent times (1909-1910) being 1-methylcyclohexylidene- 
i-apetic add, whmh does not appear to contain an asymmetric carbon atom, but is optically active. 
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a, b, and c, satisfying three of the valencies, arc arranged in a dcxiro-T'otaiory and 
superpose one tetrahedron on the other, so that the free valencicH satisfy one anothen*, 
there results a new isomcride, i.e. a molecule with two dextro-rotatory asymmet ric^ earbon 
atoms, as shown in Figs. 27 and 29.^ 

If we join two Igevorotatory carbon atoms (Fig. 28 II), that is, the mirror imag(‘s 
of Fig. 26 I, a igevo -rotatory isomerido (Fig. 30 II) is obtained. 

Finally, if one dextro-rotatory (Fig. 26 I) and one Lie vo -rotatory asymnu^irie carbon 
atom (Fig. 28 11) are united, a third stercoisomondc is obtained, whiclx is pt^rmam^ntly 
optically inactive (Fig. 31 III), the effect produced on polarised light by one asymm(‘trie 
carbon atom being destroyed by the effect of the other. 



1 n Hi 

Fia. 29. Fia. 30. Fra. 31. 


In order to understand these stereochemical speculations bi'tter, W(‘ will apply iluun 
to the isomerism of tartaric acid, which has the formula C^HeOo, and eontains two asym- 
metric carbon atoms (marked with asterisks) to which arc jointed the groups OH, 
and H : 

CO 2 H 

I H 

' H 
CO 2 H 

If, for the letters a, 1, and c of the tetrahedra considered above, we subsl.it uic^ th(' 
groups OH, CO 2 H, and H, and if the tetrahedron of Fig. 26 T (which w<^ will call 4 J) 

be represented as if projected on to a plane, thus: a — C — c or OH-O-'-H (dc^xtro- 

II 

rotatory), and that of Fig. 28 II ( — A), thus: c — C — a or H — C— OH (hwo -rotatory), 

I / I / 

6 COjH 

we arrive at the following stereoisomerides of tartaric acid ; 

I, By joining two + A atoms, we get i^-tartario acid (Fig. 29 or 32 I), 
n. By joining two - A atoms, wo get Z-tartaric acid (Fig, 30 or 32 11). 

III. By joining one + A atom with one -A atom, we have the permanently inactive 
mesotartario acid (i-tartaric acid), as can be seen in Fig. 31 III, or 32 III. 

IV. By mixing, mechanically, equal parts of acid I (+) and XI (-), there results 
racemic acid, apparently inactive, but from which, by mechanical means (by hand with 
the aid of a lens), the two forms of crystals can be separated. 

It is often assumed that the two asymmetric carbon atoms can rotate independently, 
on the common axis joining them,, so that if the groups of one asymmetric carbon atom 
exert an attraction or influence on those of the other, a most favourable poeition could 
be attained, a chemical reaction being sometimes possible between one group and another 

, * IiooMng at the order in which the letters a, 6, and c come in the two wjJ^mmetric carbon atoms, It would seem 

these are not dextro-rotatory, but this is beoatise the upper carbon atom has been turned through WO*' from 
its position In Fig. 28 ; U itn base is brought down, its identity with the other dextro-rotatory atom becomes 
evident. 
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witli separation of, say, water and loss of the freedom of rotation ; to the new isomerism 
thus created we shall refer shortly. 

STEREOISOMERISM IN DERIVATIVES WITH DOUBLY LINKED CARBON 
(ALLOISOMERISM). By means of the tetrahedra, we can show a double linking between 
two carbon atoms by arranging one side of one tetrahedron (carbon atom) in contact 
with a side of the other (Fig. 33). 

With such an arrangement, even without asymmetric carbon atoms, isomerism is 
possible. In fact, a compound forms the following isomerides : ( 1 ) that 




Fig. 32. 


Fig. 33. 



Fig. 34. Fig. 35. 


shown in Fig. 34, where the two similar atoms or groups of atoms, e.g, a and a, although 

cb — C — b 

united to two different carbon atoms, occupy adjacent positions : || , or c^ 5 -positions 

cb — C — 6 

{cis-isomerism) ; such a molecule exhibits 'plane-symmetri/, the two pairs of similar groups 
lying to the left and right, respectively, of the perpendicular plane containing the common 
side (double linking) ; (2) that shown in Fig. 35, where two similar groups occupy non- 

a—Q—h 

adjacent or diagonally opposite or ^ra^is-positions 1 | , this form exhibiting centro-- 

h — C — a 


symmetry. 


Similarly, a compound of the type, ^)>0=:=C<;?, forms two isomerides, the m-form, 

c 0 


a — C — b a — C — 6 

jl , and the ^m?^ 5 -form, || 

a — C — c c — C — a 




The best illustration of this type of isomerism is afforded by the two isomerides : 
malew acid (c^s-form, Fig. 36) Bsxd fumaric acid {trans-iorm. Fig. 37). 

From these figures it is seen that tho'as-form, maleic acid, should lend itself to the 
ready formation of anhydrides (condensation of two molecules or acid groups with separa- 
tion of one molecule of water), since the two acid groups, CO 2 H, are very near to one 
another, and it is, indeed, found that maleic acid easily gives an anhydride with separation 
of one molecule of water (Fig. 38), whilst no anhydride of fumaric acid is known. 

Isomerism of this kind is exhibited by various substances, e,g^ crotomc and isocrotonic 
acids (CH 3 • CH : CH* OOOH) ; mesaconio and citraconic acids [CH 3 * O(COOH) : CH* COOH], 
&;c. 

B^eyer found that cases of isomerism similar to those just described occur also with 
cyclic compounds (see Part JII), i,e, closed-chain compounds with simple linkings between 
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the carbon atoms. He distmguisbcs wiili the sign T compounds eontainiug as,vni- 
metric carbon (absolute asymmetry)^ adding the sign -i- or - if tlxi compound is optically 
active ; while he gives the name relative asymmetry to that shown by Cionipounds with 
doubly linked carbon atoms (alloisomerism) or by cyclic compounds with siin])lcs linkings, 
the term cis or traus being added to the T. Thus, to the name t,artai‘ie. a(‘id would b(‘ 
added the sign T-p or T- according as the acid is dextro- or lawo-rotatory, and to 
the name maleic acid to fumaric acid &g. 

STEREOISOMERISM OF NITROGEN. Lc Bel atiempied to (‘xplain th(‘ isonnnism 
of certain nitrogen compounds {e,g, mothyl-cthyl-propyl-isobutyl-ammonium chloridi^) 
by assuming absolute asymmetry for the nitrogen atom. A more plmisibh^ ('Xjilanation 
seems, however, to be afforded by the idea of relative asymmetry of t.hc nitrogc'n, analogous 
to that of carbon atoms when united by double linking ; in this way V. Hani'/seii, 

Werner, and others easily explained the isomerism of the oximc'S, hydroxamii^ insds, 

Cab 

phenylhydrazones, &;c. In general, a substance of the constitution (| should giv(^ Uvo 

N c 


isomeridcs which can be represented as shown in Fig. 39 ; the ^yw-scrics (Fig. 39 I) and 



the aw-^^-sorios (Fig. 30 IT). 

These investigators also st.udital those. t^as(‘s 
of isomerism in which the niirogim b(hav(‘H as 
a pontavalent clernont. 

SEPARATION AND TRANSFORMA. 
TION OF STEREOISOMERIDES* Htt^rvo. 
isomcrides and, in gemn^al, compounds cont ain- 


ing asymmetric carbon atoms, when 

^ ^ ^ ^ artificially in the laboratory from imuh-iv(^ 

H 11 substances, are inactive, th(^ racemic, configimi^ 

<; — jsf ^ ^ iion, composed of a mixture of tlu^ optical 

Pig. 39. antipodes in equal quantities, Ixu’ng fonm^d. 


When, however, those substances arcs (‘labo- 
rated in the animal or vegetable organism, they are usually optically active^. 

The transformation of one of these optical antipodes into the otlun’ corresponding with 
it may sometimes be effected by passing through halogen derivatives, sc^paraiiou of the 
halogen from which results in the formation of the isomerido of oppoHit(» optical acstivity. 
The separation of the antipodes, or of one of them, from th(^ 3 ’acemic isomeridi* was 


carried out by Pasteur (1848) in various ways. The following arc^ iho nu^iiods uH<‘d at 
the present time : 

(1) By fractional crystallisation (see above) of the racemic isomoridc'S or of soiut^ of 
their salts at various temperatures and from various solvent»s, the antipodes can bt^ 
rated directly or else they crystallise in hcmihedral forms wliiih can b('. nnulily sc^paratc^L 
For some substances, it is convenient to prepare compounds with alkaloids (optically active^ 
basic compounds, e.g. strychnine, cinchonine, &c.), which, even wlicn ihe^ do not form 
well-defined hemihedral crystals, can bo easily separated by fractional crystal lisatiion. 

(2) By means of enzyme action (nialtase, emulsin, &c. ; section on Fc^rnn^nlat loii), 
Fischer succeeded in resolving certain racomio glueosidiis. Much earlier than this, 
Pasteur discovered that certain bacteria or moulds {PenicUUum glaucnm^ <fec, ) arc^ ctapabk^ 
of developing in a solution of the racemic substance at the expense of on(^ of the optical 
antipodes, the other being left unchanged. This phenomenon is explained by t!i(^ facst 
that bacteria owe their activity to certain substances wliich they produce (enzymes), 
and which are optically active and behave analogously to optically aedive Holvimts. 
Indeed, in many cases, stereoisomeric antipodes are separated by virtue of their difleront 
solubilities in an optically active solvent. 

(3) With certain racemic compounds, the antipodes are separated by taking advantage 
of their different velocities of esterification in presence of an optically active alcohol ; 
e.g, for racemic mandelic acid, menthol (which is an active alcohol) is UH<''.d, For inaotivci 
alcohols, the velocity of esterification is the same for the two antipodoH composing the 
racemic compound. 

(4) When an optically active substance is heated within certain definite limits of 
temperature (transformation point, see vol, i, p. 190), it is often converted, to the extent 
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of ono-half, into the oppositely actire isomeride, so that an inactive mixture (racemic 
compound) is obtained ; this takes place readily, for example, with the lactic acids. 
Above the transformation point the racemic substance may form inseparable mixed 
crystals {see vol. i, p. Ill), the substance being then called pseudo-racemic. On the other 
hand, it has been shown that, with certain halogenated compounds, the transformation 
occurs even at ordinary temperatures, but with a minimum velocity ; thus, with isobutyl 
bromopropionate, about three years is required. 

(5) R. Stoermer (1909) found that the more stable form with the higher melting-point 
is often converted into the more labile form by means of the ultra-violet rays. 


HOMOLOGY AND ISOLOGY 

Turning to the more simple compounds, those formed from only carbon 
and hydrogen, we can easily see what procedure is necessary to arrive at 
those containing longer and more complex chains of carbon atoms. If we 
start from the most simple compound, methane (or marsh gas), CH4, we can 
substitute an atom of hydrogen in it by other elements or even condense two 
of the monovalent CH3 residues into one compound, CH3*CH3, thus obtaining 
ethane (C2Hg). But in this compound we can also replace an atom of hydrogen 
by another — CHg residue, forming propane, CH3 — CHg — CHg or CgHg, and 
by continuing this process we arrive at butane, CH3 — CHg — CHg — CH3, i.e. 
O4H, ) ; pentane, O5H12 ; hexane, C6H14, &c. 

All the compounds of this series have analogous structures and have also 
many analogous chemical and physical properties ; such a series is called a 
homologous series. 

This series of the derivatives of methane can be represented by the general 
formula ®^<3h term being the higher or lower homologue of the pre- 

ceding or following term and differing from it by having one CH2 complex 
more or less. If in all the simple compounds of this homologous series of 
methane we replace successively one hydrogen atom of the CH3 group by the 
hydroxyl residue OH (characteristic of the alcohols) we obtain a homologous 
series of alcohols : CH3OH, methyl alcohol; O2H5OH, ethyl alcohol, &c., and 
similar series can be obtained of aldehydes, acids, chloro-derivatives, &c. 

The homologous compounds of each of these series differ always by CHg 
or by a multiple of it. ^ ^ ... 

There are also other series with chains containing double linkings {^.e, 
compounds not completely saturated), and these unsaturated series are termed 
isologous with respect to the first, and, for an equal number of carbon atoms, 
they contain less hydrogen (C«H2« or even C^H2«„2)* 

Thus, ethane is isologous to the two-carbon-atom compounds of the 
unsaturated series, CH2==CH2 (ethylene) and CH— OH (acetylene), &c. 

Homology is deteraiined by the tetra valency of carbon, and in consequence 
the total number of hydrogen atoms in these compounds (hydrocarbons) is 
always even, i.e. divisible by two, and, if any of the ^ hydrogen atoms 
are replaced by other elements, the sum of the atoms with odd valencies 
( 01 , P, N, As), and of the remaining hydrogen atoms should^always give an 
even number. 

PHYSICAL PROPERTIES OF ORGANIC SUBSTANCES IN RELATION 
TO COMPOSITION AND CHEMICAL CONSTITUTION 

In many cases, certain physical properties are either common to whole 
groups of homologous or isomeric substances, or else vary gradually with 
change of chemical composition. So that the physical properties often con- 
tribute to the establishment of the true chemical constitutions of organic 
substances. 
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CRYSTALLINE FORM. Tho crystalline form of an organic compound jh of con- 
siderable importance, since it often servos to distinguish clearly and accurately b(‘.twcon 
two compounds. Two isomeric substances have often diHeront crystalline forms. 

There are, however, numerous cases of dimorphism or polymorpMsm {see vol. i), onti 
of the forms always being more stable than the others. 

We have already considered the relations existing between the crystallhu* form and 
chemical constitution in those stereoisomcridcs differing only by tho enantiomorpfmm 
of their crystals. 

P. Groth has discovered also the law of morpkotropy, according to which a n^gu lar 
change is produced in the crystalline form of compounds by gradual subBtitution with 
new atoms or groups. 

The relations between the crystalline forms and tho chemical constitutionH of sub- 
stances have as yet, however, been little studied. 

SOLUBILITY. The hydrocarbons and their substitution derivativoH are but slightly 
or not at all soluble in water, but are almost all soluble in ether and in alcohol. Of 
alcohols, the acids, and the aldehydes, the first terms of every homologous s('-ri<is are 
soluble in water, the solubility gradually decreasing as tho nuinbiT of carbon atoms in 
the molecule increases; these compounds are, however, relatively readily soluble in 
alcohol or ether. The polyhydric alcohols (glycerol, mannitol, an^, however, soluble 
in water, but not in ether. 


The compounds of the aromatic series are, m general, rather less soluble in alcohol 
and in water than the corresponding compounds of the fatty series. 

In contact with two solvents which do not mix {see vol. i, p. 90), a substamuj dis- 
solves in them both in a constant ratio, independent of tho relative volunu^s of the twr) 
solvents, butdependmg on the concentration and on the temperature ; thus, in w^parating 
by means of ether a compound dissolved in water, a bettor and morc^ rapid n^suH, is 
obtained by shaking many times with a little ether each time than by using fewer but 
larger, quantities of ether. * 


Of two isomerides, that with the lower melting-point is tho more soluble, 

SPECIFIC GRAVITY. Isomeric compounds have different specific graviti(is, but 
with the normal hydrocarbons (C„H 2,,4 2)9 the values approach one another as thenumlx^r 
of carbon atoms increases : at about Ci 6 H :34 and for higher torims, the spcKiifie gravity 
becomes about 0*78. The specific gravity of the naonobasic fatty acids is great<u‘ than 
1 for the first terms of the series, but it diminishes with augmentation of iho number of 
carbon atoms in the molecule. 

MOLECULAR VOLUME. It was thought for many years that certain important 
rules could be deduced from the molecidar volumes of organic oonnKmnds, that is, from 
the quotients, M/P, obtained by dividing the molecular weights (M) bv the s'lKU'ifie 
gravities (P). ' ^ 

■ In 1842 Kopp had found that, for liquids at tho boiling-point, the molecular volume 
B very approximately equal to tho aum of tho atomic volumes of the component elements. 
hOT homologous compounds, the molecular volume increases by about 22 for every added 
CHg group. More recent studies (Lessen, R. Schiff, Horstinann, Traube, show 
however, that these regularities are only relative and that isomeric compounds do not 
possess equal molecular vdumes. In unsaturatod series, every double linking inoreuscH tho 
molecular volume and, ^th closod-ohain compounds, the molecular volume is loss than 
those of the corresponding open-chain compounds with double linkings. So that in 
general, the mo ecular volume depends not only on additive factors (c.g the sum of tho 
atomic volumes), but also on conahtvtive factors (difleront linkings between tho carbon 

is°“erides, that with tho more syminetrical structuro 
has the lugher melting-point. The members of a series have varying melting 00 ^ 

dirfpl carbon atoms having lower melting-points than those imme- 

diately below them with even numbers. There are, in addition, other loss important 
r^es, but all present exceptions. A mixture of two substances, in suitable proportions 

BOILING-POINT. :fa compounds of the same series, tho boiling-point rises with 
increase of molecular weight, the amount of the inoreas© being about 20* per CH^ in tho 
methyl alcohol or formic acid series and about 30* fdr benJe dorivaLrwiK^^ 
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groups in the nucleus. The boiling-points of isologous hydrocarbons, that is, those of 
the same number of carbon atoms but of different senes (derivatives of methane, ethylene, 
and acetylene) are very close to one another. 

Of the isomeric compounds of the aliphatic series, the normal one boils at the highest 
temperature and the boilmg-point is increasingly lowered by increase in the branchings. 

The substitution of hydrogen by halogens and by hydroxyl groups raises the boiling- 
point. The ethers boil at lower temperatures than the correspondmg isomeric alcohols, 
HEAT OF COMBUSTION AND HEAT OF FORMATION FROM THE ELEMENTS 
{see Tol. i, pp. 60, 109, 372), The Hess-Berthelot law states that the difference between 
the heats of corrib'ustion of two equivalent chemical systems is equal to the heat, developed in the 
transformation of one system into the other ^ that is, is equal to the heat of formation from 
the elements of this latter. In general, we can hence calculate the heat of formation from 
its elements of an organic compound by subtracting its heat of combustion from the sum 
of the heats of combustion of the elements composing it. As an example : the heat of 
combustion of methane, CH4, at constant volume is 211,900 cals. ; the heat of combustion 
of carbon (C + O2 = CO2) being 97,000 cals, and that of hydrogen (Hg + 0 = H^O) 
68,400 cals,, the complete combustion of methane is given by the following equation : 
CH4 + 2O2 = CO2 + 2H2U = 97,000 -f (2 X 68,400) = 233,800 cals., the sum of the 
heats of combustion of the component elements of methane. The heat of formation of 
methane will then be given by : 233,800 — 211,900 = 21,900 cals., which also represents 
the heat necessary to resolve methane into its elements in order to initiate its combustion. 
The heat of combustion of ethyl alcohol being 340,000 cals., that of acetic acid 210,000, 
and that of ethyl acetate 554,000, the heat of formation of the last named from the jSrst 
two will be • 340,000 + 210,000 - 654,000 «= - 4000 cals. 

In the analogous paraffin and olefine series, a difference of CH2 corresponds with a 
variation of 1 50, OOO-l 60,000 cals, in the molecular heat of combustion. 

The heats of combustion of isomeric compounds are equal, if they are chemically 
similar, for example, methyl acetate {CH3-C02CH3) and ethyl formate (H-C02C2H5), 
but different if the compounds are of different molecular character (for example, aUyl 
alcohol, CH2 : CH’CHg' OH, and acetone, CH^’CC CH^), compounds with multiple 
linkmg in the fatty series havmg higher heats of combustion than the corresponding 
cyclic isomerides. 

These calculations are also of importance for the evaluation of the energy produced in 
organisms by the transformations of various foods (^ee also later in the section on 
Explosives^). 

HEAT OF NEUTRALISATION. With the organic acids this is the same for all, 
namely, 13,700 cals. (5ee vol. i, p. 97), as long as the resulting salts are not decomposed 
by water ; with the phenols (cyclic compounds containing OH) the heat of neutralisation 
is about One-half the above value, or more if the acid character is intensified by the 
presence of the NO2 group ; with the alcohols it is almost zero, 

‘ The following are the heats of forimtwn from the elements of certain organic compounds, expressed in large 
calories per gramme-molecule : 

Naphthalene, CioHa • solid . . . -42 Cals. Methyl alcohol, OHaOH ; liquid . . 62 Cals, 

Nitronaphfchalene, OioHyNOs : solid . —14 7 „ Ethyl alcohol, C^HbOH : liquid . , 70*6 „ 

Dinitronaphthalene, CiftH4(N02)i : solid -67,, Phenol, C«HsOE : liquid . . . 34*5 „ 

Trimtronaphthalene, OioKsCNOOa solid. 3-S „ Tnnitrophenol (picric acid), CeHj0E(NO2)a 

Acetylene, OjHa : gas .... — 61'4 solid. 49'1 „ 

Ethylene CaHi • SSI'S , . . , — 15 4 „ Sodium picrate, 0aH20Na(N08)8 : solid 117*5 „ 

BenaenejC^Ha : gas . . . . — 10 2 ,, Ammonium picrate, solid . . . 80*1 ,, 

Nitrobenzene, CbHsNOb : liquid , , 4*2 „ Tifw //> rr s / 8^® • • • . 65 3 „ 

Binitrobenzene, OeH^CNOala : solid . 12-7 „ liquid. . . . 72 „ 

Mannitol, CeHuO« * solid . . . 320 „ Glycerol, C8Hi»(OB[)j : liquid . . . 165*6 „ 

Nitromannitol, CaHjNeOia : solid . . 179*1 „ Tnnitroglycerol, 0sK,(0N02)8 : liquid , 196 

Mercury fulminate, CaNjOaHg ; solid . -62-9 „ Cellulose (cotton), CgHioOs : solid . . 227 „ 

Anthracene, Cl * solid . . . — 42 4.,, Nitrocellulose, solid , . 624r-696-706 „ 

and the Jmts of comhustwn of various organic compounds are as follow . ethyl alcohol, 340 cals. ; methyl 
alcohol, 182*2 ; mannitol, 727 ; cellulose, 680 ; terephthalic acid, 771 ; diphenyl, 1494 , cane sugar, 1355 ; acetic 
acid, 210; benzoic acid, 772 ; ethyl acetate, 554; urea, 162; benzene, 779 8; dihydrobenzene, 848; tetra- 
hydrobenzene, 892; toluene, 933 ; hexane, 991-2 ; methane, 211'9 ; ethane, 3704 ; propane, 529 '2 ; trimethyl- 
methane, 687-2 ; ethylene, 3334 ; propylene, 492*7 ; trimethylene, 499-4 ; isobutylene, 650*6 ; methyl cldoxide, 
164*7 ; ethyl chloride, 821-9 ; propyl chloride, 480 2 ; chloroform, 70-5 ; dinitrobenzene ( 0 -, m-, and p-), about 
700 ; trimtrobenzene, 666 — 681 ; succinic acid, 357 ; azelaic acid, 1141 ; eracie acid, 8297 ; tribrassidinic acid, 
10,286 ; gluco&e, 674 ; oxalic acid, 60-2 ; formie acid, 62-8 ; hydrocyanic acid, 152-3 ; naphthalene, 1233*6 ; 
phemd^yss; pyxogallol, 639. 
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OPTICAL PROPERTIES. (1) Colour. Tho majority of organio coiiipoiiuds an- 
colourless, but if they contain iodine or the nitro-group or doubly liiilced nitrogen atoms 
(_N=N— ), or two oxygen atoms directly united, they arc generally coloured, espeoially 

ill the aromatic series. 

In the section on Dyes are given detailed, illustrations of iho roHRW'kablt' TC'Ialioiis 
between the chemical constitution of organic compounds and their colour. ^ 

(2) Refraction. This is the deviation produced in tho dircciiou of a ray of ligld. 
(homogeneous ; for example, sodium light) on passing through a transparent Inpiid, an<l 
varies with the substance. The index of refraction n varies with the tx*nip(‘ratnr(‘, a.n(l 
hence with the specific gravity {d) of tho substance. The relation b(‘tw(*en ih(‘S(5 Iavo 

values which gives tho refraction constant R (or specific refractivlty) is : h, 

which is almost independent of the temperature. By multiplying by tlu^ mol(‘c.uIa.r 

P 


weight P, the molecular refraction is obtained : 3f 


+ 2 d 


, tin's b('ing consiant for 


true isomerides and changing by a constant amount for a consiant (hanger in th<' 
composition. 

The molecular refraction of a compound is approximately equal to the sum of the 
elementary atomic refractions, but here double and triple linkings hav('< an iniliKunus so 
that these can bo detected in an organic compound by means of the refracilou (tnu^ double 
linkings of the aliphatic series are often distinguished in this way from eyttlie linkings 
of benzene). 

(3) Polarised Light. Owing to the importance of this plu^nomcmon for wlioI(» groups 
of organic substances, it will be useful to recall briefly in a not(^^ tho fTindanu^nial ick^as 
on polarised light. 


^ The luminous waves of white light are propagated in the cosmic ether with a velocit y of about 900,000 kilo- 
metres per second, and there are physical instruments which admit of tho lUoasuK'mcnt of the time for 

ray of light to traverse a few metres; indeed, Foucault measure' t 
the time taken by light to pass over a distance of 120 metres. | j 

By studying the phenomena of interference of light rays, it 
can bo shown that the vibrations of the ether In them are not 
longitudinal, i.e along the direction of propagation of tho ray. 
but that the ether particles vibrate in all directions in a plane* 
perpendicular to tho direction of the ray (a transverse soot Jon 
of a ray is shown in Fig. 40), whilst the propagation of sound 
is effected by means of longitudinal vibrations in the direction 
of the path traversed by the sound. 

A ray that enters a Hijuidora non-crystallmesolid,or a crystal of tho regular 
system (cube or octahedron) gives only one refracted ray; when it enters a 
crystal of the rhomboh^dral svstemi two refracted rays are formed, one extra- 
ordinary and the other ordinary ; when a ray enters a crystal of any other sysiom, 
two refracted rays are formed, hut these rays both behave like the extraordinary 
ray, and, like tho latter, they do not obey the laws of refraction, according to 
which an incident ray, perpendicular to a medium with parallel faces, should not 
be deviated or refracted. 

If a ray of light, J i (Fig, 41) strikes a rhombohedral crystal of Iceland spar 
perpendicularly to the face AB CD} the ray divides into two. The one, ioO, 
continues in the same direction, the other, 4<i, is deviated, but when it emerges ^ 

from the crystal assumes the direction eB, parallel to the original direction. The IMd. 4 1 . 

two parallel rays leaving the crystal have equal luminositieB. but o 0 follows tho 

ordinary laws of refraction {yUe 
Bwpra) and is called tho ordinary 
ray, whilst the other, e M, does not 
obey those laws and is termed the 
extraordinary ray. 

If tho crystal is rotated about 
the incident ray Jim an imaginary 
axis, tho position of the ray o 0 does 
not change, whilst tho ray § M moves 
in the sense in which the crystal i« 
rotated, The extraordinary ray I 
always lies in the plane of the principal axis of the crystal B JP, which passes through the principal axis of the crystal 

5 0 and is parallel to it. These two rays emerging from the crystal have, however, properties different from those 
of the incident my Ji; in fact, if either of the two refracted rays (eBoto 0) is passed Into a second rhombohodron 
of Iceland spar, two new rays (doable refracUon) are obtained, but the intensities of the two rays vary according 
to the relative positions of the two crystals. Thus, if a ray emerging from the first crystal passes perpendicularly 
into the second crystal, the principal section of which is parallel to that of the first, no double refraction Is observed, 
only one ray leaving the second crystal (s in Fig. 42, the second hypothetical ray n not being visible and markifd 
black in the figure). If, however, the second crystal is rotated round the imaginary axis, o 0, a second ray (extra- 
ordinary) suddenly appears, i.e. double refraction takes place, and whilst the luminosity of the^new ray InorcaFCa, 
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Those organic substances are called <yptically active which rotate the plane of polarised 
light. Some substances are optically active m the crystailme state (not in the amorphous 
state or in solution), and hence the action on polarised light is due in these cases to the 
peculiar arrangement of the molecules ; very few are active in both the crystailme and 
amorphous states, the majority exhibiting activity only in a dissolved condition (sugars, 
(fee.), where the phenomenon depends on the arrangement of the atoms or groups of atoms 
in the molecule. This holds also for camphor and oil of turpentine, which are active even 
in the form of vapour. 

The longer the layer il) and the greater the concentration of the solution {f ~ grammes 
of dissolved substance in 100 of solution) traversed by the polarised light, the greater 
will be the rotation of the plane of polarisation. Referring the observed rotation a to a 
length of 10 cm. of a solution containing 1 grm. of pure substance in 1 c.c. ( = pc?/100, 
where d is the specific gravity of the solution), we get the specific Totatory pow&r of the 
solution for the yellow sodium light (I) line of the spectrum ^) by means of the following 


formula : 


100 g 

I* d* p 


Tor active liquid substances examined without solvent, 


[a]n = molecular rotation (for a molecular weight M) is given by : [M] = • 

For a definite solvent and given concentration and temperature, every active substance 
(and such arc almost all those containing asymmetric carbon, see p. 26) has a constant and 
characteristic specific rotatory power, either to the right ( + ) or to the left ( -- ). This 
varies with the nature and degree of electrolytic dissociation of the solvent, and increases 
with dilution and diminishes with rise of temperature ; for purposes of comparison, it is 
usually determined at 20°, and is then mdicated thus : [a] d* By repeating the determina- 
tions and using moderately high concentrations, the influence due to the solvent is deter- 
mined and, on subtracting this, the true specific rotation is obtained. Freshly prepared 
solutions of certain sugars exhibit the phenomenon of muta-rotation, which, however, 
disappears after a time or on boiling the liquid, the normal rotation then being 
given. 

This important property of optically active compounds is studied by means of special 
apparatus termed polarimeters, which are used particularly in the analysis of sugars 
(and hence often called saccharimeters), and will bo described in the section dealing with 
this group of substances. 

MAGNETIC ROTATORY POWER. All liquids in a magnetic field produce a greater 
or less rotation of the plane of polarised light, according to their chemical composition 
and in conformity with the laws governing the refractivity of light. In many cases the 
constitution of a substance has been determined or confirmed by determining the 
molecular magnetic rotation. 

ELECTRICAL CONDUCTIVITY. We must refer the reader to the detailed treat- 
ment of electrolytic dissociation and the theory of ions in vol. i (pp. 91 et seq.), as the 
same is directly applicable to organic compounds, especially as regards the conductivity 
of salts, acids, bases, &o. 


that of the first ray becomes weaker and when the principal sections of the two crystals form an angle of 45°, the 
two rays have equal intensities («', n ') ; if the crystal is rotated still more, the extraordinary ray becomes more 
luminous, whilst the first {ord%nary) decreases in luminosity, and when the principal sections are perpendicular to 
one another, the intensity of the ordinary ray («") is zero (^.e. it is not seen), only the extraordinary ray being 
seen with its maximum intensity in"). The light rays emerging from the second rhombohedron are hence 
different from those emerging from the first, these latter not varying in intensity when the prism is rotated, whilst 
the others do so. 

The rays leaving the first prism are called polarised, and are distinguished from ordinary light rays, since, on 
passing through a second prism, they undergo the changes described above. A polarised ray passes as an ord/hnary 
ray through a second rhombohedron only when its plane ofpolarisationiB parallel to the principal section of the new 
rhombohedron It is found, then, that the plane of polarisation of the polarised ordinary ray is perpendicular to 
the plane of polarisation of the extraordinary ray. Hence, the rays E and 0 vibrate in planes perpendicular 
to one another (Iig. 43). 

PoitABiSATiox BY HBraOTioN. Polarised light rays are obtainable, not only by double refraction, but also 
by rpfi&dion under special conditions, namely, when a light ray falls on a plate of glass at an incident angle 
of 54° 35 ^ 

Polarised light is also obtained by simple refraction, by passing a ray of light through a series of superposed 
p^allel plates or sheets of tourmaline. 

> ^ The angle of rotation varies with the length of the light- wave and is greater for violet rays (which have a smaller 
wave-length and afe hence refracted more) and less for red rays (which have a greater wave-length and are hence 
less reCrangible). 
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ORGANIC CHEMISTRY 


CLASSIFICATION OF ORGANIC SUBSTANCES 

These are usually divided into two large series : 

(1) That of the open-chain carbon, compounds ov methane (ierimUves\ teriiu'.d 
also compounds of tho fatty or aliphatic series, as all the fats and nnuiy ol 
derivatives belong here. This series embraces two groups of suhsUuuji^s ; 
that of the saturated compounds or derivatives of the paraffins (('nR 2 « i 2 ) 
that of the unsaturated compounds {olefines, CjiH 2 n dcrivativcis of acetylene, 

CR.n - 2 )- 

(2) That of the closed-chain carbon derivatives, this being subdivid<Mi : 

{a) The isocyclic or carbocyclic compounds, which have the closed <diain 

formed either of nuclei of six carbon atoms with six avaiIal)lo val(ou;i(ns to 
every nucleus (CnHsn-ej benzene derivatives or aromatic compounds) or fr’oin 
nuclei with different numbers of carbon atoms, but more highly hydrog<mai(Ml 
{cycloparaffins, cyclo-olefines, and polymethylene derivatives ) . 

(6) The heterocyclic compounds, the closed chain of whicli contains atoms 
(N, P, S, 0, &c.) other than carbon. 

The hydrogenated compounds of carbon are called hydrocarbons aaid an^ 
termed saturated when the carbon atoms arc joined by single valencies, and 
the other valencies are all satisfied by hydrogen. Those saturat(^d hydi'o- 
carbons cannot combine with a further quantity of hydrogen. 

Hydrocarbons containing carbon atoms united by double or triph^ linkings 
are called unsaturated hydrocarbons, and these can conibitui with furthcsr 
quantities of hydrogen, thus becoming saturated. Other important hydi-o- 
carbons are those with closed chains, which we shall study in Part III of this 
book. 

Usually in homologous series, with increase in the number of carbon atoms, 
the compounds pass from the gaseous to the liquid and solid states ; 
e.g. formic acid, with one carbon atom, is a liquid and boils at Of)®, whiles tlu^ 
homologous acid with six carbon atoms is a solid and boils at over 300®, 


OFFICIAL NOMENCLATURE 


With the continuous development of organic chemistry and the nniltipHcsation of mw 
compounds, the need was often felt for a rational method of naming ooinjxmnds winch 
would facilitate the treatment of these vast numbers of contpounds. And for luw 
nomenclature to be the more efficacious it needed to bo international, bceaust^ tw(‘rywlu^r(^ 
there reigned the greatest confusion in the naming of cliomical oompotinds, this ref tarring 
either to the starting substance or to the new group to which they Ix^longt^d, or to tlu^ 
use for which they were intended, or to the molecular constitution, and so on, ho that 
the same substances often had four or five names. 

In 1892, at an International Convention of Chemists at Genova, a general sysitmi of 
nomenclature of organic compounds was agreed on. This is gradually being introduced 
into chemical literature, and, although not always felicitous, it has helped to simplify tins 
naming of compounds and to reduce the confusion. 

Following only in part the ideas proposed by Kolbo many years b( 3 forc\, the nm 
nomenclature derives the names of all compounds from the names of the fundautenial 
hydrocarbons to which the compounds can be referred, taking into account thc 3 number of 
carbon atoms present as well as the nature of the linking. Thus, to the fundamental 
names of the saturated hydrocarbons : methane, ethane, propane, butane, pentane, 
hexane, heptane, Soo., the addition of the suffix ol indicates the presence of the hydroxyl 
.group —OH, and thus an alcohol, for example, methanol (methyl alcohol), ethanol (ethyl 


alcohol), <feo, ; the suffix al serves to denote the aldehyde group 



thus, e.g. 


methanal = formaldehyde, ethanal ^ acetaldehyde, &c. ; the suffix one indicates the 
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hetonic, group ( — CO — ), tkus, propanone (commonly called acetone), &c. The suffix 
oic is used to indicate the organic acids, which all contam the characteristic cathoxvl 

( \ 

group f — COgH, %.e. — C<f ), and thus we have methanoic (formic) acid, et}iano%c 

acid, propanoic (propionic) acid, butanoic acid, penianoic acid, &c. 

For the uiisaturated doubly linked hydrocarbons the fundamental hydrocarbon 
ethylene is distinguished with the name of ethene, and that with a triple bond between the 
two carbon atoms (acetylene) is called etkine. 

With the saturated hydrocarbons, isomerides with branched chains are referred to the 
normal hydrocarbon {i.e. non-branched) with the longest chain present m the molecule, 
numbering progressively its carbon atoms, starting at the end nearest to the point where 
branching occurs. The name begins with that of the residue of the side-chain,^ then 
follow the successive numbers of the atoms of the normal chain where side-chains join 
on, and finally comes the name of the normal hydrocarbon. 


(1) (2) (3) 

CH3— CH— -CHa 

I 

CH3 

bears the official name methyl-2~propane (some call it propyl-2 -methane), and isopentane. 


(1) (2) (3) (4) 

CHg— CH-— CHs.— CHg 

i 

CHs 

that of methyl-2-butane, &c. 

When there are also secondary ramifications a supplementary numbering is used ; 
thus, with isodecane, 

(1) (2) (3) (4) (5) (6) (7) 


CH3— CHa— CH2— CH— CHa— CH2— CH3 
(41 ) OH— CH3 
<4") (!hs 


the official name would be metho-4^~ethyl-4-heptane. 


^ The names of the hydrocarbon residue^, called also alkyl groups, are formed from the root of the name of the 
corresponding hydrocarbon, with the suffix yl ; thus, with methane corresponds the methyl residue CH3 ; with 
ethane, ethyl, — OaHj ; and then follow pr<ypyl, — OsHt ; bniyl, — C^H#, &c. 



PART IL DERIVATIVES 01^ A1 ETHAN I] 

AA. HYDROCARBONS 

The hydrocarbons form a very large and important groxip of orgiumj 
substances, which are composed only of hydrogen and cai*bon, and give lim 
to other most varied substances by replacement of part or all of the hycli'ogen 
by other elements or groups. 

For the reasons given on p. 28, they are divided into two main groups : 
saturated and unsaturated hydincarbons. 

(a) SATURATED HYDROCARBONS 

These are called saturated because the linkings between tlu) caj'bon atoJUH 
are simple ones and all the valencies are saturated, so that hydi'ogeu, (diloriiu^, 
bromine, iodine, ozone, &c., cannot be added to them ; the halogens do, indeed, 
react with saturated hydrocarbons (fluorine reacts with methane even at 
—187°), but by substitution of the hydrogen atoms. 

They are called also parajfins, since, hke the common solid paralHtis, all 
the saturated hydrocarbons resist, m the cold, the acLion of chromic acid, 
potassium permanganate, and concentrated nitric and suliihuriu acids, and 
are, in general, compounds with an almost indilfereiit chemical ciuu*a<iter. 
In the hot, however, energetic oxidising agents convert them, more or less 
completely, into carbon dioxide and water. 

As a general rule, these hydrocarbons are insoluble in water and only 
some of them dissolve in alcohol, whilst almost all axe soluble in other. 

Of the direct or continuous {normal) and branched (isomeric) open chains^ 
mention has already been made on pp. 15, 10, and 28, and it can be seen how, 
starting from the hydrocarbon, the number of isomerxdes rapidly 

increases : 2 for butane ; 3 for pentane, 0^11x2 ; 0 for hexane, (all 

known) ; while for C12H26 the number theoretically possible is 355 and for 
G13H28, 892, only some of which are, however, known. All the terms of the 
paraj^n series can be represented by the general formula j and 

the tollowmg Table (p. 31) gives the name, formula, boiling-point, and moltiuig- 
point of the principal known paraffins. Iffie official nomenclature is doseribod 
on p. 28. 

The first members of the series are gases, then follow liquids as far as 
C16, and beyond that, solids, the boiling- and melting-points rishig with increase 
ol the molecular weight (see p. 24). 

NATURAL FORMATION AND GENERAL METHODS OF PRO- 
DUCTION. These hydrocarbons, from the lowest gaseous members to the 
highest solid ones (paraffin), occur abundantly as the almost oxclunive com- 
ponents of petroleum (especially that from America), and it is not difficult 
to separate single individuals from these complex mixtures. 

In many natural emanations of infiammable gas, methane and, to some 
extent, ethane are found in large proportions, and the solid hydrocarbons 
occur also in ozokerite {which see). 
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Jhe gaseous, liquid, and solid hydrocarbons are formed abundantly on the 
dry distillation of wood, lignite, bituminous schists, and coal, especially boghead 
and cannel coals which are relatively lich in hydrogen [see Illuminating 


SATURATED HYDROCARBONS, C^H^^ ^ a 
(After hexane, only the normal ones are given) 


Methane 
C2HQ Ethane . 
C3H8 Propane 


C4H10 

C5H12 


mornial 
Usobutane 
rnormal . 
Pentanes j isopentane 
I tertiary , 

( normal . 


dimethyhsopro; 

methane 
dimethylpropyl 
methane 
methyldiethyl 
methane 
trimethylethyl- 
methane 

Heptane 
Octane . 

Nonane . 

Decane . 

Undecano 
Dodecane 
Tridecane 
Tetradecane 
Pontadecane 
Hexadecane 
Heptadeoane 
Ooto decane 
Nonodeoane 
Eicosane 
Heneicosano 
Docosane 
Tricosane 
Tetracosane 
Pentacosane 
Hexacosane 
Heptacosane 
Octocosane 
Hentriacontane 
Dotricontane (Dicetyl) 
Pentatriodntane 
Hexacontane . 


pyl- 


C(iHi4 Hexanes J 


C7Hie 

CsHis 

CsH^o 

C10II22 

Q2H20 

Ql3ll28 

C14H30 

C15H32 

CX6H34 

CX7H36 

C18H38 

C19H40 

^20"H42 

^21^44 

^^22^4,6 

C23H48 

C24H50 

C26H52 

^26H64 

^271^66 

O28H58 

OaiHe^ 

C32H66 

O36H72 

^60^122 


Melting-point 

Boiling-point 

Specific Giavity 

-184^^ 

-164 

D 

0-416 (-164“) 


(760 mm.) 

0-555 




(0°, 760 mm.) 

-172-1“ 

-84*1 

0 

0-446 (0“) 


(749 mm.) 




(0° at 23-8 atm.) 



-46“ 

-44-5 

0 

0-636 


( 0 ° at 5 atnis. ) 

( 0 °, liquid) 

— 

+ 1 “ 


0-600 ( 0 °) 

— 

-17° 


0-6020 ( 0 °) 

- 200 ^ 

+36-3 

0 

0-464 (0“) 

— 

+30-4 

0 

0-622 ■ 


- 20 ° 

4- 9° 





— 

69° 


0-6603 

at 

i 20 ° 

— 

58° 


0-666 ^ 


— 

62° 


0-6766 (0“) 

— 

64° 


0-677 ^ 




49-6 

0 

0-6488 


— 

98-3 

0 

0-683 

at 

r 

— 

125*8° 

0-702 

j2\J 

-51° 

150° 


0-718 


-31° 

173° 


0-7467- 


-26° 

196° 


0-758L 


- 12 ° 

215° 


0-7684' 


- 6 ° 

234° 


0-776 


+ 4° 

252° 


0-776 


4 - 10 ° 

270° 


0-776 


18° 

287° 


0-775 


22 ° 

303° 


0-777 


28° 

317° 


0-777 


32° 

330° 


0-777 

ft 

37° 

205°^ 


0-778 


40° 

215° 


0-778 

i 

44° 

224° 

© 

0-778 

a 

48° 

234° 

p 

cr 

0-779 


51° 

243° 

m 

0 

0-779 

-P 

53-5° 



A 



d 

58° 

— 

rj 

— 


60° 

270° 

P 

10 

0-780 


60° 

— 

rH 

— 


68° 

302° 

ce 

0-781 


70° 

310° 


0*781 


76° 

331°j 


0-782 / 


101° 

— 


— 
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Gas) ; also when petroleum residues arc strongly heated uiuUn’ prcNssiin^ 
{cracking), hydrocarbons similar to petroleum and also gaseous (>n(\s a,i‘e 
formed. 

Of the numerous synthetical methods of preparation of the sai'Urat(‘d 
hydrocarbons, the following more important ones may be mentioned : 

(а) Any member of tho series can bo obtained by reducing tlici iuilogen d<‘rivaifiv(‘H 
of the hydrocarbon (obtained from tho alcohols and the halogen liytlraeids) by nn'aiis of 
nascent hydrogen (generated by sodium amalgam, or by a solution ot sodium m absolutes 
alcohol, or by zinc and hydrochloric acid, or by heating zinc and water at- lb(i ) or by 
hydriodic acid, especially in tho presence of red phosphorus (which transforms thc‘ iodim^ 
into hydriodic acid): C2H5I 4 - H2 = HI 4 - C2H6 ; C2H.5I 4 - HI =-- + t'abo {^cc labh' 
of the halogen derivatives of the hydrocarbons). 

(б) The alcohols give paraffins on being heated with hydriodic acid : 

C2H5.OH 4- 2HI - HgO 4- I2 + OgHc. 

(c) By the interaction of zinc alkyls and water : 

Zn(C2H6)2 4- 2H2O - 2n(OH)2 4- 

(d) From unsaturated hydrocarbons by tho action of hydrogen, e,g. by heating acietyh'iu^ 
and hydrogen at 400 *~ 500 °, or in presence of platinum -black, 

(e) By eliminating a molecule of carbon dioxide from the organic acids and salt-s by 
heating with soda-lime or sodium alkoxide : 

CHa-COOhTa (sodium acetate) + NaOH ~ Na2003 f OH4. 

(/) By the action of sodium or of zinc on tho zinc alkyls or alkyl iodides in < 4 h(‘r(‘al 
solution in a closed tube (Wurtz), two alkyl groups, oven differemt ones, being comh^nHCHl ; 

(1) 2CH3I 4- Nag - 2NaI 4- OgHg. 

(2) CgHgl 4- C^Hgl 4- Nag = 2NaI 4- OgH^-C^Hg. 

(3) 2CH3I -f Zn(CH3)2 - Znlg 4- 

{g) During the last few years it has been shown that magnesium is tnucjh more active 
than zinc in many organic synthesos {see later, Grignard Reaction), and with alkyl itKlick^s 
dissolved in absolute ether, magnesium forms magnesium alkyl salts whic.lu on decompemi- 
tion by means of water or dilute acid or ammonia with solid ammonium (ddoruhu yield 
the saturated hydrocarbons : CgHsI 4- Mg =■ CgJHfiMgl, and this 4“ HgO -f 

Mg(OH)L In part, however, tho magnesium fixes tho halogen, and then two alkyl 
residues condense, forming a hydrocarbon of double the number of carbon atoms ; 

2C2H3I 4 - Mg == Mgig 4 - OAo. 

(h) Sabatier and Senderena' catalytic process, for which see pp. S 4 and 51 ). 

{i) By electrolysing acetic acid : 

CH3-COOH CH3 

- I 4- 2CO2 4- Hg 

OHa-COOH CHa 

the hydrogen going to the negative pole and tho hydrocarbon and carbon dioxkk^ to tho 
positive one. 

METHANE (MARSH GAS), CH, 

This is a gas which is often found ready formed in nature, and in former 
times it was always confused with hydrogen (inflammable air). Winy refers 
to the gases which exude from the earth in certain regions and are inflam- 
mable (these are probably the sacred fires of the ancient Chaldeans). Basil 
Valentine (1500) records fires in mines preceded by the emanation of asphyxi- 
ating, poisonous vapours, which are dispersed and rendered innocuous by the 
fire issuing from the rock. Also Libaviuk (1600) speaks of tho inflammablo 
and esp)losive gas of mines, and in 1700-1760 history records numerous 
explosions, especially in ooal-mines. In was Volta who, in 1776, when studying 
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the same gas, which is also evolved in marshes, showed that it differed 
from hydrogen, since in burning it requires double its volume of oxygen and 
forms carbon dioxide. In 1785 Berthollet proved that the gas is formed of 
carbon and hydrogen, and later Henry, Davy, and Berzelius determined its 
true composition. 

It occurs abundantly as exhalations from the earth near the Caspian Sea 
(sacred fires of Baku) and in the peninsula of Apsheron is used for heating 
purposes. 

At Pittsburg there are great wells of pure methane, and it is found also 
at Glasgow, in the Crimea, and also in Italy, at Pietra Mala (Bologna), in 
Ferrarese, in Piacento (Salsomaggiore), &c. It always occurs in coal-mines, 
being formed from the coal by slow decomposition and remaining occluded 
in the coal under great pressure, together with carbon dioxide and nitrogen. 

It is invariably developed in marshy places, where there is organic matter 
putrefying under water. It is found in the gas of the intestines of man and, 
still more, of the ruminants (about 50 per cent. CH4), being produced by the 
action of enzymes on the cellulose of vegetable matter. Illuminating gas 
contains up to 40 per cent, of it. 

PROPERTIES. It is one of the permanent gases (vol. i, p. 28) ; it 
liquefies at --164° and solidifies at —186°. It has no colour or taste, but 
a faint garlicky odour. It dissolves slowly but appreciably in fuming sul- 
phuric acid, but only very slightly in water (0*05 per cent.). It is readily 
inflammable and burns with a faintly luminous flame ; mixed with oxygen 
it forms a detonating mixture (inflammable at 667°, whilst the mixture 
with ethane inflames at 616° and that with propane at 547°), the maximum 
effect being obtained with 1 vol. of methane and 2 vols. of oxygen 
(CH4 + 2O2 = CO2 + 2H20).^ Mixed with air, it forms the firedamp^ of 
coal-mines, which is very dangerous owing to its explosibility,^ although it is 
not poisonous since miners can withstand an atmosphere containing 9 per cent, 
of methane ; if there is not more than this proportion, it produces a kind of 
pressure at the forehead, which ceases immediately on breathing pure air. 

By an electric charge or in a red-hot tube, it decomposes into carbon and 


^ Exploaive gas mixtures (Teclu, 1907) ; 



Maximum effect 

Minimum effect 

With excess 

With deficit 


Vols. 

Vols. 

Vols. 

100 volumes of air + hydrogen .... 

40 

170 

8-10 

„ „ „ -h methane 

10 

— 

3-6 

„ „ 4- coal gas 

17-20 

31 

4-7 

,, „ „ -1- acetylene 

8-3 

130 

24 

, ,, ,, + ether vapour . 

3-3 

8 

1-5 

,, , „ + alcohol vapour 

6-5 


3*4 


^ Since the methane is occluded under great pressure between the layers of coal, its development and hence 
also the danger is greater when the atmospheric pressure diminishes or when the temperature rises. To prevent 
explosions of firedamp, the miners use the Davy lamp (vol. i, p. 377). Considerable danger of explosion more 
often exists in mines owing to the coal dust suspended in the air of the galleries and behaving like a pyroTphonc 
substance (vol. i, p. 174) ; as a precautionary measure, amis continually circulated through the galleries by powerful 
fans, and the air and the walls are moistened by means of pulverisers. Hardy has constructed an apparatus which 
allows of the quantity of methane being determined from the sound produced by the mixture of air and methane 
in traversing an organ pipe. Mines containing much dust are dangerous even if the atmosphere is moist and the 
Davy lamp is used, smee the particles of coal passing through the gauae into the lamp may issue in a red-hot 
condition. When mines are being excavated, sa^dy explosives' {which sec) are used to avoid fires and explosions. 
Sometimes the coal ignites in certain parts of the mine ; m such cases, work is not suspended, but these parts are 
isolated by walls and if the fire becomes threatening, recourse is had (usually with success) to the sealing of the 
mine and subsequent inundation with water or filling of the galleries with carbon dioxide. When an explosion 
occurs in a mine, a large amount of carbon monoxide is formed which poisons the workers, who can, however, 
sometimes be rescued if they can be made to breathe, lufBciently promptly, under a bell containing compressed 
air (Mosso's Method ; vol. i, p. 176). 
n 
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hydrogen, and a few unsaturated hydroearboii«, with tiuces of and 

naphthalene. 

PREPARATION IN THE LABORATORY. Resides by tlu^ gt^neral 
methods given above, methane is formed by passing a mixtuix^ of carbon 
monoxide or dioxide with hydrogen over reduced nicked ((*,at-alys( ) licxitcal aii 
250° (Sabatier and Senderens) : CO + SHg = ILO + CR^. Aibmipis ba.v(^ 
recently been made to put this method on an industrial ba»sis, by iaxwisforaning 
the carbon monoxide and dioxide of water-gas into niethaau' ((ha*. Pat. 
183,412). Pure methane is formed by passing a mixtrure of caj‘bou 
disulphide vapour and hydrogen sulphide over red-hot copp(n* (I>t‘rlh(doi») : 
eSa + 2 H 2 S + 8 Cu == 4CuoS + CH^ ; also by treating aluminiian carl>i(k> 
with water : C 3 AI, -f I 2 H 2 O = 4 A 1 ( 0 H )3 -f 3(311,. 

In the laboratory it is usually prepared from «an intimate aiixlxin* of oac pari of (ays- 
talline sodium acetate with four parts of soda lime (or better, with four parts of f baryta or 
with a mixture of anhydrous sodium carbonate and dry powdi'nal ealciuiu hydr'oxidt*). 
This is heated in a retort or in a hard glass tube until gas begins to be <‘Vo1v(‘d, tin* itan- 
porature being then kept constant. As impurities, it contains a little^ hydrogen and 
acetylene, so that, before collecting the methane, the gas is paMH(‘d ov<‘!* pumice^ nioistianai 
with concentrated sulphuric acid. 

Choniically pure, it can be obtained, by the gen(‘ral incdhod, from zinc e.thyl and water. 

INDUSTRIAL USES. For several centuries, the iiifianiniablo gascss isHuing from th(‘ 
earth and from petroleum have been utilised at Baku for h(*at»ing linu'-kilnH. In North 
America, as far back as 1821, these natural emanations w(‘re ns(‘d as iilunnnating gas. 
The most important discoveries, made at Pittsburg in 1882, r(\stilted in 98 piT cent, of 
the American production being obtained from this sourci^ in 1000 ; aft<‘r 1005, lh(‘ wells 
of Louisiana also acquired importance. The utilisation of ilu*. gas at, tlu‘ pri'sent, day 
IS carried out rationally and on a vast industrial scale, ibe gas (issning from suitably 
constructed wells) passing to largo gasometers which distributee it. dir{‘(*tly to ov(‘r 500 
factories and 40,000 houses, whore it is employed for power, luxd.ing, and light ijig (with 
the Auer mantle), the price being about cents per cubic nudri^.. Tu danada. 40t) widls 
are being used, giving, in 1907, gas of the value of £120,000. In England, wells have* 
been sunk since 1900 which yield 400,000 cu. metix'.s of gas p{‘r day. 1’h<^ spring al. 
Weis, in Austria, which gave 57,000 cu. metros of gas p(^r day in 18{M, yi(‘lded only 500 
cu. metres in 1901. The gas utilised in the United St.aies of Anu'riea rc'prcsents th<^ 
following values in pounds sterling : in 1882, 40,000 ; in 1890, 1,400,000; in 1894, 
2,800,000; in 1899, 4,000,000; and in 1900, 9,000,000. Th(‘S(^ gasc^s have th(‘ sp. gr. 
0-624~0-645, and a calorific value of 9000-10,000 cals, pm’ <ui. imdre. O’lK^i'otnposiiitn) 
varies between the following limits: CH^, 80-95 p(^r cent. ; H, 0-5 1-5 pin* (‘(‘nt, (some- 
times 15 per cent.) ; OgH^, 0*3-4 per cent. ; CO, 0-0*0 per cmL ; CO^, 0'3-2‘5 pm* <H*nt.. ; 
0, 0-35-0-80 per cent. ; N, 0-5-3-5, together with traccis of HgH. Th(’- amount, s of natural gas 
used at Baku were 46*5 million cu. metres in 1905, 90*3 million in 1906, and 117 million 
in 1907, the composition being : CO 2 , 3-3*8. per cent. ; l*2-2‘6 p<w c<‘nt. ; O, 7 7*0 

per cent. ; 54*8-60*2 per cent. ; H, 1 3*58-0*8 per ctmt,. ; and N, 20*4- 25 pm’ cmd. 

The gas which is used at Salsomaggioro (Piacenza) for public lighting purpesi's and whitdi 
issues from the earth together with petroleum and saline watiw (soniaining iodim^, has a 
specific gravity of 0*692, and the following composition (Nasini and Anderlini, 1900); 
CH4, 68 per cent. ; C 2 H 6 , 21 per cent. ; heavy hydrocarbons, 1 per omL ; K, 8 pc^r (xmt-. 
In Italy, 1,520,000 cu. metres of these gases, of the value £2280, werci usotl alt^ogotlnn’ in 
1902, 6,737,500 cu. metres in 1908, and 8,270,000 cu. metros, of tho valiui £8760, in 1900, 

, Important sources of these gases have been recently discovered in Hungary, Hrigland (at. 
Heathfield a well gave as much as 500,000 cu. metros per day), and in Denmark (simu^ 1872). 

ETHANE, C 2 H 0 

T:his gas is found dissolved in crude petroleum and is qne of the principal oomiiimmiH 
pf the North American gas-wells of Belamater, near Pittsburg. 

^It is a gas which can he liquefied at 0® by means of a pressure of twenty -foiu* atmo- 
spheres and then has a sp. gr. 0*446 ; at the ordinary prossuro it btxsomes liquid and boils 
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at -84* and is solid and melts at ~172*. It is almost insoluble ui water ; 1 vol. of 
absolute alcohol dissolves 1 J vol. of it. It burns with a faintly luminous flame, and is 
more readily soluble than methane. In the laboratory it is prepared by the general 
methods already given (p. 32). 

PROPANE, C3H3 (METHYLETHYL, CH-C,H^ or 
DIMETHYLMETHANE, CB,{CK,),) 

This IS a gas like ethane and becomes liquid at -44°, or at 0° under five atmospheres 
pressure, the liquid at 0° havmg a sp. gr. 0 535 ; it solidifies and melts at -45°. It is 
slightly soluble in water, and absolute alcohol dissolves 6 vols. of it. With water mider 
pressure and at temperatures below 0° it forms a solid hydrate, which decomposes at 
+ 8*5°. The illuminating power of propane is about times that of ethane. It is 
best prepared, in the laboratory, by reducing isopropyl iodide by means of the copper- 
zinc couple, or by reducing acetone or glycerol with hydriodic acid : 

C3H5(0H)3 4- 6H - SHaO + or CHs-CO-CHs + 4H - H^O + CsHg. 

glycerol acetone 


BUTANES, C^Hio (Two Isomerides) 


(a) Normal Butane, CHg- CH2‘ CH2* CH^ {diethyl), is a gas which liquefies at + 1°, 
and at 0° has a sp. gr. 0*600. It is found m Pennsylvanian petroleum, and is prepared 
in the laboratory by the ordinary methods (p. 32). 


CH 

(6) Isohutane, CH3*CH<^^g^ (trimethylmethane or methylpropane), is a gas which 

becomes liquid at -115° ; it is contained in petroleum and is prepared by the usual 
methods in the laboratory. 


PENTANES, C5H12 


These hydrocarbons are found especially in the petroleum products boiling a little 
above 0°, and are placed on the market under the names of rJiigolene and cymogen for 
ansesthetic purposes and for the manufacture of artificial ice. The three isomerides 
predicted by theory are known : 

(а) Normal pentane, CHg* [CHals'CHg, is a colourless, mobile liquid boiHng at + 37*3°, 
having a sp. gr. 0454 at 0°, and solidifying only at about -200° ; it is hence used for 
making low-temperature thermometers, and as a lubricant in the Claude liquid air 
machine (vol. i, p. 298). It occurs abundantly m Pennsylvanian petroleum. 

(б) IsoperUane, CH3* CH* CH2* CHg {methyl-2-butano or ethylisopropyl), is a light 


CH3 

colourless liquid boilmg at 30*4°, and having a sp. gr. 0-622 at 20°. It is found in large 
quantities in petroleum, and can be prepared artificially from isoamyl iodide by the 
ordinary methods (p. 32). 


OH. 


.CHo 


(c) Tetramethylmethane, 


(dimethyl-2-propane), is found in the gases from 


petroleum, and is liquid at 4- 9° and solid at -20°. It can be obtamed in the laboratory 
either by chlorinating acetone, CHg-CO-CHg, by means of phosphorus pentachloride 
and treating the dichloropropane thus formed with zinc -methyl : 


CHs Cl , 2n</CH3 _ 2nC] + 


CH. 


:>c<ch! 


or from tertiary butyl iodide by tbe action of zmo methyl : 


CH3 

CH3 


2 


CH3 


+ Zn<, 


CH3 

CH3 


: Znl, + 2 


''CHo 


The constitutions of acetone and tertiary butyl iodide havmg been determined (see later), 
that of tetramethylmethane is fixed. And since the reduction of butyl iodide yields 
isobviane, the constitution of the latter is proved. 


HEXANES, CeHi^ 

The five isomeric hexanes which should exist are all known (see Table, p. 31). They 
are found particularly in petroleum ether, gasolene, and ligroin (i.e. in the portions oi 
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pctrolouHi boiling below 150°), together with TiBptdTbES and octanes. Ihcy are formed also 
from sbaly coal like caiinel coal and boghead. 

HIGHER HYDROCARBONS 

These are very numerous and are found in petroleum and in its residues (vaseline, 
paraffin, &c .) ; they distil unchanged (after Giq) only in a vacuum. Hie boiling-point 
being thus lowered by about 100°. 

Many of these higher normal hydrocai’bons were prepared synthetically by Kxafft 
by reducing the corresponding fatty acids, alcohols, and ketones. 

HEPTACOSANE, C37H56, and HENTRIACONTANE, arc found in beeswax 

and m American tobacco (about 1 per cent.), the former being also found in soot. 

HEXACONTANE, C60H122. highest term of the paraffin series to be prepared 

synthetically by Hell and Hagelc in 1889 by condensing 2 inols. of myricyl iodide, 
by fusion with sodium, which removes the iodine as Nal. It melts at 102 , 
IS slightly soluble in alcohol or ether, and distils, to some extent unchanged, in a 
vacuum It has probably the normal structure and thus forms the longest carbon 
atom chain as yet prepared synthetically. 

Some of the saturated hydrocarbons of the aliphatic series have important 
practical applications, especially as sources of light and heat. In illuminating 
gas are found the gaseous members, in petroleum the liquid, and in paraffin 
the solid ones. 

A brief account of the industrial treatment of these three products will 
now be given. 

ILLUMINATING GAS^ 

Illuminating gas and the other products of the dry distillation of coal vary in com- 
position with the nature of the coal employed. In gas manufacture, account has to be 
taken of the value of the by-products : coke, tar, ammonia, &;c., which sometimes con- 
tribute largely to the cost of manufacture. So that mixtures of coal are used which 
give good coke, the luminosity of the gas from certain coals being supplemented by mixing 
with others rich in hydrogen and fats, such as some of the very expensive English coals, 
like cannel coal, boghead, various slialy coals, &c. In general, coals used for making 
gas have compositions varying between the following limits : C, 78-85 per cent.. ; 
H, 5-8 per cent. ; 0, 6-13 per cent. ; N, I *2-1 *9 per cent. ; and S, 0*1-2 per cent., a 
high content of sulphur biang harmful ; they should leave Httlc‘ ash on burning, and 
proforonoo is given to those containing considi^rable ([uantitii's of volatile products, llio 
more hydi’ogen there is, the gri'aier will he the useful yield, since ovta’y kilogram of hydro- 
gen can gasify 4-5 kilos of carbon (according as more or less nietbaue, ethylene, ^c., is 
formed). Gas-coal giving good coke contains inon^ tlian 15 per cent, of volatile products 
and less than 35 per cent. 

>• Histoiy. This industry began with the miietconth centurv, its apotheosis being reached at the end of that 
coirtury with the application of the incandescent gas-mantle hT'oni Ihc year 900 the Chinese* have employed 
petroleum vapour, distributed by wooden pipes, for lighting pin poses. It was, howcv(‘i, only in 1739 that 
James Clayton, m investigating ihe causes of the emanation of mliainnialile gas often oecurrlng in the Lancashiie 
nunes, heated coal in closed vessisls and collected the gas (illuminating gas 1) developed ui large* hladdeis. In 
1767, Watson, in laboratoiy experiments on a small acali), obtained gas, ammonia, and coke by the distillation of 
coal. This was ihc time when coke was beginning to be employed in TiK'tallnigieal opeiat.ions, and m 1.7S6 Lord 
Dimilonald used the gas from the coke furnaces to light his house, and Piekel lighted his laboratory with the gas 
formed on distilling bones. IVloie important trials were', howeyer, niaile in England by W. .Murdock, tor the 
illuraination ot large woiks by distilling coal. Helped m his und(*i*taiviiig, thst by Watt, the inventor of the steani- 
eiigino, and afterwaids by his pupil Cilegg, he succeeded in lH()r> in extending lighting by gas to many establiah- 
ments The distallation of wood w*as studied by the engineer F. li(‘bon, in France ; and in 1790, a patent was tak(*n 
out “ foi a now method of employing combustibles more* clftci(*ntly, for h(*ating or lighting, and of colleeting tin*, 
various products ” Sonic days lat(‘i , all Pai is was udmiiing the gas-lamp which Lebon used to illuminate the gardens 
of the Hotel Seignelay. Probably Lebon did not then foresee the*, wonderful development which was to take place 
ingaslightingintheninotcenthcontury or dreamof thoraonuiucntto be erected to him many years later m his 
native town, Ohaumout, or of the statue which was dcdicat.f‘d to him in Pans in 1906. 

It was when the use of huge plant was attempted for lighting by gas that technical difricultich cioppi'd up, 
inconveniences which wore negligible on a small scale becoming inMiimountabh* in the casi* of large wmks It was 
already noticed that the new illuminating gas burned with a rath(*r sooty flame and disseminatc'd unpleasant 
odours, whilst in the works the piping often became obstiuet«‘dhwing to solid distillation products iieing earned 
by the gas. If, in addition, we consider the popular piejiidice to any innovation, aggiavated by the fantastic 
propaganda of certain 8ci(*nthic men, especially in Prance, who exaggerated the danger of explosion, it is easy to 
conceive how unpromising the conditions of this industiy were up to 1812. 'i’o Clegg is due the climmatton of 
the main tochnical difficulties, the tarry matters carried along by the gas being removed by means oty number ot 
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The oxygen present in coal gives rise to larger or smaller quantities of carhon dioxide 
and monoxide, and it cannot he denied that the monoxide is a powerful poison. Only 
10-15 per cent, of the mitogen present in the coal is transformed into ammonia, 20 per 
cent, being found in the gas and 60 per cent, m the coke, whilst 2-3 per cent, forms hydro- 
cyanic acid and cyanides in the gas and tar. Moisture in the coal is harmful, smce water 
causes an increase in the amount of carbon dioxide in the gas and also absorbs heat for 
its evaporation. 

In order to judge of the value of the coal, distillations are carried out, in gasworks, 
in small laboratory retorts containing a weighed quantity of coal and heated at a very 
high temperature (900® and even higher) ; the gas and vapours are washed in bottles, 
first with lime-water and then with lead acetate, the pure gas being collected in a cylinder 
over mercury, so that it can be measured and its composition and illuminating power 
investigated. To judge of the practical value of a coal, use is made of the product of 
the yield of gas (that is, the number of cubic metres from 100 kilos of coal) and its candle- 
power. For any given coal, this product is almost constant ; increase of the temperature 
of distillation resulting in a greater yield of gas, but of a lower illuminating power. 
Naturally this rule holds only between certain limits of temperature, which are never 
exceeded in practice. 

Of various coals, the best is that which gives the highest value for this product, but 
account must also be taken of the yields of coke, ammonia, and tar, and of the specific 
gravity of the gas. 

The temperature of carbonisation varies with the nature of the coal and, in general, 
with fatty coals (bituminous) the evolution of gas begins at 50®, and at a red heat vapours 
of liquid products pass over ; at a higher temperature, gaseous products predominate. 

The most convenient temperature usually lies betw^een red heat (cherry -red) and 
yellowish white heat. In general, after an hour’s heating (with a furnace at 1400°), the 
coal in the retort reaches 400®, after three hours 950®, and after five hours 1075®. On 
heating 1000 kilos of English coal at difierent temperatures the following results are 
obtained : 



At red heat 

At bright orange red 

(a) Gas obtained (cubic metres) 

234 

340 

(b) Candle-power .... 

20-5 

15-6 

(o) Candles per 1000 kilos a x h 

4800 

6300 

(d) Composition : Hydrogen 

38-1 % 

. . 48 % 

Carbon monoxide . 

8-7 % 

• • 14 % 

Methane 

42-7 % 

30-7 % 

Heavy hydrocarbons 

7-6 % 

4-6 % 

Nitrogen 

2-9 % 

2-8% 


Gas prepared at a higher temperature has a lower calorific power. 

cooled tubes, and further purification being effected by lime, the gas being then collected in large gasometers, 
from which it was distributed by pipes to the consumers. Thus, it became possible m 1813 to light part of London 
with coal gas, and in 1815 W'insor illuminated certain quarters of Pans. 

Nobody on the Continent dared attempt a similar industry ; everybody was distrustful, not foreseeing its 
great future and being frightened by the technical difficulties which met this, the first great chemical industry, 
for many years confined to England. It was in this country that it underwent the most rapid extension and per- 
fection (in 1823, fifty-two towns were lighted by gas), the scientific and practical men giving it their entire support. 
In 1810 a powerfu^English company was founded by Clegg and became later the famous Imperial Continental 
Gas Association, which with a capital of £2,000,000 in 1824, £3,500,000 in 1874, £3,800,000 in 1897, and £5,000,000 
in 1908, was formed with the view of undertahmg the lighting of the principal European towns. Even to-day 
many towns are still pledged to contracts, as yet unexpired, with the great English companies. London itself, 
within the last few years, has found the greatest obstacle to the introduction of electric lighting in contracts with 
gas companies which have already made fabulous profits. 

In Germany, the first small gas-plant was that of Lampadius in 1816, used for his own establishment, extension 
being subsequently effected as a result of the work of Elashofl and Emnendhal. At Berlin the first attempt was 
made in 1829 ; then followed Hanover, and m 1884, 557 German towns were lighted by gas, the annual consump- 
tion of coal being 1,700,000 tons. In Austria the first plant was ere(?ted m 1818 by Prechtl. In America, Baltimore 
was illuminated by gas m 1806, Philadelphia in 1822, and New York m 1834. At Milan gas lighting was introduced 
m 1832. 

After 1870 all the principal populous centres and even the small towns were lighted by gas, aU objection to this 
form of illumination having disappeared ; experience had shown that the expected terrible explosions of mixtures 
of gas and air did not occur and that the small accidents which did happen were not more serious than those occur- 
ring daily with paraffin lamps. The victory over petroleum, although furiously contested, was especially complete 
in the case of pubUc lighting. 

To this sdeoess have contributed, most of all, the incessant improvements of methods of manufacture, wh’cb 
have resulied in the supply of a purer, more abundant, and more economical gas. 
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Tlie composition of gas varies also according as the heating is more or less prolonged.^ 

It will be seen that the dimimitioii of luminosity is less pioportioiially than the increase 
in volume of the gas, and to-day the distillation is pushed to a tcinperatuio ot 1100-1200 , 
this resulting m greater (absolute, not relative) quantities of light, luminous hydrocarbons 
and of hydrogen being obtained. It is hence important to employ suitable mixtures of 
coals, so that those may bo impoverished as much as possible at a high temperature, 
the relatively low luminosity being compensated for by the addition of special fatty 
coals, as already mentioned, and also, at the present day, of benzene. 

The duration of the distillation varies from 3 to 5 hours ; the extra amount of gas 
that would ho obtained by heating further would be insufficient to make up for the cost 
of heating. 100 kilos of Westphalian coal give about 71 kilos of coke, 4 kilos of lar, 
5 kilos of ammonia liquors, and 17 kilos (30-5 cu. metres) of gas ; loss, 3 kilos. 

The COMPONENTS OF ILLUMINATING GAS obtained from coal arc 
very varied and can be embraced in three groups : (a) combusiihle diluents : 
H, CH4, CO ; (6) light-yielding gases and vapours •* ethane, ethylene, butylene, 
acetylene, crotonylene, allylene, pentylene, benzene, toluene, xylene, thiophene, 
styrene, indene, naphthalene, acenaphthene, fluorene, propane, butane, pyri- 
dine, phenols ; (c) inert or harmful impurities : CO2, NH3, HCN, CSg, COS, and N ; 
naturally the majority of these substances are present only in traces. 

The quantitative composition by volume of the gas usually varies between 
the following limits : CO2, 1 •25-3*20 per cent. ; CO, 4*5-6*5 per cent, (for 
English coals, 6-9 per cent., and for German coals, occasionally 9-11 per 
cent.) ; H, 42-55 per cent. ; CH4, 32-38 per cent. ; N, 1-3 per cent. ; 0, 
0-0*5 per cent. ; aromatic hydrocarbons (benzene, &c.), 0*8-l*4 per cent. ; 
unsaturated hydrocarbons (ethylene, 2-2*5 per cent. ; acetylene, 0* 1-0*2 per 
cent. ; propylene, 0*2-0*5 per cent., &c.) The specific gravity of gas varies 
from 0*350 to 0*500 (an = 1) and 1 cu. ft. of gas weighs rather more than 
half an ounoe.^ The calorific power of illuminating gas ranges, as a rule, 
from 4000 to 5000 cals, per cubic metre, thus producing the same lieatiug 
effect as 3*43 kw. -hours. The illuminating power is discussed later. 

PROPERTIES OF ILLUMINATING GAS. In addition to the lighting 
power, for which it is mostly used, to the heating power which makes it a 
valuable source of mechanical energy for gas motors, to the relatively low 
specific gravity which renders it useful in aeronautics, attention must be j)aid 
to the explosive properties of illuminating gas when mixed with air [see p. 33), 
and to its poisonous properties even when jwesent in only 2 })er cent, by volume. 
Its poisoning effect is due especially to the carbon monoxide ])rcsent, but also, 
to some extent, to other components. When the first sym])toms of poisoning 
are observed, fatal consequences can be 2)r*eventt*d liy vigonuis respiration 
of pure air or, better, oxygen, while the use of compressed air according to 
Mosso’s system also gives good results (vol. i, p. 175). 

RETORTS. Murdoch’s first retorts were of cast iron, placed vertically in a fnrnaec* 
(Pig. 44), but as it was meonvement to charge them Murdoch introcluc(‘d iiu'lined reports 
(Fig. 45), which he changed later into horizontal retorts of cast iron (Fig. 46). 

Wiight analysed the gas for three diffeicnt peiiods, starting fiom the beginning of the distillation, thii resuhs 
being : 



After 

After 

After 


40 minutes 

thri'c houiB. 

SIX houis 


Pci cent. 

Per cent. 

I»er cent. 

HjS 

. 0*4 

0-78 

0-38 

CO2 

, 2 08 

1-34 

0*59 

CO . 

4‘G2 

6*73 

7-52 

CH4. 

56 46 

37-46 

14*61 

n . . . . 

25*36 

48 36 

91*94 (?) 

Heavy hydrocarbons . 

. 8*61 

3-13 

2-78 

X . . . . 

. 2*37 

2 20 

2*18 


a By passing ordinary gas into a retort filled with coke at 1200° or a higher temperature, a new gas, deprived 
of heavy hydrocarbons, oxygen, and carbon dioxide, very poor m methane (6 per cent ), rather richer in carbon 
monoxide (7 to 8 per cent) and very iich in hydrogen (up to 84 per cent) is obtained. This new gas can lie 
used for aeronautical purposes its specific gravity being about 0 23 (Oontinentul CJas Oesdlschajt, Ucssau, 1910), 
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GAS RETORTS 

In 1820 J, Grafton suggested the use of horizontal retorts of fireclay, since these resist 
heat better, cost less and last longer. The most convenient form was that with a Q -shaped 
or elliptical section (Fig. 47), and the most suitable dimensions for these horizontal 
retorts were found to bo : width of the mouth, 43-53 cm., height at the middle, 31-38 cm., 
and length, 2-3 metres. One end was closed and the mouth w^as swelled at the edge. 



Fig. 44. Fig. 45. Fig. 46. 


which earned screws servmg to fix the metal cover fitted with the delivery tube. These 
retorts wore charged, according to their capacity, with 100-200 kilos of coal, broken into 
uniform lumps. Various mechanical connections were devised to allow of the retort 
being charged and discharged rapidly and with the least expense for hand labour, and one 
of the best arrangements, with a battery of retorts placed in regenerator furnaces {see 
vol. i, p. 500), is that shown in Fig. 48. However, smee 1890 it has become general in 
the principal European towns to use inclined retorts of elliptical section, which were 


suggested anew by Coze and are 
furnished with two mouths pro- 
jecting from the two ends of the fur- 
nace (double-ended or ‘through” 
retorts). When these are inclined 
at an angle of 32® and are charged 
automatically from above, the coal 



distributes itself in a layer of uni- 
form depth along the whole of the 
retort (Fig, 49). The gas-discharge 
tube is inserted at the lower mouth, 
which at the end of the operation 
is opened, the coke, while still hot, 
being completely and immediately 
discharged into an iron truck* or 
on to a moving endless perforated 



Fig. 47. 


band, the pieces of coke remaining 

alight being sprinkled with water before being discharged on to the coke ground. Similar 
retorts are used with elliptical mouths ; the upper one is rather larger (63 cm. x 36 cm.) 
than the lower (57 cm. x 30 cm.), and the length is about 3*8 metres. At the present 


day they vary from this length up to 6 metres. 

The advantages of this system are shown by the following results, which refer to three 


batteries of fourteen (1) inclined and (2) horizontal retorts ; 


Inclined Horizontal 

Daiation of the distillation ... 3 hours 4| hours 

Charge per retort . . . • 165 kilos 152 kilos 

Number of charges per 8 hours . . 112 . 

Total coal distiUed. in 8 hours . . . 18,560 kilos 11,000 kilos 

Opst of labour per 1000 kilos of coal . . 10 pence 18 pence 
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The pressure in the interior of the retorts should be carefully regulated, since if it 
becomes too great, escape of the light gases and vapours readily occuis and the develop- 
ment of vapours and gases is slackened, the hydrocarbons, which remain for a long time 
in contact with the red-hot walls of the retort, undergoing further decomposition with 
deposition of graphite on the walls and liberation of hydrogen. In order to avoid tliese 
inconveniences the retorts are to-day put in indirect communication vith aspirators or 
pressure regulators placed beyond the washing apparatus (scrubbers, &c.). 

The layer of coal in the retort should not be too deep, as otherwise the gases given off 
are decomposed on contact with the upper layers of hot coke. 

With the view of avoiding decomposition of the more luminous gases which are evolved 
principally at the beginning of the distillation, Bentrup (1903) proposed passing a con- 
tinuous current of water-gas {see vol. i, pp. 392, 393) into the retort to remove these 
products rapidly from contact with the hot walls of the retort ; the water-gas is produced 
in an adjacent retort also containing red-hot coke. 



Fro. 48. 


As often happens in other fields of work, so aho in the indiistih^s a retuin to older 
methods often ofers advantages. Thus it appears at the jiresent time that tlie vertical 
retorts again brought into use by Settle and Badfield ar<i destined to supplant tlie incliinxl 
ones. In 1905 Dr. J. Bueb made works cxpermicnts with a battery of t(‘n retorts, 4 metre's 
in length, placed vertically in a furnace and provided with an upper aperture for charging 
and a lower one for discharging (that is, the furnace surrounds only the external veitical 
surface of the retort, which is heated by hoi gases circulating through numerous channels, 
as shown m Fig. 50). In this way a larger charge (up to 500 kilos) is used, the luminous 
gases are not decomposed and the yield of gas is higher, as the temperature of the retort 
reaches 1300-1400° G. ; at the same time very little naphthalene is produced, the incon- 
venience caused by depositions of naphthalene in the cold parts of the pipes being thus 
avoided. In addition, the yield of ammonia is increased by 35 per cent., the separation 
of the tar is facilitated and the cost of labour diminished ; a less amount of a harder cokc^ 
is obtained, and the quantity of tar is considerably decreased-,- while the production of 
gas is increased (Ger. Pat. 155,742). 

Fig. 50 shows a double battery of Bueb vertical retorts, 4 metres high and slightly 
conical in shape, the wider mouth at the bottom. By'means of the elevator A the coal 
is introduced into the hopper BG, whence it passes into the niovabk' h;oo])s D, which 
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carry it to tke retorts. At the end of the distillation (which lasts 7-8 hours) the coke is 
discharged into the metal hopper, F, and thence into the channel, G, wheiea band running 
on rollers carries the spent coke to the store. The gas issues at the top of the retort and 
by the tubes, E, passes into the hydraulic mam, /, and so into the piping, L ; the tar 
and the ammonia liquors are discharged from the hydraulic mam into the tube, M, leading 
to the depositing tank. 

In order to mcrease the yield of gas by 10-15 per cent, it has recently been proposed 
to utilise the high temperature of the coke (1400^ C.) remaming m the retorts at the end 
of the distillation to produce a certain quantity of water-gas by passing a current of 
steam in at the bottom of the retort for an hour. It cannot, however, be denied that by 
this wet process the proportion of carbon monoxide in the gas is increased. In any case 
total yields of 360 cu. metres of gas per 1000 kilos of coal have been obtained m this way. 

The economy in labour effected by this retort is very great, and it is calculated that, 
whilst With horizontal retorts every 
workman produces about 1600 cu. 
metres of gas per day, with the 
vertical retorts the amount reaches 
7000 cu. metres. 

From 1906 to 1910 furnaces with 
507 batteries of 5500 vertical re- 
torts, representmg a total daily 
production of 2,200,000 cu. metres 
of gas, have been manufactured by 
one single firm at Dessau (for Berlin, 

Cologne, Zurich, Trieste, Genova, 

&c.). 

In the workmg of these vertical 
retorts, which do indeed represent 
a marked advance on the Coze 
inclined retort, certain disadvan- 
tages have been observed, the coke 
formed being harder than the ordi- 
nary and not so weU suited for 
domestic purposes ; whilst the gas- 
discharge tubes soon become 
obstructed with tarry matters so 
that they require cleaning every 
3-4 days ; distillation with steam 
during the last phase of the heat- 
ing relieves this inconvenience to 
some extent. By some the pro- 
duction of water-gas as described above is not regarded as advantageous, the same 
quantity of water-gas being obtainable more economically with special plant. 

A further and more recent modification consists in the use of chamber furnaces (similar 
to those for making metallurgical coke, see vol. i, p. 367). 

At Monaco m 1906 and at Vienna in 1909 inchned chamber furnaces were employed 
(Kopper system, Fig. 51). Coal from the hopper, 2, passes down an inclined plane and 
fills the chamber, 5 ; the gas is led into the trough, 1, the coke is discharged, by opening 
the largo lower door with a crane, on to an mclined plane and so to the chain transporter, 6, 
and the gasogen, 8, passes the gas to the dust-chamber, 7, and then to the ascension pipes 
under the chambers ; 9 shows another battery of inclined chambers. With chamber 
furnaces a bettor gas is obtained with a less expensive plant and a decided economy in 
labour, the daily yield of gas per workman reaching 9000 cu. metres. A plant of this 
kind was finished in 1910 at Padua. 

With horizontal or inclined retorts the coal is heated for 4-6 hours ; with vertical 
ones, 12 hours ; and with chamber furnaces, 24 hours. 

FURNACE^ Retorts were first of all heated by direct flame, but m this way the 
heat is inefficiently utilised ; then indirect heating by flues, just as for steam boilers, was 
tried, but the nearer retorts wore out very rapidly, so that later several retorts were placed 
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m one furnace m direct contact with the hot gases, these being so interrupted and deviated 
that the surfaces of all the retorts V/ore uiiifornily heated (Fig. 48). 

At the present time the use of the regenerator gas furnace {gasogen, see vol. i, p. 501 ) 
has become general, coke (usually waste) being employed, and, in countries where there is 
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little demand for tar, the latter bemg used as fuel by injection into suitable furnaces. 
The coke used to heat the furnaces represents about 25 per cent, or 30 per cent, of the 
total amount produced. In some works {e,g, at Turin since 1909) the heating of the 
furnaces is profitably efiected by 9-10 per cent, of tar (on the weight of coal distilled), 
burnt in special gasogens. 

The wear of the furnaces and retorts is considerable, and their cost is calculated as 
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annual expciiclilnrc rather than as cost of plant, since they are sometimes remade or 
renovated twice a 

PURIFICATION OF GAS. Tlu' crude products obtained directty Irom th(‘ carbonisa- 
tion of bituminous coal cannot bo used immediately for lighting and other purposes. The 
gas issues from the rctoits at very high temperatures (up to 250°), and it is evident that, 
as it gradually cools, various products s(‘parate, first of all those which are solid or liquid 
at ordinary temperatures. It is necessary to remove the tar, naphthalene, ammonia 
liquor, and the cyanogen and sulphur compounds by means of the following apparatus. 

HYDRAULIC MAIN. This is a wide circular or semi -circular pipe (diameter, 
30-60 cm.) of shec‘t-iron or cast-iron (Fig. 48 F), containing water and tar, and placed 
above the retorts so that the ascension ])ipes, E (12-18 cm. in diameter) from one battery 
of retorts dip into it, these pipes starting from the lower parts of the retorts and carrying 
off all th(‘ liot gas dcvelopt'd. The tubes, E^ are sc'aled liydraulieally by dipping into water 
in th{‘ hydraulic mam, in whicli most of the tar and a little of the ammomacal liquor 
condense. The hydraulic mam falls slightly towards one end so as to facilitate flow of 
th(‘ tar to tlu' store-tanks, in^which it gradually becomes almost entirely separated from 
the ammonia lupiors, being sold to the tar-distiller with a content of not more than 5 
pm* centu of water at a price of about 17 p(‘nce p'^r evd. (lire 3,50 per quintal). 



''Phe- still very impure gas, bolding in suspension hirgo mini hers of tar drops — which 
rmidi'r difficult tlu^ condcnisation of the naphthalene — and liavmg a temperature of 
()()-10()° 0. is gradually cooled to 12-15° C. by causing it to traverse a large iron pipe 
passing round inside the whole of the works and cooled by the air ; the gas then reaches 
a condenser formed either of a battery of long iron tubes (Fig. 52) sprayed outside with 
wat(U’, or of a siaics of threo or four double-jacketed cylinders cooled inside and outside by 
ihe air, the gas passing into the jacket (Fig. 53) ; or the gas may be circulated round a 
number of narrow tubes through which passes a continuous stream of cold water (Fig. 54), 
The cooling thus ohected is gradual, and the separation of the naphthalene and tar is 
more complete, while there is no danger of stoppages from the naphthalene ; in winter 
the gas enters the (joolor at 50-60° G. and l(‘avos at 5-10° C., while m summer it enters at 
60-70° C. and emerg(‘S at 30-35° C. At the bottom of these tubes is found a deposit 
of tar— which is discharg(‘d into tanks— and of ammonia liquors at 7-8° B6. The 
consumption of water in these coolers is from 3-4 cu. metres per 24 hours per 1006 
cu. metros of gas. 

If an obstruction of naphthalene occurs at any point, the pressure— indicated by 
manometers placed along the tubes — shows an increase at that point. 

The gas issuing from the condensers still contains suspended tar, which it is neccssarj 
to separate. To this end serves Audouin and Fclouzo’s tar-separator, shown in Fig. 55, 
The gas passes along the tube B, which opens into a perforated double-walled bell, D, the 
pressure in which is regulated by a compensating weight and pulley, G. The bell is 
partially scaled hydraulically and rises more or h^ss, leaving open a greater or less number 
of apertures, according to the pressure of the gas. The gas is thus subjected to a kind 
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of filtration through small orifices, tho fine drops of tar being condensed into larger diops, 
which separate and collect in E, whence the excess is run oh at F. Ihe^gas thus puiified 
from tar passes by the tube 0 io the ammonia-condensing apparatus. The tar-scparatoi 
should not be kept too cold (12-15‘^ C.) 

NAPHTHALENE SEPARATORS. Naphthalene is a product of the condensation 
by heat of the heavy hydrocarbons of the gas. It is difficult to imagine how pertinaciously 
gas carries through all the purifying operations considerable quantities of naphthalene 
suspended in it, and how slowly this naphthalene is deposited in town mains, ultimately 
stopping them and causing great inconvenience and expense to consumers and manu- 
facturers. 

In 1899 Bueb, on the basis of former experiments of Young and Glover, succeeded in 
avoiding this trouble to a great extent by passing the gas (first washed with water in 

the “ Standard ” washer-scrubber to separate tho 
ammonia) into a drum similar to the “Standard 
{see helow)f but with three independent chambers in 
which the gas is washed with anthracene oil of 
medium density (prepared by the distillation of tar 
and having a b.pt. 350-400° C.), which dissolves 




Fig. 52. 


Fig. 53. 


Fig. 54. 


and fixes almost all the naphthalene. When the oil of the first chamber is satural(*d it 
is removed, and that of the second chamber passes into tho fii'st and that of tln^ third 
into the second ; the third chamber is charged with fresh oil, containing 4 ])er cent, of 
benzene in order to avoid loss of light-giving products from tho gas. Tiie anthra(u‘iu‘ oil, 
saturated with naphthalene (25 per cent.) can bo utilised as such, or mix(‘d with 
ordinary tar. 

According to U.S. Pat. 968,509 of 1910, naphthalene can be separated by bubbling 
the gas through an aqueous solution of picric acid, this giving rise to an insoluble iiaphtlia- 
lene pierate, from which the naphthalene can bo distilled by means of steam, the picric 
acid being left. 

SEPARATION OF AMMONIA. The washing of the gas for tho purpose of removing 
the ammonia may be effected by ordinary water, which has a great affinity for ammonia, 
or by the dilute ammonia liquors from the hydraulic main (1-2° BA), but not with 
that from the condenser, which is too concentrated (7-8° B6.). The most common 
form of apparatus used for this washing is the scrubber or, better still, the “ Standard ” 
washer-scrubber. 

SCRUBBERS are usually formed of a series of coke -towers through which water 
trickles (Fig. 56). The gas that enters the bottom of the fii*st tower is washed with dilutee 
ammonia, condensed in succeeding towers, and when it reaches the last tower it is washed 
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With pure water which dissolves the last traces of ammonia and can be used subsequently 
for the first tower, from the bottom of which it is carried off, rich in ammonia, by small 
syphons. These towers, which are of cast-iron sheets, are joined in twos or threes in 
such a way that the gas is conducted from the top of the first tower to the bottom of the 
second, and so on. The interior may be fitted simply with water pulverisers, or it may be 
filled with coke, chips of wood, broken bricks, or, what are more efficient, vertical bundles 
of sticks, or of corrugated and toothed iron sheets. 

Scrubbers are 1--3 metres in diameter and 4-20 metres in height. A maximum produc- 
tion of 1000 cii. metres of gas per 24 hours requires 5-6 cu. metres of scrubber, the gas 
taking 8-10 minutes to pass through. Before entering the scrubber the gas contains 
200-400 grms. of ammonia per 100 cu. metres, whilst afterwards this volume contain 
only 1-10 grms. 

The ‘^STANDARD washer-scrubber consists of a large horizontal fixed cylinder oi 
iron-plate, divided into seven chambers (Fig. 57). This cylinder is traversed by a rotatable 
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axis carrying sevim paddles of almost the same diameter as the chambers and each consisting 
of two large metal plates to which are fixed the ends of superposed wooden laths with 
spaces, not exactly superposed, between (Fig. 58). Those paddles rotate with the axis 
and dip into water which fills the chambers to about one-third of the height of the cylinder. 
The pure water eni.ers chamber VII at a and passes from chamber to chamber until it 
rcuiehes the first, trhe walls separating the chambers being successively lower. The gas 
to bo pun fil'd moves in tlie opposite direction, entering chamber I, and passing between 
all the laths of tln^ paddle from the centre to the periphery, then descending to the centre 
of the next paddle in chamber II as shown by the arrows, 4 and 5, again issuing at the 
])eriphery, passing into chamber III, and so on. In this way the gas is perfectly washed 
and loses also part of its CO2 and H2S. The water leaves chamber I with a density of 
7-8° B6. 

At Monaco the ammonia is eliminated in the dry way by passing the gas over super- 
phosphate, which fixes it and then serves as an excellent fertiliser (with 7-8 per cent, of 
nitrogen) : 1000 kilos of superphosphate are sufficient to purify 32,000 cu. metres of gas 
(with 3 ])or cent, of NH3), the small quantity of thiocyanate (0-5-2 -5 per cent.) which it 
contains having no injurious action on plants. N. Caro (U.S. Pat. 952,560, March 22, 
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1910) cools the gas Iroin coke inaimfacturo to 20° and then passes it through a solution 
of ammonium sulphate ot 29-35° 13c. containing 5 per cent, of free sulphiiiic acid , 
ammonium sulphate gradually crystallises out and the gas passes off free from ammonia. 
Generally, however, ammoniacal liquors are distilled with lime and the ammonia fixed 
with sulphuric acid {see vol. i, p. 323). Every ton of coal carbonised yields 10-12 kilos 
of commercial ammonium sulphate 

FINAL AND COMPLETE PURIFICATION OF GAS. After the ammonia, the 
following gases must be removed : H2S, CO25 HCN, €82? thiocyanates, sulphur derivatives 
of hydrocarbons, &c. This is especially important with H2S and other sulphur compounds 
(about 1-1*5 per cent, by volume of the crude gas), smee they partly burn, forming &O2, 
and partly escape unaltered from the gas-jets, decorations, metal-work, and paintings being 
discoloured ; also the poisonous properties of these compounds are considerable, the crude 
gas containing 0 1-0-25 per cent, by volume of hydrocyanic acid. The test employed by 
large consumers to detect hydrogen sulphide is very rigorous and is made with lead 
acetate paper, which blackens on prolonged exposure to impure gas. 

The final purification of gas has been in use ever since the beginning of the industry. 
In 1806 Clegg purified gas partially by passing it through milk of lime, but such large 




volumes of liquid were required that their prexiaration was difficult and the purification 
was not complete. He then proposed the use of powdered slaked lime, which fixes carbon 
dioxide, as well as many sulphur compounds, forming calcium sulphydroxide, OH*Ca*8H ; 
but if much CO2 IS present the sulphydroxide is decomposed and SH2 regenerated. In 
1840 Mallet suggested the use of manganese oxide, which fixes HoS more readily, but this 
method did not give good results. 

At the present time use is largely made of the so-called Laming mixture, which is 
prepared by mixing J 60 parts of lime, 180 of sawdust and 30 of ferrous sulphate dissolved 
m searcely sufficient water to moisten the mass ; it is kept turned over for some days in 
the air, until it becomes brown owing to the conversion of the ferrous sulphate into ferrous 
hydroxide and then ferric hydroxide, calcium sulpliate being formed at the same time. 
The latter fixes the ammonium salts (such as have not been already separated), while the 
ferric hydroxide fixes hydrogen and other sulphides : 2Ee(OH)3 -h 3H28 = CH2l^ "h 
(iron sesquisulphid(‘), and also forms iron thiocyanate from hydrocyanic acid {i,e, from 
ammonium cyanide) and thiocyanates, the excess of lime removing the carbon dioxide. 

The whole of the iron present does not take part m tluise reactions, but when the 
mixture is exhausted it can be regenerated by furthcT exposure and turning in the air for 
two or three days, the whole of the sulphur being liberated : 

FeoSg + 30 + 3H2 O - 2Ec(OH)3 + 8S. 

The mass can bo thus revivified and used again some ten or more times, after which 
it is rejected. But this product contains 35-50 per cent, of free sulphur, 10-15 per cent, 
of Prussian blue, 1-4 ptu* ccuit. of ammonium thiocyanate and 1-4 per cent, of ammonium 
sulphate, and nowadays the fre^e sulpliur is often extracted by carbon disulphide, while 
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tioni the residue cvumdes und feiTocvumdes can be obtained ; or the mass is first extracted 
with water to obtain the cyanides and the ammonium sulphate, the dried residue being 
used 111 place of pyrites in the manufacture of sulphuric acid {see vol. i, p. 650) ^ 

As inll, however, be seen, the lime takes no part in the separation of the hydrogen 
sulphide (but only m the fixation of the CO2), so that, in the last few years, Lammg 
mixture 'has been replaced by hydrated ferric oxide (minerals such as limonite, &c.) mixed 
with a little lime and sawdust ; by using natural oxide of iron alone, the reaction becomes 
very energetic, the mass being sometimes almost ignited. These mixtures give good 
results and are placed on the market under various names : Deicke mixture with 66 per 
cent. FcqOs and Lux mixture vutli 51 per cent. ^0203. They are made by mixing the 
powdered iron residues from the working of bauxite with soda and fusing in a furnace, 
the silicates which have become soluble being then extracted by water and the remaining 
ferric hydroxide mixed with double its volume of sawdust : 1 cu. metre of this “ Lux ” 
mixture, at an initial cost at the Ludwigshafen factory of about 15.S. per ton, purifies more 
than 10,000 cu. metres of gas, whilst natural Silesian ferric oxide costs 8-125. per ton. 

The purif}ung mixture is arranged in several layers, all of which are traversed by the 
gas (Fig, 59). The cover to the chamber is water-sealed (Fig. 60), and can be easily raised 
by means of a crane when the mass is to be removed for regeneration. It is sunpler to 
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use a single layer of the mass 50-60 cm. deep, the gas being introduced at a greater pressure ; 
it is then easier to discharge the exhausted mass through an aperture in the base of the 
reservoir.^ At the present day the costly labour required for the regeneration is avoided 
by not emptying the reservoir, a rapid current of air or oxygen being passed through for 
several hours, this operation being rapid, complete and economical ; m some works, how- 
ever, the mass is kept always oxidised by mixing about 2 per cent, of air with the gas 
before passing it into the chamber. 

The cyanogen compounds of the crude gas which are formed from ammonia by the action of heat and cause 
corrosion of ironwork are best separated in the wei way by Bueb’s process (Ger. Pat 122,280, May 1900), in 
which, before being freed from ammonia, the gas is passed into a kind of “ Standard containing ammonia 
and a ferrous sulphate solution of 20® B6. By this means, ferrous sulphide first gradually separates 
[FeSO^ -f- (]SrH 4 ) 2 S = FeS (ITH 4 ) 2 S 04 ], and is then slowly converted, under the action of ammonia and 
hydrocyanic acid, into an insoluble mass composed of ammonium ferroeyanide, (jN'E[ 4 ) 4 FeCy 8 and of a ferrous 
ammonium feiroeyanide, (N’B[ 4 ) 8 Fe(FeCy 8 )j. This sludge, which contains all the cyanides, corresponding in 
amount with 15 to 20 per cent, of crystallised potassium ferroeyanide, is heated to render insoluble the small 
quantity of cyanide still undissolved and to drive off ammonium carbonate, and is then passed to filter-presses ; 
the flltiate is utilised for the extraction of ammonium sulphate, while the cyanide residue is heated with lime 
to give ammonia and calcium ferroeyanide, a solution of the latter yielding pure sodium ferroeyanide when 
treated with sodium carbonate. This process has given satisfactory results in the Turin gasworks and many 
others in Europe, but is already beginning to lose its importance, owing to the discovery of new synthetical 
methods of preparing potassium cyanide (vol. i., p. 435). 

^ This exhausted mass is often utilised for the sulphur it contains, while in many other cases the cyanides, 
thiocyanates, ferroeyanides, &c., are extiacted (see vol. i, p. 650) ; it is also sometimes used on roads as a weed- 
killer — cyanides having a poisonous action on plants — ^and, finally, it has been proposed as a nitrogenous fertiliser 
(it contains on the average 5-6 per cent of nitrogen, one-tenth of which is m the form of ammonia and the rest as 
cyanide), but it must be spread on the naked land two or three months before sowing takes place, as it takes time 
to decompose and become innocuous to vegetation. 
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After purification the through large meters to the gasometers, after traversmg 

a glass hell-jar in 1(7111011 is suspended a strip of moist lead acetate paper for the detection 
of H.S. 

In order to diininisli the cpiantity of carbon monoxide in gcas, L. Yignon (1911) proposes 
to heat it over imie and with steam, by which means non -poisonous hydrocarbons are 
formed. 

EXHAUSTERS. To regulate the pressure of the gas m the retorts and other parts 
of the plant, exhauster'^ arc placed between the condensers and the tar separators, or even 

after the scrubbeiv. Sometimes a bell-aspirator is used, consisting of a bell immersed 
in water and capable of being i*aised and lowered nicchanically, and thus, by means of 
•suitable valres in the lid, of acting both as exhauster and as compressor. There are also 
piston exhausters, others similar to exliaustion pump.s working by eccentrically movnig 
blades (Beale tTpe), &c. The so-called Kdrting mjectors, which make use of steam-jets, 
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ure ako used as exiiausters. 

PRESSURE REGULATORS. Since the development of gas cannot be regulated 
in the retorts, whilst the working of the exhausters is uniform, there may at certain times 

be an excess pressure generated, espe- 
cially if the exhausters cease working 
owmg to damage. Hence, so-called 
'pressure regulators are employed. 

To give an idea of one of these 
simple and mgenious devices, it is 
shown in Fig. 61 how this regulator 
is combined with a Korting steam 
exhauster : d is the exhauster, which 
receives steam from a valved tube, 
h, connected with a bell, I, with a 
water-seal. The gas from the tube a 
passes through the exhauster to the 
pipe g. If an excessive pressure 
develops in the main a, the gas, by 
means of the tube m, raises the bell 
Z, which in its turn effects a wider 
opening of the steam -valve and so 
increases the exliaustion. If the pressure exceeds a certain limiting value, a spring valve 
or partition in n opens automatically, and the gas discharges also by n into the pipe g. 

GASOMETERS. These are formed of large sheet-iron bells fitting one in the other 
and forming a perfect water-seal when they are inverted in a brick and cement reservoir 
of water. To economise water, the reservoir is partially filled up by a brickwork cone 
(termed the ‘‘dumplmg ”), starting from the periphery at the base and rising towards 
the centre, as shown in Fig. 62 ; the gas exit and entry pipes project a little above the 
surface of the liquid. At a certain point (not shown in the figure) these two pipes can 
be put into direct communication, so that, in case of accident to the gasometer, the gas 
can still be led to the mains without interrupting the work. 

To economise in the number and size of the reservoirs and to have gasometers of 
considerable capacity, so-called telescopic gas-holders are now used. These consist of 
several concentric bells (five or six), of w^hich only the smallest is covered, whilst the others 
are caught up peripherally during the rising (or filling with gas), forming a water-seal all 
roimd, as shown in Fig. 63. In order that the beUs may rise centrally they are furnished 
outside with pulleys running along vertical iron guides. The pressure of gas in the gaso- 
meter can be calculated from the weight of the bell outside the water, together with the 
surface and diameter of the bell itself. 

The pressure in the gasometer or mains can be registered automatically by placing 
them in communication with an automatic pressure-measure like that shown in Fig. 64. 
In this the gas raises or lowers a bell fitted with an index which registers the different 
pressures duiing the day on a paper woimd round a cylinder rotated once in 24 hours 


by clockwork. 

There are other forms of pressure indicators, hut the above, although old (in principle), 
is still largely used, being simple and exact. 
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In order to avoid the serious consequences contmgent on a gasometer reservoir erackmg 
or leaking, iron reservoirs built above ground are preferred to-day, the slightest escape 
being then observable and remediable at any moment. Such a suspended telescopic 
gasometer is shown in Fig. 63. 

To meet the enormous daily consumption of gas in large cities more and more capacious 
gas-holders are required — sufficient to contain 3 or 4 days’ supply and so avoid the incon- 
veniences of an interruption of work 
(from damage, stoppages, &c.). In 
Milan, before 1908, the largest of the 
gasometers (measuring altogether 150,000 
cii. metres) had a capacity of 26,000 cu. 
metres ; after 1908, at the Bo visa (Milan)" 
works a new one was brought into use 
which holds 80,000 cu. metres and cost 
little less than £40,000. The firm of 
Kxupps constructed for their own works 
a gasometer holding 37,000 cu. metres ; 
the largest at Berlin contains 80,000 cu. 
metres ; that of Chicago 120,000 cu. 
metres ; and the last built at Xew York 
has a cement reservoir and a capacity 
of 500,000 cu. metres ; in London in 
1888 one was built holding 230,000 cu. 
metres, and m 1892 another mth six bells, 
contaiiimg 345,000 cu. metres and having 
a diameter at the base of 95 metres. Xaturally these gas-holders represent large amounts 
of capital, the cost even for capacities of 30,000-40,000 cu. metres being tens of thousands 
of pounds. Fig. 65 shows diagrammatically the arrangement of a gasworks in the middle of 
the nineteenth century. 

PRESSURE REGULATORS FOR CONSUMERS. In order that consumers mav 
have a miiform pressure in their 
pipes and obtain regular, non- 
oscillating flames vith a normal 
consumption of gas, it is necessary 
to use pressure regulators where the 
principal mains leave the works, 
these regulating the pressure auto- 
matically even when the consump- 
tion IS at its maximum or minimum. 

Since gas is lighter than air, the 
pressure is regulated more easily 
and the flow facilitated by con- 
structing the works at the lowest 
point of the tovm. In the gas-holder 
the pressure is usually 15 cm. of 
water, whilst in the mains it is 
about 2 cm. 

A regulator as ingenious as it 
IS simple was devised by Clegg 
and is in general use at the present 
time (Fig. 66). In a metal cylinder, a, filled with water, a bell, 6, can be raised or 
lowered according as the gas supplied at / has a greater or less pressure. The pressure 
in the bell can be varied by altering the size of the aperture in tube / by which the gas 
is admitted. The orifice i at the upper end of / can, indeed, be closed to a greater 
or less extent by a metal cone, e, attached by a chain to the bell, with which it rises if the 
pressure is excessive — ^thus diminishing i and hence the pressure in the bell — or falls if the 
pressure diminishes too much, more gas then entering through i and the normal pressure 
being thus re-established. This normal pressure can be fixed according to the needs of 
any particular time, by placing on the bell weights, calculated to give the required 
n 4 
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presaui'e. By means of this simple regulator the gas issues from at a constant pressure 
and can be iin mediately passed into the mams. 

In general, however, the pressure is not the same in all the mains, but diminishes as 
the distance from the works increases. But it is not advisable to have the pressure too 
high, since the losses due to unavoidable leaks in the pipes are greater the higher the 
pressure, and the latter is usually maintamexi at 15-20 mm. of water at the points most 
remote from the works. 

Ill order to render the distribution of the gas to considerable distances more economical, 
attempts have been made to employ a pressure of 1-1*5 atmos. on the gas, the latter 
being preferably from vertical retorts and as free as possible from naphthalene. 

GAS-METERS, These are used to measure the gas in factories and private houses, 
smce nowadays payment is according to the volume con- 
sumed and not aecordmg to the number of burners, as was 
once the custom. Dry meters have disappeared almost 
everywhere, general use being made of the water meters 
devised by Clegg and by Malam, and since improved so 
that they are now perfect gas -measurers. The principle 

on which their working is based is shown clearly by Fig. 67, 
representing an old form of the Malam meter. A cylmdrical 
chest, X, half -filled with water, contains a drum rotatable 
about a horizontal axis and divided into four chambers, 
A, B, 0, and D, communicating at the centre by means of 
the narrow* slits &, and opening into the periphery at X by 
the slits c. The gas is led by the tube a into the central 
part of the drum and, in the position shown m the figure, 
communicates only with the slit h of the chamber JD ; 
the latter is thus slowly filled with gas (which has a 
slight pressure), the drum being thereby raised and water 
caused to escape from c. Thus the chamber D becomes 
filled with gas in the position occupied by C, which has 
allowed its gas to escape gradually, the rotation indicated 
by the arrow having caused it to fill with water through 
the correspondmg slit, 6. Subsequently the gas fills the next 
chamber. A, which displaces D, and so on. The gas passing 
through this apparatus proceeds along the tube K to the 
consumer’s burners. If all the taps are turned ofi, the 
drum cannot allow the gas to escape from it, and hence 
does not turn. The chambers have definite volumes, and 
if the axis of the drum is connected with a suitable mag- 
mfymg apparatus the number of turns of the drum and 
consequently the volume of gas traversing it can 'be 
measured. 

This apparatus exhibits many structural defects which 
cause inaccurate measurements, and are now avoided by 
the meter shown in Figs. 69, 70, and 71. Here the drum has transverse walls which 
are inclined and not parallel to the axis (Fig. 68, F, W)^ so that the filling with 
the gas or water and the discharge take place gradually and do not cause oscillation 
of the flame. The gas enters by the tube I into the division Ic (Figs. 69 and 70) and 
passes into E tlirough the orifice regulated by a floating valve, Ji. Thence the gas 
goes to the anti-chamber, B, by way of the elbow-tube, n x, opening above the level, 
If, of the w*ater. The aperture, o, connecting the tube, a;, with the anti-chamber is large 
enough to admit of the passage of the axis of the drum, but remams closed owing to the 
level of the water being above it. As the slits of the drum gradually present themselves, 
the gas enters successively the chamber of the drum from one side and issues at the other 
into the outer easing. A, then passing through the tube g to the gaspipes. Water (or better, 
a mixture of water and glycerine, which does not freeze) is introduced by the opening V, 
the level of the liquid being fixed by the tube n, so that the flow of gas through the valve i, 
is regulated ; the excess of water is discharged by the tube wand passes into the reservoir, m, 
thence by the tube t to S, the orifice, u, of which is left open while the water is being added. 



Fig. 64. 
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The axis of the rotating drum has, at one end, a continuous screw, a (fig. 71). which moves 
a toothed wheel, a ; the latter, by means of the axle, c, produces rotation of a clockwork 
arrangement in J, so constructed that one wheel indicates litres and tens of litres, another 
cubic metres, a third tens of cubic metres, and a fourth hundreds of cubic metres. 



Fig. 66. 


Fig. 67. 


Fig. 68. 


The last few years have seen the successful introduction of the new dry meters and of 
automatic meters, of which alone Berlin contained 84,000 in 1905. By placing a 10-pfennig 
piece into one of these automatic meters, 500 litres of gas are supplied. *In 1906 Berlin 
had in addition 191,000 ordinary meters. 

YIELD, VALUE, AND PRICE OF GAS. These vary with the nature of the coal used 
and with the conditions of carbonisation. In the large gasworks of the principal European 
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tOAViis tli0 Yields Tciry betAveen the following limits : coke, 63—/ 6 per cent., more 

coiiiiiioiily "69-71 piY cent. ; Ur, 4-6 per cent. ; ammonia liquors, 9*8-12*5 per cent. ; 
cas, 25-31 ell. metres (ot ^p. m*. b*36n-O*4S0). At Beilm every ton of coal yielded on 
t\e aimragc' 287 3 cii. metre- in 1900, 305 in 1901, 320 in 1902, and 324*4 m 1904, m addition 
to 690 kilos of coke, 54 kilo.s of tar, and 120 kilos of ammonia liquors. 

Ill many gasivoiks at tlie present day, instead of installing new plant, increased con- 
sumption of gas is met by mixing with water-gas (or hliie gas), and as the calorific value of 
tins is only about one-half that of coal-gas, benzene or heavy petroleum vapours are also 
added. Water-gas generators give a rapid production, do not form naphthalene or tar, 
and yield a gas costing less than half that of ordinary gas ; this is, however, very rich in 
carbon monoxide, which has caused numerous cases of poisoning m the United States, so 
that the medical men are now (1910) instituting a campaign to forbid the use of water- 
gas.^ 

The cost of manufactui'e of bituminous coal-gas vanes wnth the different factors 
affecting its production, especially Avith the size of the AA’^orks, the prices of coal and labour 
and the greater or less completeness with AA'hich the secondary products (ammonia, 



Fig. 69. Fig. 70. 


cyanides, sulphur, tar, &c.) are utilised. Li Berlin the mean cost of manufacture seems 
to be less than 0*75^^, per cubic metre, AA’hile at hlilan it is about 0•85^^.^ Gas varies in 
price in different tOAvns from 1-15 to 3-8^?. per cubic metre (32-lOOdJ. per 1000 cu. ft.) ; in 
Pans it is 1*9, in Milan 1*25, m Oneglia 2*9, in Messina 3*2, in Yenice 3*5, in Catania 3*8, 
and in Naples 3dd. per cubic metre. [In England often much cheaper. — Translator.] 
STATISTICS. The consumption of lighting gas (subject to tax) m Italy in 1902 was 
139 million cu. metres, and exempt from taxation (for engines, &c.) 56 million cu. metres. 
In 1898 the total production Avas 198 million cu. metres ; in 1902,211 million cu. metres; 
in 1908, 308 million cu. metres obtained from 1 million tons of coal, vdth a yield of 51,000 

^ AVater-gas, reinforced with benzene and mineral oils, costs about 15 per cent, more than ordinary gas but 
presents varxom advantages : without expensive plant, a production higher than the capacity of the works 
can be supplied ; part of the coke is utilised, over-production and consequent lowering of the price being thus 
avoided ; less consumption of coal for gas and hence less danger of rise in price of coal ; less labour ; rapid pro- 
duction even in the event of a strike. In England over 500,000,000 cu. metres are produced per annum. 4 grms. 
of benzene per cubic metre of gas increase the luminosity by one candle. A mixture of two-tbirds of illuminating 
gas and one-third of water-gas gives a luminosity of sixteen candles when treated with about 40 grms. of benzene, 
the cost of the latter being about 0*6<f. per cubic metre. 

* We give here an approximate industrial balance-sheet referred to one ton of coal and to the conditions employed 
m the Milan gasworks : 

(a) Eeceipts * 264 cu. metres of gas (290 actually produced, less 9 per cent for escapes and consumption in 
works) at 0 13 lira gives 34-32 lire ; 700 kilos of coke, 22*40 lire ; 45 kilos of tar, 1-35 lira ; 9 kilos of ammonium 
sulphate, 2 70 lire ; cyanides, graphite, slag, ashes, 0 06 lira. Total receipts, 60*83 lire, 

(&) JSxpendUure : 1 ton of coal, 30 lire ; coke for heating the furnaces (160 kilos), 5 32 lire ; purifying and 
Laming^ixtures, 0 37 lira ; sulphuric acid and expenses for ammonium sulphate, 1*44 liia ; salaries and wages, 
10 58 lire ; taxes, 0*671ira ; fire insurance, 0 OOllira ; workmen’s insurance, 0 175 lira ; general expenses, 1 10 lira ; 
maintenance of works, private and public expenses, new plant, 3 lire ; maintenance ot meters and sundry other 
expense*, 0 090 lira Total expenditure, 53 23 lire, 

Net profit, about 7*60 lire. 


GAS STATISTICS: TESTING 5:1 

ton^ of tar and 709,000 tons of coke ; m 1009 the gas produced in Italy in IDS storks 
amounted to 318 inillioii eu. lnct^e^ having a valm* ol two iniiJioiis sterfiiui. At Milan 
in 1903, 40 million cu. metres ot ga-^ were produced, in 1905 a])out 47 million cii. mitre 
in 1907 almost o8 miUion cu. metres, and ui 1908 about 01 million cii. metres (7000 
incandescent gas lamps bemg used for public lighting). Paris alone consumes annually 
350 million cu. metres, tvv’'o-thirds by night and oiie-thu*d bv" dav (for ctmiiies, &c. ), and 
Berlin in 1908 about 250 mdlion cu. metres (in this city gas manufacture is nmnicipahsed, 
and the community draws an amiual profit of about £350,000). From 1886 to 1904, the 
consumption m Brussels increased from 15 to 39 million cu. metres, that is, from 85 to 
204 cu. metres per head per annum. 

The various sources of light used to supply the needs of Pans in 1889 were in the 
follow uig pioportions z wax, tallow, stearm, 1*6 per cent. 5 ^’egetable oils, 4 5 per cent* ^ 
petroleum, 1/*/ per cent. ^ electricity, 18*9 per cent. ^ gas, 57*3 per cent. In Berlin, 
wdiere the consumption of gas m 1889 was 117 million cu. metres and where 54,000 tons 
of petroleum were used for lighting purposes, the proportions were as follows : peti oleum, 
50 per cent. ; gas, 47 per cent.; electricity, 3 per cent. 

England carbonises annually 1 6 million tons ol coal 
(in 1906) to piocure 4500 million eu. metres of illumi- 
nating gas. Germany, in 1896, distilled 2,727,000 tons 
and consumed also one million tons of petroleum, 
equivalent to 2000 million cu. metres of gas ; in 1905, 

310 large gasw’orks used 4,600,000 tons of coal, ot 
w^hich one -fourth was imported from England, and 
700 other small works carbonised a total of 1,000,000 
tons ; ui 1910, the total coal used for gas m Germany 
amounted to about 6,500,000 tons,^ one-haK the total 
production being used for gas-engines, of which there 
were 35,000 developing 170,000 horse-power (m 1898 
there were about 22,000 gas-engmes using 33 per cent, 
of the total gas produced). 

In the United States 1640 million cu. metres of lighting gas were produced m 1907, 
the value being £3,200,000. In 1909 the United States contamed 1296 gaswnrks with a 
capital of £183,107,400, the number of oiBScials bemg 13,515 and the number of operatives 
37,215. The output of gas and other products was valued at £33,400,000, and 53 per 
cent, of the total production consisted of water-gas. In Japan the industry was started 
only m 1901, and m 1907 the production had reached 44 million cu. metres. 

The manufacture and nature of air gas, producer gas, suction gas, Rich^ gas, water gas, 
&c., are described m vol. i (p. 393). 

PHYSICAL AND CHEMICAL TESTING OF ILLUMINATING GAS. As regards 
the determination of CO, CO25 N, and 0, Orsat’s apparatus (^ee vol. i, p. 375) gives good 
results. The estimation of hydrogen is effected with the ordinary Hempel burette or 
simply by determmuig the diminution in volume of the gas after passmg it through a 
capillary tube contammg palladmised asbestos heated at about 100® [see vol, 1, p. 137). 
Then comes the determination of unsaturated and aromatic hydrocarbons, which are all 
absorbed by fuming concentrated sulphuric acid, the gas being measured before and 
after the absorption in the Hempel burette (the gas bemg washed with potash after the 
absorption). The methane is estimated by exploding the gas remaining m the burette 
with a knovm volume (in excess) of oxygen by means of an electric spark, 2 vols. oi the 
gaseous mixture (gas + oxygen) disappearing for every 1 vol. of methane, according to 
the equation : 

CH4 + 2O2 - CO2 + 2H2O. 

1 Yol. 2 vols. 1 vol. condenses 

^ For the production of gas in Berlin 352,000 tons of German coal and 397,000 tons of English coal were used ; 
at the English ports the coal cost 8s. per ton in 1904 and lie, 4|id. in 1909. The cost of transport from the 
Bnghsh mines to Berhn amounted to 7s, $id, per ton, whilst from the German mines at Buhr to Berlin it exceeded 
8s. ll<f. At the gasworks in Berlin the English coal cost 16s, Zd. per ton, and the German (from Silesia) 20s. M. 
per ton. In Germany 44 million cu. metres of gas were consumed in 1859, 350 million cu. metres in 1879, about 
600 miHion cu. metres m 1889, almost 1200 million cu. metres in 1899, and about 1800 million cu. metres in 
1908, there being 1200 factories, representing a capital of £80,000,000 (for Berlin alone £12,000,000 and for Muiiieh 
£640,000). In 1880 only one-half of the gasworks were municipalised, and in 1909 two-thirds, the profit amounting 
to 8 to 13 per cent, on the capital. 
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To estimate the ammonia in the purified gas, 200 litres of it are passed through 10 c.c. 
of an N/10 solution of liydi’ochloric acid, the excess of which is subsequently determined 

by titration. 

Tlic determination of the total sulphur compounds can be simply effected, according 
to F. Fischer, as follows : About 50 litres of the gas (measured by a good meter) are 

burned in a small Bunsen burner, g (Fig. 72), 
in the dra-^m-out bulb, A, of a bulb-con- 
denser arranged as shoA^n. All the sulphur 
of the sulphur compounds burns, forming 
sulphurous and sulphuric acids with the 
■water from the combustion of the gas, this 
condensing in the bulbs of the condenser 
and bemg collected at the bottom in a 
beaker by means of the tube e. The com- 
bustion is regulated so that gas containing 
4-6 per cent, of oxygen escapes at o. Water 
Fig. 72. enters the condenser at 2; and leaves at n. 

At the end of the operation, the bulbs are 
rinsed out -with water and the sulphurous acid m the liquid oxidised by means of pure, 
neutral hydrogen peroxide solution ; the sulphuric acid is then titrated ■with N/10 sodium 
hydroxide solution. If the sulphuric acid is estimated gravimetrically with barium 
chloride, the oxidation of the sulphurous acid must be effected wnth hydrogen peroxide 
free from sulphates. The quantity of sulphuric acid found 
gives the total sulphur-content of the gas. " A w^ell -purified gas ^ 
contams less than 0*5 grm. of sulphur per cubic metre. 

The hydrogen sulphide is estimated separately by passing a 
known volume of the gas through ammoniacal silver nitrate 
solution, which is afterwards acidified with a little nitric acid, 
the silver sulphide being filtered off, washed, dried at 100°, and 
weighed. 

The calorific power can be determined fairly rapidly by 
means of the Jmiker calorimeter (Fig. 73, section, and Fig. 74), 
which consists of a metal cylmder, C (the letters refer m all 
cases to Fig. 74), ■which is mounted on three feet, and inside 
which a known volume of the gas is burned by means of the 
Bunsen burner, n. The hot products of combustion pass several 
times up and down the calorimeter and issue at the outlet S, 
which is furnished with a valve and also regulates the air- 
draught. Passing m a direction opposite to that of the gases 
of combustion and in alternate adjacent chambers is a current 
of water W'hich enters by w the small reservoir m, the excess 
bemg carried off by the overflow, 6, while a regular stream 
passes through the tap e (furnished ■with an mdicator) into the 
calorimeter at a temperature given by the thermometer x, and 
flows away at c at a higher temperature, sho'wn by the ther- 
mometer y. When the combustion is started, the entry of 
water is regulated by means of e, so that the thermometers, 

X and y, indicate a temperature difference of 10-20° ; when 
the flow of both gas and water is constant, the thermometer y 
soon shows a constant temperature. 

The gas is measured by the meter, G, and then passes 
through the regulator, P, to the Bunsen burner, 9^, which is drawn from the calorimeter to 
be lighted and is then pushed in again to the height q (about 6 in. up). If the apparatus 
is in order, no w'ater should fall from d into the cylinder, v, 

T\lien water is discharging from b and from c, and the thermometer remains stationary, 
as soon as the index of the meter reaches the zero mark or a definite number of litres, 
the rubber tube c is instantly placed from t into F, which is a graduated cylinder placed 
quite close to the discharge-funnel, In the cylmder F is collected all the water which 
is discharged during the combustion of a definite volume of gas (in the proportion of 
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100 to 200 litres of illnmmatmg gas or 400 to 800 litres of suction gas or Dowson gas per hour). 
Exactly at the moment when the meter indicates the volume of gas fixed upon, iiibber 
tube, c, IS removed from V to t. During the course of the experiment the small variation.^ 
in the indications of the thermometer y are noted at intervals, the mean temperature 
being subsequently determined. 

The graduated cylinder, contains the condensed -water (a c.c.) formed during the 
combustion of the gas, and this, m condensing, has given up to the -water of the calori- 
meter a certam quantity of heat, which must be subtracted before calculating the net 
calorific power. The gross calorific power, U, expressed m calories per cubic metre, is 

„ .4 T.IOOO , , , 


calculated by means of the formula : U = 

of water in litres collecjted in 7, and Q 
the volume of gas burned. If, for 
example, Q = Z litres, A = 0-900, T = 

18° (that is, 26*77°, the mean of six 
readings of the thermometer y, less 
8-77° shown by the thermometer x to 
be the temperature of the w^ater enter- 

, 0-900.18.1000 

ing at e), we have U = — g 

= 5400 Calories per cubic metre of 
gas. In cases where the gas is used in 
engines or other apparatus from which 
the products of combustion issue at a 
temperature above 65°, the water -vapour 
does not condense and the gross calorific 
power must be diminished by the heat 


where .4 indicates the quantity 
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Eig. 74. 


due to the condensation of the water-vapour produced by the combustion of the gas in 
the calorimeter. Erom U must hence be subtracted a value obtained by multiplying by 
60 the number of c.c. of water condensmg during the combustion of 10 litres of gas. 
This net calorific power, U\ is, for illuminating gas, usually 10 per cent, lower than the 
gross calorific power, U. 

The specific gravity sometimes serves to test the constancy in composition of gas or 
to compare two different gases ; it also gives a rough idea of illuminating power, since 
the specific gravities of the more highly light-giving hydroearhons— acetylene (0*920), 
ethylene (0-976), propylene (1*490), and benzene (2-780 )--are higher than those of the 
non-luminous components — hydrogen (0-0695). methane (0-559), &c. The specific gravity 
can be determined rapidly and exactly with the Bunsen effusiometer {see voL i, p. 39). 

ILLUMINATING POWER. There is no absolute measure of the power of different 
sources of light, but these can be compared when a conventional unit has been chosen. 

This standard of light has been differently chosen in different eonntries and has been 
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continually modified. Tliii.s in Enciland spermaceti candles arc used of siicli size that 
SIX wei^di 1 lb , while, Mhen burned, they lose 7-78 grms. (120 grains) per hour with a 
flame 45 mm. in height. in Germany in 1872 a paraffin candle 20 inm. m diameter 
was (‘inployedj the wiek IniMiig 24 thr(‘ads and weighing 0 6G8 grm. per metre and the 
flame being 50 mm. high ; six of these candles weighed 1 lb. Use is now made in Germany 
of the more rational Hetner-Alteneck lamp, fed with a liquid of constant composi- 
tion, namelv, amyl ii'^'etate, the compact Mick, 8 mm. m diameter, protruding 25 mm. 



Pig. 75. Pig. 76. 


from the metallic sheath holding it ; the flame is 40 mm. high. In France and Italy 
the Carcel lamp is used, this consuming 42 grms. of purified colza oil per hour and having 
a Mick Minch is 23*5 mm. in diameter, is formed of 75 threads, and M^eighs 3*6 grms, 
per 10 cm. 

The relative values of these different units is as foUoM^s: 1 Carcel == 9*600 English 
candles (spermaceti) = 8*768 German candles (paraffin) — 10*526 Hefner-Alteneck flames. 



The luminous unit being 
fixed, different sources of light 
and their lUuininatmg powers 
can be compared means of 
photometers. Of these, the one 
most largely used is that of 
Bunsen, which is based on the 
principle that the intensity of 
light produced on a definite 
surface by a source of light is 
inversely proportional to the 
square of the distance. If the 
distance between the souxee of 
light and the surface illuminated 
is trebled, the intensity of the 
iUummation is diminished to 
one-nmth of its previous value. 


xne luminosities oi wo names, 
1 and Zi, Mhich illuminate equally a given screen and are at the respective dis- 
tances, L and L^, from it, are directly proportional to the squares of these distances : 
I : Ii — and if Ij is the unit of measurement, the intensity of the other source 

of light Mill foe : Z = The Bunsen photometer (Fig. 75) consists of a horizontal iron 


photometer bench 3 metres long and divided decimally (into half -centimetres or milli- 
metres) ; at one end is placed the comparison electric or candle lamp or the Carcel lamp, 
the consumption of oil m which is regulated by a small pump actuated by a clockwork 
mechanism, weighmg on a balance the consumption in a given time (mdicated by a beU) 
—this corresponding with 42 grms. of oil per hour. A screen of paper can be moved 
backwards and forwards along the bench and normally to it, the middle of the screen 
being rendered translucent by means of a grease spot (speimaceti) ; at the other end 
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of the bench is placed the light to be examined. When the screen is eq^ually liluiniiiated 
on its two faces, the grease-spot is no longer perceptible. The intensities of the two 
sources of light are then proportional to the squares of their distances from the sciecn. 

The measurement is made m a dark room and, in order to render more evident the 
disappearance of the spot on the two surfaces, the screen is placed between two iniiTors 
arranged at an angle (Fig. 76). An improvement on the Bunsen photometer has been 
made by Luinmer and Brodhun, who substitute for the screen with the grease -spot a 
closed box, h (Fig. 77), in which are two opposite circular apertures, these iliuiiimating the 
two faces of a white screen, /, by means of light from the standard lamp, and that to be 
tested placed at the two extreme ends of the photometer bench. By means of a system 
of prisms, A B, the two faces of the white screen reflect the light on to two concentric 
zones of the field of the eye -piece, r. When the two faces of the screen are equally illumi- 
nated, the two zones of the field also appear uniformly lighted 


OIL-GAS 

In cases where the mstallation of a plant for the carbonisation of coal would be 
inexpedient, owing to the small consumption of illuminatmg gas, it may be convenient 
to prepare oil -gas by dropping into a red-hot retort {see latei, ‘"Crackmg” Process in 
the Petroleum Industry) fatty residues, tar oils, resins, and petroleum. This destruction 
by heat produces a gas which can be readily compressed without separation of liquid, 
and, enriched with 25 per cent, of acetylene, is used for the iilmmnation of railway carnages. 
Oil-gas can also be prepared easily and abundantly by droppmg oil into gasogens eon- 
taming red-hot coke. 

As early as 1815 public lighting with oil -gas was attempted (Liverpool used it for some 
years), but it was only after 1860-1870 that this industry assumed importance. From 
100 kilos of lignite paraffln oil are obtained 60 cu. metres of gas, and with a consumption 
of 35 litres of the gas per hour, 7*5 normal candles (German) are obtained ; its illuminatmg 
power is four times as great as that of ordmary lighting gas. If a greater jield of the 
gas is obtained, it loses m lUummatmg power. The purification of oil-gas is carried out 
in practically the same way as that of coal-gas. Mineral oil for gas and for engmes is 
produced in large quantities in Galicia, where it is sold for less than 19-5d. per cwt. (4 lire 
per quintal) ; Germany alone imported 30,000 tons of it in 1909. 


^ Comparison between Various Sources of Lig’ht To produce the luminous intensity of a Hctner candle- 
hour <HK), the foEowing quantities of lighting materials must be consumed : 


rStearme, first quality 

. 7*87 grms. 

Acet 

1 » third „ 

. 9*58 „ 

' 

Paraflan .... 

. 6 27 „ 


1 Two parts of paraffin and one 

Of 

63 g J 

V steanne .... 

. 6*93 „ 


Carcel : colza oil . 

. 3 99 „ 

.a 1 

Petroleum, flat wick 

. 2*76 „ 

3J 

ft f 

„ round wick . 

|2*80 „ 

1 

’ [3 60 „ 

"o 

1 Spirit : incandescent 

. 1*90 „ 


^Petroleum with Auer mantle 

. 0-50 „ 

o 

O) 

1 ^ 


rJFish-tail 

I Argand . ... 

Auer ... 

Millenium (gas under pressure) . 
Auer with inverted flame. 

Arc lamp of small power . 

Arc lamp of high power . 
Incandescent Edison 
Metallic filament (osmium, 
tantalum) . . . . 

Mercury 'vapour 


Utres 


0*6 
19*0 
10 

leo „ 

0*75 „ 

0-70 „ 

1*20 volt -amps 

0*25 

3-70 

1*90 

0*50 


It IS easy to calculate the cost from the prices of the various methods of lighting, these varying from town to 
town and from country to country. In 1896 Lupke calculated the following numbers of normal candle-hours to 
be obtamable for one mark (one shilling), the calculation being only valid for that period and for Germany : wax, 
33 ; stearine, 77 ; colza oil, 150 ; electric lamp with incandescent carbon filament, 150 ; fish-tail gas-jet, 625 ; 
acetylene and air with an edged burner, 716 ; oil-gas, 1660 ; water-gas with benzene, 1666 j electric arc lamp, 
2232 : Auer gas lamp, 2300 ; Auer water-gas lamp, 4350. 

From gas at l*9/i (0 2 lira) per cubic metre, as a source of heat. 1000 cals, are obtained for 0*28d, (0-04 lira), 
whilst, using electric current at 3*07<f. (0 32 lira) per kilowatt-hour, 1000 cals, would cost about 3 65d. (0*38 lira). 
For power purposes, the electric current [at 2*4d. (0*25 lira) per kilowatt-hour] costs more than double as much as 
gas [at h72ii. (0 18 lira) per cubic metre]. 

During the past few years a considerable advance has been made by the use of incandescent electric lamps with 
metallic filaments (tantalum, tungsten, osmium, &c,), which reduce the consumption of electrical energy by one- 
half. But at the same time gas lamps have been improved by the use of high-pressure gas, and those with inverted 
flames are still decidedly more economical than metallic filament electric lamps From the hygienic point of view 
the disadvantages of gas lighting have been exaggerated, as it has not been realised that the use of gas causes cir- 
culation and renewal of the air, and that the production of water- vapour and carbon dioxide are negligible compared 
with the similar effects produced by the respiration of human beings. 
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PETROLEUM INDUSTRY 

Crude xietroleum also goes under the name of 'mineral oil or 'naphtha, and 
is a more or loss dark liquid (according to its origin) with a peculiar, pro- 
nounced odour. It IS found in various parts of the earth m the strata of the 
tertiary epoch and also of pieceding epochs. The principal centres of pro- 
duction are Baku (Russia) and the Umted States.^ 

In some places it overflows at the surface of the earth through porous 
rocks or clefts ; in other's it is found accumulated under pressure in large 
ca\ities or pockets, since when it is reached by borings or wells, powerful jets 
rise above the surface of the earth often to the height of 100 metres, thus 
forming fountains of petroleum which last from a few weeks up to seven or 
eight months and throw up also large c^uantities of inflam m able gases and 
sand. 

Some petroleum deposits have been gradually evaporated and oxidised 

» History or the Petroleum Industry. Ihe use of petroleum and of tar goes back to the earliest historical 
times (the Biblical legend relates that Noah rendered lus ark impermeable by means ot tar, and in the construction 
of the Tower of Babel a mortar was used prepared ^^^th naphtha! (?)) Certain races then employed naphtha 
as a combustible, and the Egyptians made use of it in the preparation of mummies. 

In small quantities petroleum is found m nearly all countries, but 95 per cent, of the total pioduction is gi\cn 
by North America and Bussia. o centuries before peti oleum was used m America that from Paima in the Apen- 

nines was used for lighting, e g. at Genoa, Parma, ttc. The most inoiportant petioleum wello now in Italy are m 
the ProMnce of Piacenza (at Eiorenzuola d’Arda) and at Saisomaggiore, Borgo S Donnino, and Montechmo ; 
less important deposits are found also in Calabria. At Yelleia the industry has been worked for many years by 
a French company, many wells 2UU to 45U meties deep having been sunk along the right bank of the Chero ; this 
company was absorbed by au Italian syndicate m 1907. 

In Austria the region iichest in petroleum IS Galicia In 1S95, when a well 300 meties deep w’as bored, a 
fountain was formed w’hicli, in thirtj-six hours, yielded 5000 bairels of petioleum (1 barrels 42 gallons == 
159 litres = 145 kilos). Still more important wells in other countries are mentioned on p C6. 

In JK-ussia the most important sources of petioleum aie found in the proMnce of Baku (99 per cent of the whole 
production is obtained from an area of 6 sq. kiloms ), and partly at Grosiij, to the noith. From the most remote 
times, before Christ, mcred fires^ fed by petroleum and bj the inflammable gases liberated fiom it, have been kept 
bunung uninterruptedly in the temples (down to ISSO) Buiing his \oyage in the thirteenth centmy Warco Polo 
vi&ited these marvellous springs of “ oil not good to me with Jood but good to bum and also used to anoint camels that 
kaie the mange’* 

In. 1820 the Baku petroleum w’elis were declared the property of the Russian State, and the Government made 
concessions to contractors who worked them m a primitive manner until 1872. In 1873, the most impoitant 
wells and petroleum-bearing lands weie put up for auction by the Government, who levied a tax on the petroleum 
extracted. This condition of aflairs was less favourable than that holding in the American industry, so that 
m 1877 the tax was repealed and the Russian petroleum industry, passing into the hands of great capitalists 
(Nobel, Rothschild, Ac ), underwent extraordinary development and often competes advantageously with that 
of America. 

The first plant installed by Baron Thormann for the distillation of petroleum was constructed at Baku in 1858 
according to suggestions and plans furnished by Liebig, carried out by one of Ins assistants (Molderhauer). and 
improved by Eicliler. The first wells bored on the American system date from 1869. Before 1870, the production 
was only 250,000 poods (1 ■pood = 16*38 kilo), but in 1872 it reached 1,500,000 poods and then grew with astounding 
rapidity (see later, Statistics). 

There are also important petroiemn deposits in Japan, but the production is still limited : in 1 874 it amounted 
to 126,150 kwan (1 kwan = 3 78 kilos), m 1884 to 1,400,000 kw*an, and in 1903 to about 126,000 tons. 

During recent times important sources of petroleum have also been discovered m Canada. 

The greatest impulse to the petroleum industrj’ has come from the United States of America, where important 
deposits of petroleum have been found, first m the State of Pennsylvania (in a strip of land about 100 kiloms. 
long, the production of petroleum increased from 3180 hectolitres in 1859 to 16,000,000 hectolitics in 1874, the 
price per barrel fading during the same period from 100 lue or £4 to 6*5 lire or 5s ; these deposits are now 
apparently becoming exhausted), and then in Virginia, Ohio, Indiana, California, Louisiana, and Texas. At the 
present time the most important sources of petroleum in the United States are in the Washington district. 

The first studies on petroleum in America were made hy Sillmian in 1854, by fractional distillation, and these 
were followed by unsuccessful industrial efforts caused by the low production of the wells utihsed and by many 
commercial difficulties, which were overcome by L. Drake m 1859 by the use of artesian wells. 

The first petroleum well in America was obtained by pure chance ; at TitusviUe in Pennsylvania a well was 
being sunk for drinking water and when a depth of 22 metres was reached, a continuous jet of petroleum 
appeared yielding 4000 litres of naphtha per day 

Just as America was taken wuth the “gold-fever" after the discovery of gold m California, so the United 
States caught the petroleum fever. Pennsylvania was invaded by adventurers, and borings were made wherexer 
the geological formation of the earth admitted of it , all had faith m the goddess Fortune, who, as always, 
favoured some and drove others to ruin and despair. In 1861 the number of derncks (used for boring) exceeded 
2000. The work was earned out hastily and without thought, usually empirically, the idea being to succeed first. 
Much petroleum was lost, and much was burnt, causing immense losses and ruin to numerous firms. 

Great capitalist companies were then formed and these studied calmly and rationally the technical and com- 
mercial problem and \ ery soon created an enormous industry, which rapidly brought petroleum into common use 
all over the world. Ships and raihvays and then iron pipes ten and hundreds of kilometres in length served to 
transport the petroleum rapidly, continuously, and economically from the wells to the refinencs and ironi these to 
the seaports, where it was shipped to the merchants. 
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during the lapse of ages, leaving a black deposit of mineral tar or asphalte {see 
section on Paraffin). 

ORIGIN OF PETROLEUM. Various hypotheses have been put forward to explain 
the origin of petroleum, and even to-day opinions arc divided, probably owing to the 
fact that petroleum has not one suigle origin, since, in diherent parts of the c‘artli\s crust, 
it has different qualities and compositions. 

(1) Hypofhesis of hioiganic Qngm, A. v. Humboldt supposed petroleum to have 
origmated from inorganic gaseous products mider the mtiuciice of volcanic forces, and m 
1866 Berthelot advanced the hypothesis that, b^^ the action of carbon dioxide on 
alkali metals mside the earth’s crust, acetyhdes would be formed which with hydrogen 
would give acetylene derivatives, these then midergomg various condeiisatioiL' to form 
petroleum and tar. Byasson m 1871 explained the formation of the liychocarbons of 
petroleum as due to the action of H 2 S, CO 2 } and water -vapour on la^’ers of red-hot non, 
this action being produced by the infiltration of sea-water, tlirough clefts at the bottom 
of the ocean, m such a way that, together with calcareous matter, it was brought into 
contact with deposits of heated ii’oii or iron sulphide. Mendelejeft (1877) regarded the 
hydrocarbons of petroleum as originating in the igneous strata of the earth's crust by 
the action of aqueous infiltrations on pre-existing deposits of carbide of u*on or other 
metallic carbides. From 1877 to 1879 Cloez obtamed support for Mcndeiejeff's hypo- 
thesis by showmg experimentally that saturated hydrocarbons are formed when cast 
iron or spiegeleisen (substances which contain carbide of iron) is dissolved m acid. In 
1891 Boss brought forward agam and modified Byasson’s hypothesis ; he assumed that 
volcanic gases, especially H 2 S and SO 2 , in contact with heated chalky rocks, would form 
gypsum, with separation of sulphur and production of saturated and uiisatiirated hydio- 
carbons (this W’ould also give an explanation of the origm of sulphur, yet in Sicily, where 
sulphur abounds, no petroleum is foimd !). 

These various h;^^otheses on the inorganic origin of petroleum assume the formation 
of the latter in igneous primitive (archaic) geological strata, wiiere the presence of organic 
compounds is excluded, the petroleum then findmg its way to the higher layers of the earth's 
crust by seismic convulsions. But it is precisely these older archaic strata, deprived of 
water and of organic substances, which give no trace of petroleum. On the other hand, 
if the petroleum were formed m very^- hot strata, it should issue from the borings at a 
moderately high temperature, and there should have been separation of the light petroleum 
(more volatile) and the heavy into distinct layers. But this is not actually the case. 

However, during recent years this hy’pothesis has agam come mto iavour, owdng 
to the interesting work of Moissan (1894-1896) on the formation of saturated hydro- 
carbons by the action of w’-ater on alummium carbide {see p. 34), and that of Sabatier 
and Senderens (1896-1902), who showed experimentally that, m presence of cataljffic 
nickel (obtained by reduction of the oxide with hydrogen at 300°), hydrogen and un- 
saturated hydrocarbons (ethylene, acetylene, &c,) give rise to saturated hydrocarbons 
such as occur in petroleum (p. 34). But even these syntheses do not yield very high 
and solid hydrocarbons like those present in crude petroleum, although recently (1908- 
1909) A. Brim, Stieger, and Becker showed that hydrocarbons similar to paraffin are 
formed by the interaction in the hot of iron carbide and ammonium chloride, even in 
absence of water, 

(2) Hypothesis of the Vegetable Origin of Petroleum. This w^as enunciated at intervals 
by Binney (by distillation of peat), by Kobell (by distillation of coal), and by Bischof, 
who considered petroleum to be formed by the action of sea-water on cellulose and 
on coal included in the geological strata of the earth’s crust. This hypothesis of the 
vegetable origin was later supported or attacked by various writers, and to the fact 
that, in general, carboniferous strata do not contain petroleum, is opposed the discovery 
of small deposits of petroleum in the coal-seams near Wombridge and of certam 
petroliferous substances in Japanese coals ; but Hofer show^ed that, in the first case, 
the neighbourhood of bituminous schists, rich in the remains of fishes, could not be 
excluded, and, if it is desired to explain the formation of petroleum from marine 
vegetable organisms, it is not possible to conceive of a sufficient quantity of these to 
give rise to the immense amounts of petroleum now discovered. Further, other more 
recent geological investigations would exclude the vegetable origin of petroleum, although 
the most recent chemical work tends to render such origin highly probable. It is, indeed, 
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found that petroleum rotates tiie plane of polarisation of light to the right (see late^)^ 
as do most optically at live \egetabie substances^, ■whilst substances ot animal oiigin lotate 
It preferably to the l(*it. Eiigler, however, states that this observation is not very con- 
clusive, since these active substances may be due to the condensation of unsaturated 
products ongiiiatiiiii in the decomposition of the prime materials (animals oi possibly 
vegetables). Kivimm' and Potonie (1906-1907) point out that all petroleums (also certain 
lignites and ozokerite) contain algcB wax, from which, by various reactions and decom- 
positions, it IS easy to pass to substances like petroleum, and simple substances, by poly- 
merisation (by heat and pressure), form more complex tarry substances, &c. ; the presence 
of wmx demonstrates that petroleum is not formed in the hot by distillation, but lather 
in the cold and at high jjressures. The prime material of petroleum would hence probably 
be the enormous formation of algos which have been produced at all epochs and are to -day 
accumulating in marshy places. These, during thousands of centuries and "under the 
action of pressure and heat, could undergo the same transformations and putrefactions 
(mixed sometimes with animal remains), leaving the W’ax for the formation of petroleum ; 
so that petroleum w^ould be formed m all epochs and is perhaps bemg formed now I The 
varying composition of petroleum would be due, according to Eiramer, to filtration through 
various geological strata, which would have removed greater or less quantities of bitu- 
minous products so as to produce pale, light petroleums like those of Velleia aiidMontechino. 
Hence the greater or less content of tarry substances cannot serve as an indication of the 
epoch of formation of a petroleum, smee part of these substances may have been lost during 
the geological filtrations. 

(3) Hypothesis of the Ammal Origin of Pefroletm, This was enunciated and vigorously 
upheld by Hofer, and supported and supplemented by Ochsemus (1892), Zaloziecki (1892) 
Yeith, Dieckhoff (1893), Aisinmann (1894), Heusler (1896), Holde (1897), Aschan (1902), 
and Zuber (1897, who supported only the organic origin), and more especially and most 
exliaustively by Engler (1888-1901). 

This hypothesis supposes that great layers of various fishes and molluscs, formed on 
the ocean-bed during past geological epochs, gradually underwent decomposition, first 
losing the nitrogenous components (albuminoids) as gaseous or soluble compounds, the 
remaining fats bemg slowly transformed partially into bituminous substances. These, 
together with the residual fats, under the action of great pressure and heat (developed, 
in part, by these decompositions) would yield glycerol, which would generate acrolein 
and then aromatic hydrocarbons, while the remainmg fatty acids (by the action of hydro- 
gen formed in all these decompositions) would give rise to the various saturated hydro- 
carbons constituting petroleum, CO 2 being hberated. 

The animal origm hypothesis is also supported by the observation made by Eraas, 
that petroleum issues from the coralhferous banks of the Red Sea, and by the odour of 
petroleum exhibited by certain phosphorites which are undoubtedly of animal origm. 

The objection has been raised that, if petroleum were of animal origm, it should contain 
nitrogenous compounds. Although this is not necessary, yet the presence of nitrogen 
products (ammonia and pyridine bases, free nitrogen and ammonium carbonate) has 
been shown in petroleum and in gases emanating from the earth. Texas petroleum 
contams up to 1 per cent, of nitrogen. 

Engler showed experimentally that, imder certain conditions, animal fats can be 
transformed into olefines or analogous products in the laboratory (by distillmg filsh-oil 
under 4-10 atmos. pressure). In 1909, Engler, Routala, Aschan, and others effected the 
laboratory production of naphthenes, paraffins, and heavy mineral oils, by heating amylene 
and hexylene under pressure and in presence or absence of aluminium chloride as catalyst. 

Many facts support the view that the petroleum of the geological strata studied has 
been formed at a low temperature and by slow but continuous reactions lasting for 
thousands of years. 

To the doubt that may be raised as to the enormous quantity of animal remains 
necessary to explain the large amounts of petroleum being raised at the present time, it 
may be answered that if the annual catch of herrings on the coasts of the northern seas 
and that of sardmes by French fishermen were to accumulate on the ocean-bed for 2000 
years, it would be quite sufficient to explain the petroleum production of Russia.^ 

* In 1903 the fish caught by 103,000 fishermen along the 6000 kiloms. of Italian coast weighed 62,000,000 kilos 
(15,000,000 m Sicily) and had a value of about £800,000 (in 1904, only £620,000). In the valleys of Comacchio 
during the month of October 1905, alone, were caught : 460,000 kilos of eels, 60,000 of mullet, 50,000 of vaiious 
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It wo aid, however, be iiecesRary, for the preservation of this enormous cemetery of 
fish, that the corpses should not be eaten by other larger fish ; the conditions must then 
be such that fish approaching the cemetery are killed. And this is highly probable, as 
the existence of such conditions at the bottom of the Black Sea has recently been proved. 
In fact, below a certain depth, there is so much dissolved hydrogen sulphide that any 
animal is instantly poisoned there, its body going to swell the vast numbers that have 
preceded it at the bottom. 

With these proofs is connected the most recent and most rational interpretation of the 
origin of petroleum. It is supposed that the decomposition of the residual animal fats 
IS aided by certain ferments as yet not studied — anserobic bacteria analogous to those 
which have been studied in the cases of the transformation of wood into coal, the fermenta- 
tion of cellulose, peat, &c. And the hydrogen sulphide formed at the bottom of the 
sea would be a product of the fermentations due to these bacteria. 

Rakusin (1905 and 1906) made a new contribution to the explanation of the origin 
of petroleum, by discovering in various petroleums a slight optical activity, midoubtedly 
due to substances of organic origin (animal or vegetable). Keuberg (1905-1907) has 
shown that, in the putrefaction of protein substances, pronounced quantities of optically 
active acids and amino-acids are formed, and by heating under pressure or dry-distilling a 
mixture of oleic acid with a little valeric acid, a product is obtained which, after purification, 
has the characters of naphtha as regards the optical rotation, boiling-point, and other 
properties. All this supports the organic — probably animal — origin of petroleum, and 
even if the fats do not give an optically active petroleum, the activity would be imparted 
by the decomposition products of the proteins. The optical activity of petroleum was 
recognised as far back as 1835 by Biot, who, however, drew no practical or theoretical 
conclusions from the observation. Bakusin observed that petroleums exhibit the Tyndall 
phenomenon (vol. i, p. 103) to a more or less marked extent, and since petroleums are 
sometimes inactive and have varying chemical composition, he regards the different 
hypotheses concerning their origin as justified. Petroleum, as a liquid, must be considered 
as intermediate to natural inflammable gas and solid asphalte or ozokerite. Since the 
white cerasin which is extracted from ozoherite is dextro-rotatory, it must be concluded 
that ozokerite is of organic origin (the products formed by synthesis from simpler or 
artificial substances being optically inactive, see p. 22). 

The petroleum or similar substances prepared artificially from the elements possess all 
the properties of true petroleum, but are optically inactive. Hence the most certain 
criterion of the organic origin of a petroleum is its optical rotation. If a petroleum is 
optically inactive, it may have originated from a racemic product (optically and transitorily 
inactive, see p. 19) of organic origin, but may have been formed from inorganic materials. 
However, inactive petroleums are rare ; Rakusin (1907) has only found tliree such up 
to the present, one Russian (Surakhany) and two Italian (Montechino and Velleia), and 
ho states that not only the degree of carbonisation of the petroleum (richness in carbon), 
but also its degree of racemisation must be taken account of in judging its geological age. 

small flbh (acquadelle), whilst in October 1910, 985,000 kilos of eels and mullet were taken. Italy is, however, 
considerably behindhand in the j&shing industry, owing to insufficient study of its seas and to the great technical 
deficiency of the methods employed by the fishermen, while the speculation of a few merchants makes fish m the 
great cities of Italy much dearer than in other countries. Consequently, Italy imports continually increasing 
quantities offish of all kinds, the value of that imported during 1907 being over £3,000,000. In Germany in 1902, 

31.000. 000 kilos of herrings worth £400,000 were caught, and in the ports of the Elbe and Weser fish of the 

additional value of £640,000 was taken In the United States with 134,000 fishermen, fish of the value of £10,000,000 
was caught in 1903 ; and in 1909, 219,500 fishermen took 1,000,000 tons of fish of the value of £12,000,000, including 
100,000 tons of oysters worth £3,100,000, and 40,000 tons of cod of the value £480,000. In Erance 95,500 fishermen 
caught fish worth about £4,700,000 in 1902, and in Norway 101,000 fishermen took £3,200,000 in 1905. In 
Holland 21,000 fishermen earned £900,000 ; in England 106,500 fishermen, £9 000,000 ; and in Spain, 121,400 
fishermen £1,800,000 , 

In the Caspian Sea during the winter of 1906,129,000 seals were killed, the yield of oil being 2,245,000 MIos, 
and its value £25,000, without considering the fat and skins, each of which costs 8a. to 10s. On the coast of Tonquin 

30.000. 000 kilos of fiLsh were taken in 1893. 

To obtain an idea of the fertility of certain fish, the shad, a fish of the herring family, weighing up to 5 to 6 kilos, 
may be considered^; the female lays as many as 100,000 eggs, which can be fertilised artificially, as is done with the 
salmon and trout. In North America the eggs are collected and despatched to the Central Pisciculture Station at 
Washington, where they are hatched in four days in Macdonald or Weiss tanks with flowing water at 18® to 19®, 
and are immediately placed in the rivers, where they grow mpidly. Every year more than 100,000,000 ^gs are 
fertilised m this way and from 1875 to 1890 the shad fishing showed an increase of 100 per cent , corresponding 
with £160,000. The female cod may lay as many as 6,000,000 eggs during its lifetime, and the turbot even 

9.000. 000 In Italy there are only two schools of fishery, whilst in Germany there are thirty-four, in Erane 
seventeen, and in Japan one for each maritime province. 
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111 !90S, Zaloziccki and K]ail(‘ld held that the optical activity of petroleum is due to 
the presence of terpeiies or eolopliony ; but Neuberg regards it as due to decomposition 
products of ammo -acids (valeric or isocaproic acid) formed from the proteins. Marcusson 
(190S) combats these last two hypotheses, and shows that it is more probable that the 
activity IS derived from decomposition products (dextro-rotatory) of laevo-rotatory 
eliolestcrols (and lienee of animal origin, whilst the vegetable ones are dextro-rotatory 
and yield lievo -rotatory decomposition products). Ty distilling olein under pressure, 
Marcusson (1910) obtamed hydrocarbons which had an optical activity equal to that of 
natural proteins and which he regarded as formed from the original choiesterols. By the 
action of ozone, Molmari and Fenaroli (1908) showed that the Russian and Roumanian 
petroleums examined by them contamed no unaltered cholesterol, but this does not exclude 
the presence of active dt‘com])osition products, which, however, w^ould not contain double 
linkings. In addition to dextro-rotatory compounds, Java and Borneo petroleums 
contain hevo -rotatory substances vhich become dextro-rotatory at 350° (as happens when 
laivo-rotatorv cholesterol is heated) ; also certain inactive fractions become dextro- 
rotatorv when heated. Rakusiii, Moiinan, and Fenaroli showed that the optical activity 
increases in those portions of petroleum that have the highest boiling-point. 

COMPOSITION AND PROPERTIES OF CRUDE PETROLEUM. 

As obtained from the wells, crude petroleum varies in colour from yellowish 
to pale brown, or even black, according to its origin ; it exhibits a marked 
greenish fluorescence and a characteristic, garlic-like odour. The dissolved 
gas soon separates spontaneously, and sometimes, on oxidation in the air, 
petroleum deposits dark, bituminous substances (paraffin, tar). The lighter 
petroleums are the paler and have an agreeable, ethereal odour, whilst the 
heavier ones are darker and have an unpleasant odour. 

Certain petroleums have recently been found to be radioactive. 

The presence of sulphur in petroleum, even if much less than 1 per cent., 
injures its odour and colour. The specific gravity of petroleum varies from 
0-780 to 0*970. Petroleum obtamed from Terra di Lavoro, Italy, has a high 
specific gravity (0*970) and certain Roumanian and Indian petroleums, rich 
in paraffins, show values higher even than this, sometimes as much as 1*3. 

Montecliino petroleum has the sp. gr. 0*740; that of Velleia, 0*780; 
American, 0*800A)*870 ; Russian, 0*856—0*900 ^ and Galician, 0*827—0*890. 

Different petroleums are composed, as a rough mean, of 13 per cent, of 
hydrogen and 87 per cent, of carbon, small proportions of oxygen, nitrogen, 
and sulphur compounds being also present. The hydrocarbons present in 
petroleum are numbered by the hundred, and they belong to different series, 
one or other of which preponderates according to the source. Thus, Penn- 
sylvanian petroleums are constituted almost exclusively of hydrocarbons of 
the saturated series (derivatives of methane), which are also found 

ill Galician petroleums, &c. 

Some petroleums contain as much as 40 per cent, of hydrocarbons solid 
at the ordinary temperature (paraffin), and these are left after distillation 
[e.g, Java petroleum) ; usually, however, much less than this is present, 
American petroleums having only 2*5-3 per cent., and those of Baku some- 
times only 0*25 per cent. Different petroleums can be distinguished by means 
of the ultra -microscope, the paraffin being dissolved in the colloidal condition. 

It is maintained hj \mrious chemists that the paraffin is not pre-existent 
in petroleum, hut is formed during its distillation. This is contradicted by 
the fact that some petroleum pipes show deposits of paraffin, and this can 
also be separated from cold petroleum by special solvents. 

Hydrocarbons of the unsahirated ethylene series, preponderate in 

the petroleums of Burma and are abundant in those from California ; Penn- 
sylvanian petroleum contains about 3 per cent. Different petroleums cap 
hence be distinguished by the quantities of bromine or' iodine which they fix, 
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by the amounts of liydrobromic or Iiydriodic acid then formed (Park and 
Worthing, 1910) or by the quantities of ozone they take up (Moliiiari and 
Fenaroli, 1908). 

Hydrocarbons of the same general formula, but saturated (cyclic cora- 


CHo— CH, 

pounds, so-called naphthenes, or derivatives of ci/clopeniane, | 

CHs 

CH— CHo 

or cyclohexane, GH 2 y yCHg) form 80 per cent, of Baku petroleums 


and occur abundantly in those of Galicia, together with about 10 per cent, 
of hydrocarbons of the aromatic series (recently (1910) hexalujdrocumene has 
been identified) . 

In a Russian petroleum and also in a Roumanian one, Moliiiari and Fenaroli 
(1908) found hydrocarbons derived from naphthenes with two double linkings 
and having the general formula CfJrL^n -i 4 (for example, Ci^Hgo). 

In certain petroleums small Cj[uantities of acetylene derivatives occur. 

It is found that petroleums produced in localities relatively near to one 
another often have different compositions ; according to David Day this is 
due to the fact that the unsaturated hydrocarbons diffuse less easily through 
sandy or other soils, and this system of natural filtration gives rise to various 
types of petroleum, with preponderance of saturated hydrocarbons in some 
and of unsaturated hydrocarbons in others This explanation is more reason- 
able than that the separation has been effected by distillation. 

The products that distil below 180^ are almost exclusively saturated and 
those distilling about 200" mostly unsaturated. 

The very small quantities of oxygenated substances contained in petroleum 
(often less than 1 per cent, and rarely 5 per cent.) are composed of phenols 
and organic acids {e.g. in Galician petroleum). 

The traces of nitrogenous substances found in various petroleums {see 
above) support the h 3 q)othesis of the organic origin of petroleum. 

Almost all petroleums contain sulphur, which is very difficult to remove 
and imparts an unpleasant odour and bad colour. 


Usually the proportion of sulphur is about 0-10-0*15 per cent., but the petroleum 
of Terra di Lavoro contains as much as 1*3 per cent., while still more is found (up to 3 per 
cent.) in those of Texas, Ohio, Indiana, and Virginia, from which it has to be separated 
{see later). 

The natui’e of the sulphur compounds present has not yet been completely defined, 
but the presence of mereaptans, thio-ethers, thiophene, and its homologues (methyl- 
and dimethyl-thiophene) has been detected. According to Heusler it is only necessary to 
heat a little of the petroleum with a granule of aluminium chloride to detect the presence 
of sulphur, hydrogen sulphide being then developed. 

Also by fractional distillation and partly by tbe specific gravity, the four princpal 
types of petroleum can be distinguished. The products distilling below 150° form tbe 
benzines {see later), then up to 280° are obtained illuminating petroleums or solar oil (ot 
herosene), and after 300° remain products used for the extraction of paraffin and vaseline 
(American) or for the preparation of mineral lubricating oils (Russian) : 


Crude petroleum 

Specific gravity 

Benzine 

Solar oil 

Kesidue 

Pennsylvania . 

0 - 79 - 0-82 

10-20 % 

55-75 % 

10-20 % 

Ohio 

0 - 80 - 0-86 

10-20 ^0 

30-40 % 

36-50 % 

Caucasus . 

0 - 85 - 0-90 

0 2-5 % 

25-30 % 

60-65 % 

Roumania 

0-85 

3-10 0^0 

70-80 % 

10-15 % 

Galicia 

0 - 82 - 0-90 

5-30 % 

35-40 % 

30-50 % 

Piacenza . 

0 - 74 - 0-79 

26-40 % 

55-65 % 

4-8 % 

Alsace 

0-912 

5 % 

35-70 % 

56 - 60 % 
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In some of the islMids of the C.is])ian Sea (Tschelekcn) is found a petroleum resembling 
the American type, with a large proportion of paraffin (o'O per cent.), and in Columbia 

(S. AmiTica) petroleums like those of Russia (Caucasus) occur. 

The Italian pdroleiims vary coiiMderably m composition and those of Emilia and 
Piacenza are so pali^ and so rich in benzme and poor m residues that it is supposed that 
they are the condensed more volatile products of more important deposits not yet dis- 
covered. In the distillation of the Telleia petroleums at Fiorenzuola d’Arda the little 

residue obtained is added 
to the crude petroleum 
to be refined and thus 
becomes distributed m the 
lighting oil, so that the 
less remunerative residues 
are never placed on the 
market. The absence of 
optical activity in the 
petroleums of Montechino 
and Velleia {see above) 
seems to confirm the view 
that they are derived from 
more important deposits, 
in which optically active 
products would probably 
be found. 

EXTRACTION AND 
INDUSTRIAL TREAT- 
MENT OF PETROLEUM. 

Prom the most remote 
times petroleum has been 
raised in China by means 
of wells similar to the pre- 
sent artesian ones, which 
the Ohmese used many 
centuries before Europeans 
for obtaining drinking 
water. In other regions 
m times gone hy the 
petroleum flowing at the 
surfeces of the \yater- 
courses began to be sepa- 
rated and used ; then 
wide, shallow wells were 
dug and the petroleum 
raised to the surface in 
buckets. Nowadays, how- 
ever, petroleum is every- 
where obtained by wells 
'^8* bored into the earth like 

artesian weHs, and some- 
times the petroleum flows up to the surface under great pressure, so that it forms 
a fountain {see Note, p, (>o, and Fig. 78). It is supposed that the deposits of petroleum 
in the interior of the earth’s crust are situated in large cavities or pockets, where there 
is often a louver layer of salt water (Fig. 79, W) and on this floats a more and less abundant 
layer of petroleum, E ; and, in general, the upper part of the pocket is filled with inflam- 
mable gas, (x, w^hich exerts great pressure. If the boring, R, reaches one or the other 
layer, one or the other product is obtained m preponderance or even exclusively, and, 
after exhaust ing the aqueous laj^er, the same well may yield only petroleum. 

The sinking of a well is begun with a boring 35-40 cm. in diameter by means of suitable 
boring tools wurked by long rods and toothed gearing, or by compressed-air drills mounted 
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BORING FOR PETROLEUM 

on wooden structures termed derricks (Eig. 80) ; the detritus of the bored rock is con- 
tinually carried away from the boring by a current of water, whilst in former times the 
much slower dry boring was preferably employed. When the petroleum layer is 
approached, the water of the well or tube begins to show drops of petroleum. The 
power is often supplied by portable steam-engines, which should not be placed too near 
the boring, since if the petroleum or gas escapes accidentally in any quantity durmg the 
boring, it may ignite and cause considerable damage by fire or explosion. 

In such cases it is hence advisable to transform the 
energy on the site, for instance, vith electric motors. 
And even then fires and explosions have been caused 
by the accidental ignition of the gas mixed with air, by 
sparks formed by stones, issuing violently from the well 
along with sand and petroleum and striking the iron 
framework or the 'rails of the woodwork.^ 

When the petroleum is not exuded under pressure, it 
is often raised by means of pumps, but this is not 
possible where much sand (up to 30 per cent.) is also 
extracted and has to be allowed to deposit ; this is 
the case at Baku, where, however, one -third of the 
petroleum issues under pressure. 

During recent years there have remained relatively few fountains ” at Baku, and 
the petroleum of the sandy wells, which cannot be raised by pumps, is extracted by special 
bailers ” made of a cylinder of sheet- 
metal terminating in a cone and fitted 
m the lower portion with a valve which 
opens when the bailer (called a shalonka) 
becomes immersed in the petroleum and 
closes on raising by means of pulleys 
and windlass, the steel rope carrying 
the bailer being wound round a large 
drum a short distance from the weU. 

The shalonka, containing some hecto- 
litres of petroleum, is discharged by 
inverting it over a channel, 

Erom the large reservoir near the 
wells, the petroleum passes by means 
of iron pipes to the refineries or to the 
despatching stations (suitable trains or 
vessels), which at Baku are very near, 
but in America some hundreds of 
kiloms. from the wells ; these pipes then 
traverse plains, mountains, and valleys, 
and in the same way and with the 
help of powerful pumping-stations, the 
refined petroleum is despatched to the 
place of loading. In 1905, the Standard g 
Oil Company began the construction ’of 
another such pipe {pipe-line) to connect 
the works at Kansas City with the coast ; 

the distance is about 1700 miles and the construction cost £880,000 and served to 
transport daily from 10,000 to 15,000 barrels of petroleum. 



Eig. 80. 


^ Artesian wells for extracting petroleum have an average diameter of 25 to 50 cm., and vary in depth according 
to the region ; at Baku they were first of all 60 to 150 metres deep. But of recent years wells have usually been 
sunk to a depth of 250 to 350 metres (occasionally 1000 metres). In the Washington district of the United States 
the wells are from 700 to 850 metres, and near Pitteburg is the deepest of all, 1820 metres. _ The wells are 100 to 
200 metres apart according to the locality, and they remain active for five to ten years. 

The expense of boring varies with the district, that is, with the nature of the subsoil, and, under favourable 
conditions and for wells not too deep, each boring costs about £400. Those made in the Washington district 
cost even £1400 to £1600. At Velleia in the province of Piacensa, the wells are little more than 100 metres deep, 
whilst at Salsomaggiore they have been bored to a depth of 400 metres, and in one case of 700 metres, in order to 
utilise for medical purposes the lodine-salt water which is obtained, together with a little petroleum . I n Ameri ea the 
II 5 
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DISTILLATION. Crude petroleum cannot be used as it is for lighting, as it has 
a bad smell and colour, contains many impurities, and is composed partly of too volatile 
])rodiicts, vdiich iiiiglit casil} cause explosions or 
hres in the lamps. In order to avoid these dangers, 
the petroleum is subjected to exact refining, which 
IS controlled by legal enactments and with special 
apparatus (see later). 

The refining is carried out m a manner which 
varies with the nature of the petroleum and usually 
consists of a fractional distillation and a chemical 
purification. The fractional distillation in the 
laboratory is carried out in Engler flasks (Fig, 81 ), 
winch arc of definite size and shape and permit 
of concordant results being obtained in all labo- 
ratories ; the following fractions are then weighed separately 

I. Light or readily volatile petroleums * 

(a) Petroleum ether .... 

(h) Gasolene ..... 

(c) Benzine . ... 

(d) Ligyoin (burnt in special lamps for lighting) 

(e) Petrohne (used for de-fatting or cleaning) 

IL Peti oleum for lighting : 

I quality ...... 

II quality ..... 

III quality ...... 

Ill Residues of the distillation . 

{a) Heavy oils : lubricating oils 

(h) Paraffin oil . 

(c) Coke ...... 


Boiling-point 

Specific giavity 

40-70° 

0-635-0-660 

70-80° . 

, 0*660-0-667 

80-100° . 

. . 0-667-0-707 

) 100-120° . 

, . 0-707-0-722 . 

, 120-160° , 

, . 0-722-0-737 

150-200° ] 

1 

200-260° 

1 0-753-0 864 

250-300° J 

1 I 

abovB 300° 

. . 0-7446-0-8588 


B 


Fig. 81. 


0-S588-0*9590 


The industrial refining of petroleum consists in separating the crude petroleum into 
these three groups, I, II, and III, 

Apparatus is used for periodic or alternate distillation, or for continuous distillation. 

Periodic distillation is conveniently carried out in the so-called waggon-still largely used 
in America and at Baku. It holds as much as 2500 barrels at a time (Figs. 82 and 83). 

It is made of wTought iron 10-14 mm. m thickness, and has a corrugated bottom ; 
it IS commonly 7 metres long, 4 metres wide, and 3 metres deep. The top is fitted with 
three flanged elbow's which carry ofi the vapour. In thirty hours three distillations can 
be carried through, the residues being discharged through the three orifices, c. The 
heating is effected by means of these residues, which are forced into perforated pipes, r, 
in the double-arched hearth ; rational circulation of the products of combustion results in 
effective utilisation of the heat. 

More profitable use is made to-day of simpler, cylmdiical boilers, which, although of 
larger dimensions, correspond almost exactly with the various types of steam-boilers, 
the heating being external, or lateral, or internal, or two of these together. Such boilers 


well IS widened at its lowest pomt,|where it meets the petroleum, by exploding a dynamite cartridge (“tor- 
pedoing “). 

A well sunk in 1891 at Balakhany, 270 metres deep, gave an uninterrupted jet producing 3276 tons of petroleum 
per twenty-four hours, and the mass of sand expelled covered the whole neighbouihood. A little distance away 
one of the ISfobol Company’s wells, in 3892, gave 13,000 tons per day In February 1893 a well was sunk at 
Bomany, near Baku, which for several weeks yielded 10,000 tons of petioleum per day ; the oil issued from the 
earth with such violence that the movement of the air broke the windows of neighbouring houses, and, as at first 
it was not possible to guide the 3 et into horizontal channels, all the iron plates used for this purpose being pierced, 
250,000 tons of petroleum were lost in five weeks In 1909 a new well at Baku gave, for a long time, 3500 tons of 
naphtha per day. A well bored at Maikop (70 kiloms from the Black Sea), on September 12, 1910, to a depth of 
70 metres, gave a jet 64 metres abo'v e the surface of the ground and a production of 6000 tons in twenty-four hours ; 
on September 18 the fountain caught fire and five days passed before it could be extinguished 

Fountains as rich as this ai e exceptional ; usually wells yield much less, and at Baku a well is generally abandoned 
when it gives less than four tons m twenty-four hours In Italy, however, wells are used which give only a few 
hundredweights of petroleum per daj ; som? of the Italian wells produce only 60 litres a day, others as much as 
2500 litres or more 
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of 600-700 or more barrels capacity arc commonly used even in America, where, liowcver, 
botli tlie more complex and more perfect liUgo apparatus and the Riossmassler apparatus, 
m which the heatmg is effected by superheated steam, are used. 

For the condensation of the vapours that distil over, complicated iron coils are arranged 
m cisterns tlirough which cold water circulates continuously, the bore of the pipe being 
20-25 cm. at first and gradually diminishing to 5-8 cm. 

The distillate with specific gravity not exceeding 0-750 and b.pt. 150"^ forms the crude 
benzine and is collected and worked up separately. The distillate with sp. gr. 0*750-0*860 
forms the lighting oil, and the residue is treated separately. 



Fio 82. 83. 


Continuous distillation is employed more especially at Baku, with large ^plants con- 
sisting of boilers arranged in series so that each boiler is maintained at a definite, constant 
temperature, the vapours passing from one boiler to the other only depositing in a con- 
densed form those portions corresponding with a given boiling-point and a given specific 
gravity. By feeding the first boiler-^which is at the highest temperature— continuously, 
Sie others are also fed indirectly and kept fuU, each of them discharging a fraction of a 
definite, constant specific gravity. Naturally the higher temperature boilers are fmnished 
with de'pUegmators (Fig. 84), which cause ready deposition of the heavy oil carried over 
with the very hot vapours. In these boilers the heatmg or distillation is effected by 



Fig. 84. 



Fig. 85. 


moans of superheated steam, which is usually obtained by passing steam from a boiler 
(A I'ig- 85) through a senes of iron pipes heated in a furnace by direct-fire heat. 

’in addition to other advantages, continuous distillation gives an increase of 30 per 
cent, ill the amount of solar oil. The residue left after distilHng the crude petroleum up 
to 280° bears the Tartar name of masut or the Russian one of astathi (ostatlci). The amount 
of petroleum distilled in twenty-four hours corresponds with four times the capacity of all 

the boilers in the battery. • . , . , x 

The Nobel Company at Baku has boilers which distil 1000 tons of petroleum m twenty- 
four hours. During recent years rectifying columns similar to those used for alcohol 
have been employed, these admitting of a large production without the use of large 

I^the ‘‘ Black Town ” near Baku, there are 200 refineries which treat the whole of the 
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petroleum of the district. The odour of petroleum is perceptible at a great distance, and 
the town IS always covered and surrounded with dense, black smoke. The most important 
refinerv is that of Nobel Brothers, which refines half of the annual output of the Caspian, 
although this fiim possesses only one-eighth of the total number of wells. 

CHEMICAL PURIFICATION OF PETROLEUM. The petroleum distilling between 
150 ° and 300 ° is not yet suitable for lightmg purposes, as it has a marked, rather un- 
pleasant odour ; it has a faint yellow colour, and contains substances which detract from 
its -value. It was Eichler at Baku who first suggested purification by means of concen- 
trated sulphuric acid. 

This IS earned out in large iron tanks with conical bases (Fig. 86), the petroleum being 
treated wnth several separate quantities (altogether 1-3 per cent.) of concentrated sulphuric 

acid of 66° Be. (nowadays the mono- 
hydrate obtained by the catalytic process), 
the mixture being vigorously agitated by 
compressed air blown in at the bottom of 
the tank, and each quantity of the acid 
separated after half an hour’s rest. 

The sulphuric acid acts especially on 
the aromatic hydrocarbons (forming sul- 
phonic acids), the olefines and the oxy- 
genated acid compounds, as well as on 
the colouring and sulphur substances. 
A small part (1-3 per cent.) of the petro- 
leum IS resinified and the acid is turned 
black, but can still be used for the manu- 
facture of superphosphates.’- In order to 
weaken the action of the acid somewhat, 
it is mixed with sodium sulphate ; further, 
in order that yellowing of the petroleum 
may be avoided, sulphuric acid contain- 
ing less than 0-01 per cent, of nitrous acid 
should be employed. After the action 
of the acid, the petroleum is washed 
thoroughly with water and then with 
1-1 *5 per cent, of concentrated caustic 
soda solution (30-33° Be.), air being 
Fig. 86 passed in from beneath to effect mixing ; 

in this way the traces of acid remaining 
and also the phenolic compounds are removed. After the alkali has been separated, the 
oil is again well w'ashed vith \vater. The remaining petroleum is not clear, as it is 
emulsified with a little water, but it clarifies on standmg and on being filtered rapidly 
through sawdust and salt, which remove all traces of emulsion. The alkaline petroleum 
residues are now used in some places to impregnate and preserve railway sleepers ; but 
sometimes they are subjected to dry distillation, which regenerates the soda and gives 
coke and unsaturated hydrocarbons and ketones (acetone, &c.). The heating of these 
alkalme residues also yields naphthenic acids (tridecanaphthenic acid), from which cheap 
antiseptic soaps are prepared. 

Some crude petroleums give a rather yellow solar oil, which is decolorised by exposure 
for some time to the sun in shallow tanks covered with sheets of glass. Sometimes the 
yellow tint is removed by dissolving in the petroleum traces of complementary blue or 
violet dyes ; as, however, nearly all commercial dyes are insoluble in petroleum, it is 
necessary to obtam from the manufacturers the bases of these colouring-matters, these 
being soluble. 

In certain cases, decolorisation is attained with infusorial earths, clays, or natural 
magnesium hydrosilicates. 

A most important operation for petroleum rich in sulphur (present especially as HoS) 

^ 'According to Grer. Pat 221,615 of 1909 this black acid, contaming sometimes as much as 2*5 per cent, ot 
complex organic substances, may be purified by causing it to fall into pure, boiling sulphuric acid through ■which 
a current of air is passed ; all the acid distilling over is then pure and colourless J Fleischer (1907) obtains colour- 
less acid (45® to 50® B§.) by causing the black acid to diflfuse through porous partitions washed by a little water. 
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and hence dark and of unpleasant odour (like^those from Canada, which can be used 
only as a combustible and not for lighting purposes) is that of a desulphurising according 
to the process proposed by Frasch (1888--1893) ; this consists in distillmg the petroleum 
with an excess of a mixture of metallic oxides — pow'dered copper oxide, 75 per cent. ; 
lead oxide, 10 per cent. ; iron oxide, 15 per cent. This operation reduces the sulphur- 
content from 0*75 per cent, or more to 0-02 
per cent. It is calculated that, by this 
method, about 50 tons of sulphur are 
extracted daily from Ohio petroleum, 
most of it being lost. 

The operation is carried out by simple 
mixing or by means of vapour. In the first 
case 6800 Mlos (68 quintals) of the oxide 
mixture are added to 200 tons of petroleum 
in a large tank, the mixture being sub- 
jected to prolonged agitation by mechanical 
stirrers, which keep the oxidising mass at 
the bottom of the tank in continual motion. 

The petroleum is then decanted off into 
the fractional distilling apparatus, a second 
quantity of 200 tons of petroleum, together Fig. 87. 

with 4500 kilos (45 quintals) of oxides 

being added to the residue in the tank ,* the operation is repeated four or five times 
before renewing the oxides completely. 

The Frasch process of desulphurising the vapour is far more rational and rapid ; it 
consists in passing the petroleum vapours from the distillation vessel (from 100 tons of 
petroleum) {A, Fig. 87) successively mto two communicating cylinders, B and C, placed 
one over the other and enclosed by a metal casing, D, above the boiler. The vapours 
pass first into the casing, next into the lower cylinder, and then into the upper one, coming 
into intimate contact with the mixture of metallic oxides, which are kept moving and 
subdivided in both cylinders by means of rotating reels, h, provided with peripheral 
brushes, E. The oxiising mixtures in the two cylmders are renewed alternately, while 
the purified vapours, after traversing a gravel filter, (?, which retains particles of the 
oxides carried over, are condensed in ordinary coils, I. By this process, some refineries 
are able to purify as much as 11,000 tons of petroleum per day. 



Fig. 88. Fig. 89. 


Eecently petroleum has been desulphurised by means of metallic sodium, and treatment 
with aluminium chloride in the hot and under pressure is also recommended. V. Walker 
(U.S. Pat. 955,372, 1910) passes the vapours mto columns fitted with perforated plates and 
containing anhydrous cupric chloride, the last traces of hydrogen sulphide being removed 
by passing the vapours into a solution of lead oxide in caustic soda. Robmson (1909) 
separates the sulphur by treating the petroleum with highly concentrated sulphuric acid. 

In weU-refined petroleums, the proportion of sulphur is always less than 0*06 per 
cent., usually 0*02 per cent. 

PETROLEUM TANKS. The refined petroleum is preserved in large cylindrical 
sheet-metal tanks (Fig. 88), situated near the works ; they are whitened outside to reflect 
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the heat of the sun, and are furnished with charging and discharging pipes communicating 
with the pumping-station by which all the liquids m the works are circulated. 

For transport by land and sea, wooden casks holding 159 litres (about 145 kilos) were 
at one time exclusively used, but to-day land transport is effected by tank-cars (Fig. 89), 
which are now numbered in hundreds of thousands. For sea transport, tank-steamers 
are used (there are now 360 of these of the total capacity of 630,000 tons) (Fig. 90 ) ; when 
they arrive at their destmations m the ports of different countries, they are discharged 
by means of pumps into storage-tanks or directly into tank-cars. From these stores 
(there are tanks of 2000 tons capacity at Leghorn, Savona, Genoa, and Venice) it is 
dispatched inland in wooden or iron casks or in cans holdmg 14 kilos (17 litres) and packed 
in pairs in wooden cases. 



USES AND STATISTICS. The greater part of refined petroleum ls still used for 
lighting purposes, either m the old lamps with flat wicks or in those with cylindrical 
wicks and flame -spreaders or in lamps with incandescent Auer mantles ; it can be used 
advantageously for household illumination in town and country. Part of it is employed 
for power purposes, as in internal-combustion engines it gives an efficiency of 25-37 per 
cent., whilst coal yields only 12 per cent. However, while in Russia large quantities of 
petroleum were used in the past in factories and for locomotives, nowadays it is being 
replaced by coal ; in America, on the other hand, the opposite is the ease, and the Mexican 
Railway alone consumed more than 4000 barrels of petroleum per day for its locomotives 
in 1908. Its use on fast ships has the advantage of 28 per cent, saving in space. In 
America, about 19,000,000 barrels of petroleum were used altogether for railway loco- 
motives in 1907. Lastly, it is used as a disinfectant and for lubricating engines, &c. 

The production of petroleum has increased in a surprising manner, in spite of the 
growing development of the gas and electrical industries. The following figures illustrate 
this for the two great petroleum -producing regions : 


In 1874 . ^ . 

Caucasus (Eussia) 

Tons 

100,000 

United States 
Tons 

1,500,000 

1884 . 

. 1,500,000 

3,400,000 

1894 . 

. 5,000,000 

7,000,000 

1903 . 

. 9,902,000 

13,160,000 

1905 . 

. 7,969,239 

17,636,000 

1908 . 

. 8,292,000 

23,940,000 

1910 . 

. 9,500,000 

26,000,000 


Id America to-day petroleum is monopolised, by huge “ trusts/’ especially the Vacuum Oil Company and the 
Standard Oil Company of New Jersey, to which are afl&liated seventy companies with a total capital of £18 000 000 
and employing 60,000 workmen and monopolising about 60 per cent of American petroleum. The Standard 
Oil Company, founded in 1872, paid m dividends from 1882 to 1892 a total of £94,400,000, and from 1894 to 1903 
paid to its shareholders dividends of 33 to 48 per cent. I In 1906 President Boosevelt, under pressure of public 
opinion, waged war against this colossal ;tnist by ruptunng the connection between the steel ring and the interests 

^ ^ £6,000,000. In consequence of this commercial war of 

1906 the Standard Oil Company lost £25,000,000, of which £12,900,000 fell on Bockefellcr, the well-known millionaire 
president of the company. The sentence was then annuUed on appeal, but the result was that the eomnanv 
fought its competitors by lowering pric^ (petroleum that previously cost 30 centesimi (2 9d ) per litre has been 
lowered in price during the last few years to 15 centesimi (l*45d.) ), and in 1908 made a net profit of £16 000 000 
and proposed mising its capital to £100,000,000. This explains how EockefeUer has been able, without anv great 

^ifioe,tomakeben^ionsof5omanymillionsduimgthepaEtfewyears,especiaHyfortheextensionofuniversitv 

of fbe Supreme Court of Washington (May 15, 1911) gave judgment against 
the Standard Oil Company, for contravention of the law against trusts, and ordered dissolution of this po^rful 
company within six months ^ 
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Oiie-thiid of the American production has been given by California, more tlian one- 
toiirtli by Texas, and one-sixth by Ohio, and now one-sixth is given bv Illinois, one- 
foui'th by California, and onc-fourth by Oklahoma. In 1910 the Californian production 
reached almost 10 million tons. 

The total 'production of the world was about 12,000,000 tons in 1894, 31,000,000 in 
1905, and 38,000,000 in 1908. The followmg Table gives, in the fii'st three columns the 
pro uction in thousands of tons of each of the petroleum-producing countries of the 
world, and m the last tiiree columns the percentages of the total amounts yielded by each 
country : 






Per cent 

of the total production 


1903 

1905 

1908 

1900 

1902 

1908 

United States . 

13,600 

20,000 

23,940 

51-50 

52-51 

63-0 

Russia 

9,902 

7,969*2 

8,292 

4241 

37-12 

21-8 

Dutch East Indies . 

870 

1,126 3 

1,143 

1-83 

3-50 

3-0 

Galicia 

728 

835 8 

1,734 

1-97 

2-90 

4-6 

Roumanian 

381 

641-0 

1,148 

0-85 

1-74 

3-0 

British India 

329 

599-8 

672 

0-87 

1-42 

1-7 

Japan 

126 

194-4 

276 f 

0-86 1 

0-50 

0-75 

Canada . 

! 

1 

91-9 

70-5 

0-18 

0-24 

0-20 

Germany 

58-9 

81 3 

141-9 

i 

1 

0-35 

Italy 

; 2-6 j 

6-1 

7-08 



0-02 

Peru 


1 5-4 

135 



0-25 

Various other countries 

79-0 j 







In 1890, Germany produced only 15,000 tons of crude petroleum. 

The country that consumes the most petroleum, after the United States and Russia, 
is Germany, where, in 1904, 970,600 tons were used for lighting, 143,000 tons for lubri- 
catmg purposes, and 110,000 tons for various other uses ; in 1909, it imported about 
950,000 tons of refined petroleum and 31,400 tons of crude petroleum, of a total value of 
£3,600,000. 

The importation into Italy has been as follows : 

1884 1890 1900 1904 1906 1907 1908 1909 1910 

Tons . 73,361 72,000 73,000 69,233 61,588 72,714 82,373 88,930 84,748 

and whilst in 1907 two -thirds of this came from the United States, one-fourth from 
Russia, and little from Roumania, after the new commercial treaty with the last two 
nations, the proportions changed considerably, Roumania alone sending 29,000 tons in 
1909. 

Almost the whole of the Italian industry is in the hands of one company, and the 
production is very small and almost stationary. 

The consumption of petroleum by different countries is q[uite different proportionately 


from the production, as is shown in the following Table, which gives the mean eonsump- 

tion per inhabitant m 1904 : 

Total consumption 

Annual consumption 
per inhabitant 


Tons 

Kilos 

United States .... 

. 2,016,700 

25-21 

Germany ..... 

970,600 

16-72 

England 

520,933 

11-84 

Prance 

312,210 

8-22 

Russia (140,000,000 inhabitants) 

. 1,050,787 

7-51 

Japan ..... 

299,370 

6-65 


^ In 1910 tlie production was 1,352,300 tons, 339,300 tons of distilled petroleum and 125,750 tons of benidne 
being exported. In 1903 tbe refineries of Houmania treated altogether 314,748 tons and in 1904 391,387 tons of 
crude petroleum, which yielded 62,218 tons of heuzme, 109,510 tons of lightaag oil, 30,214 tons of mineral oil, and 
173,661 tons of residues. In 1909 Eounaania exported 420^000 tons of petroleuns^ benzine, and imneml ohs. 
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Boumania . • , . 

Austna-Himgary * 

Italy 

India (SOO, 000,000 inliabitants) 
China (300,000,000 inhabitants) 


Total consumption 
Tons 


Annual consumption 
per iniiabitant 
Kilos 


27,025 . . 4-50 

215,546 . . 4-31 

73,000 . . 2-21 

503,930 .. 1*70 

254,464 . . 0 85 


The imitB of measure of petroleum in different countries have already been given on 
p. 58. 

In view of the enormous and increasing consumption of petroleum, it may be interestuig 
to know how much longer the known stock of petroleum in the earth will last. According 
to the calculations made in 1909 by the Geological Survey OjB&ce, the known deposits 
of petroleum would last until 1990 if the annual consumption remained at its present 
amount, but if the consumption increases in the same proportion as it has been doing 
during the last few years, the deposits will be exhausted m 1935. 

The price of rectified petroleum at Batoum is about 7s, 2d, per qumtal, and the trans- 
port to Genoa l 5 . 5d., and, making allowance for all taxes, Bussian petroleum costs at 
Genoa 16^. per quintal, including the cask ; the American costs 16iS. 10<i., and at the 
present time Bussian petroleum is beginning to oust the American product from the 
European markets. Jh the free port of Hamburg, Bussian and American petroleums 
cost 165. lOd. per quintal m 1879, 135. 7d, in 1890, and 145. 9jd. in 1904. 

TESTS FOR LIGHTING PETROLEUM. A good petroleum is limpid and colourless, 
does not turn brown with sulphuric acid (sp. gr. 1*53), and has a specific gravity of 0*820- 
0*825 (Bussian) or 0*780-0*805 (American ) ; the specific gravity is determined with an 
aerometer at 15*^ (corrected by 0*0007° for each degree) and referred to water at 4°. It 
should not have an acid reaction ; when 10 c.c. of the petroleum is dissolved in a mixture 
of alcohol and ether previously rendered neutral to phenolphthalein, an immediate violet 
coloration should be produced on addition of a single drop of N/10 alcoholic caustic soda. 
When subjected to fractional distillation in the Engler flask (p. 66), it should not yield 
products distilling below 110% only 5 per cent, or at most 10 per cent, up to 150% and 
less than 10 per cent, or at most 16 per cent, above 300° ; in the distillation products 
the difference in specific gravity between Russian and American petroleums is increasingly 
marked. American petroleum is distinguished from the Bussian (see p. 62 et seq,) also 
with the refrackmeter and by the different solubilities of the fractions of equal specific 
gravity in a mixture of chloroform and aqueous alcohol (Biche-Halphen test)^. The 
mscosity determined with the Engler viscosimeter (see later. Mineral Ods) should not be 
greater than 1*15 at 20°. The luminosity is determined with the Bunsen photometer 
(p. 56) and, m general, 3*5-5 grms. are consumed per candle-hour. 

The determination of the temperature at which a petroleum gives off inflammable 
vapours is of great importance, and in order to obtain concordant results, the Abel apparatus 
modified by Penski (Pigs. 91 and 92) is employed m all laboratories. The petroleum to 
be examined is placed in a brass receiver, G, up to the level -mdex, h ; the cover, D jS, 
carries a thermometer, t, which dips into the petroleum, and a clodkwoxk mechanism, 
T h, which, when it is released (by a lever, h), opens automatically a small window in the 
cover ; at the same instant a small oil-flame passes through the wmdow and is immediately 
withdrawn, the window then closing. The petroleum receiver is surrounded by an air- 
chamber, A, which is heated to 55° in the reservoir, W, regulated by the thermometer t^. 
Por every 0*5° increase of temperature of the petroleum, the spring is released, this being 
continued until the flame ignites and explodes the mixed petroleum vapour and air. 
The slight explosion sometimes extinguishes the flame. The temperature shown at this 


* Of each fraction with specific gravity higher than 0*760, 4 gxms. is weighed into a beaker, and from a burette 
a xnistiire in e^ual parte of anhydrous chloroform and 93 per c^t. alcohol is nm in until the turbidity first ioimed 
suddenly disappears : 


Density .... 
American petroleum (cubic 
j*, csentimetres solveat) . 
Kussian^i^ petroleum (cubic 
cmtimetres solvent) . 


0*760 

0-770 

0-780 

0-790 

0*800 

4*3 

4*6 

5-2 

fi-d 

6-6 

4*0 

3*3 

4*1 

4*2 

4*0 


0-810 

0-820 

0-830 

0*850 

0*880 

7-7 

9-5 

113 

— 


4-2 

4 5 

6-0 

6*4 

11*9 


Italian petroleums behave like the Bussian, but this reaction does not serve to distinguish between the other 
European petixil^mis (Ute, 1905). 
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FLASH-POINT OF PETROLEUM 

moment by tbe thermometer is that of inflammability {flash-point), which is, however, 
influenced by the atmospheric pressure and should be corrected by + 0*035° for every 
mm. of pressure above 760 mm. 

In Italy, Germany, and Austria the sale of petroleum for lighting purposes is prohibited 
if it shows a flash-point below 21° in the Abel apparatus ; otherwise explosive vapours 
could be formed in ordinary lamps, even at 30° or 32°, which would be dangerous. 
A petroleum inflammable at above 60° (Abel) cannot be used for lamps. 

A rough-and-ready test to detect if a petroleum is dangerous consists m pouring a 
little into a glass and throwing into it a lighted match ; if the latter is extinguished, the 
petroleum is safe. 



Fig. 91. Fig. 92. 


The illuminating power is determined with the Lummer and Brodhun photometer 
{see Fig. 77, p. 56). To determine the moisture or vxiter, which does not separate well in 
the distillation of certain Californian petroleums, Robert and Fraser (1910) proposed 
adding calcium carbide and measuring the q[uantity of acetylene formed, this depending 
on the amount of water present. 

TREATMENT OF CRUDE BENZINE 

The portion of crude petroleum distiUing below 150° forms crude benzine, which can 
be separated by fractional distillation into various qualities for different commercial uses. 

The crude benzine is redistilled in small horizontal or vertical boilers, usually heated 
by superheated steam either in a jacket or in closed coils inside the boiler, the condensed 
water being collected outside the boiler. 

In some cases moderate flre-heat is used in addition. 

When there are many volatile products, an apparatus similar to that used in the 
rectification of spirit is employed. Such a system of rectifying columns is to-day in general 
use, and the condensation of the vapours and the cooling of the condensed benzine are 
effected by the crude benzine, which is thus fractionated and fuel at the same time 
economised. 

A special apparatus for condensation and rectification, devised by Veith, consiste of 
five iron double-walled cylinders (with water-circulation), connected in series and ter- 
minating in a sixth cylinder containing a coil with many turns for "^e condenBation of 
the vapour from the preceding cylinder. The coil is cooled by ice and cold water, which 
then passes successively into the jackets of the other five cylindei^ and gradually become 
heated. These five cylinders are full of pure iron turnings free fepm oiL The vapours 
from the boiler in which the benzine is distilled pass through cylinders 1-5, in each of which 
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that part condenses wMch is liquefied at the temperature of the water circulating in the 
jacket. 

The least volatile products condense in the first cylhider and the most volatile ones in the 
final coil. At the bottom of each cylinder is a pipe with a tap eonimumcating with a tank. 

The apparatus for distilling and rectifying benzine are so constructed that the vapour 
above the boiling liquid which is mixed with air is separated from the liquid, e.g. by metal 
gauze, so that in case of fire or explosion the liquid does not ignite. 

Baku petroleums give only 0*2 per cent, of benzine, those of Grosny (Bussia) about 
4*5 per cent. In 1902, 341,000 tons of naphtha were distilled at Grosny, 14,000 tons of 
benzine (about 4 per cent.) being obtained. Pennsylvanian petroleums give up to 12 per 
cent, of benzine, and those from Campina (Boumania) 3-5 per cent. ; a petroleum from 
Anapa (Caucasus) gave 28 per cent. Italian petroleums from Emilia yield 30-35 per cent, 
of benzine. 

After the fractional distillation of the benzine the separate portions are often refined 
by treating with concentrated sulphuric acid mixed with 0*2 per cent, of potassium 
dichromate and^O-Olfper cent, of lead oxide. Fuming sulphuric acid also gives good 
results, but animal charcoal and magnesium hydrosilieates are not very satisfactory. 
The treatment is carried out m closed vessels with mechanical stirrers, the use of com- 
pressed air being inapphcabie here. 

The majority of the benzine is produced at Baku and in Pennsylvania, but some is 
refined in Germany and large quantities are sent to Europe from the East Indies — from 
Java, Sumatra, and Borneo ; Galicia and Boumania also yield large quantities. 

The consumption of benzine is to-day tending to increase, not only as a solvent for 
fats (benzine^boiling between 60° and 80°), but also for automobiles, aeroplanes, and 
dirigible balloons, its calonfic value (about 11,000 cals.) being high. That used for cleaning 
fabrics should boil at a higher temperature, otherwise it evaporates too easily and leaves 
an annular mark round the spot (other varieties, see p. 66). 

The consumption of benzine in the various countries of Europe amounted m 1908 to : 
115,000 tons in Germany, 130,000 tons in France, 100,000 tons in England, 10,000 tons 
in the Netherlands, 110,000 tons in Bussia, 20,000 tons in Boumania, 10,000 tons in 
Austria and Galicia, and 25,000 tons in other European countries. The United States 
produced 800,000 tons of benzine in 1908 and the Butch Indies 260,000 tons. 


TREATMENT OF PETROLEUM RESIDUES 


A, Lubricating Oils. B. Vaseline. G. Paraffin. 


(A) LUBRICATING OILS. The crude petroleum residue remaining in the boilers 
at 300° (astatki or masut ^) forms a brownish black mass with a greenish reflection, dense 
and sometimes semi-soHd at ordinary temperature, and often with a burnt, faintly creosotic 
smell ; it has a specific gravity of 0*900-0-950 and a coefficient of expansion of 0-00091, 
and gives inflammable vapour even at 120—160° ; that of Baku contains no paraffin and 
hence does not freeze. When these residues are discharged from the boiler, m order to 
cool them and so prevent them taking fire they are passed through the tubes which servo 
to heat the crude petroleum before introducing it into the boiler. At Baku the residues, 
which form almost two -thirds of the crude naphtha, are largely used as a combustible for 
the distillation vessels and also for locomotives and marine engmes, the calorific power 
being 9700-10,800 cals, and 1 kilo being able to evaporate as much as 14-15 kilos of water. ^ 


A.'''' fjerage, 87-5 per cent. C, 11 per cent H, and 1-5 per cent. O ; it has a mean 
specific gm-vity of 0 91, an ignition temperatuie of 110° and a calorific value of 10,700 cals When used 

vapours, mixed with compressed air, burning completely , it is often burnt 
directly after pulverisation with compressed air or steam. 

souSt^OT thpm ® petroleum residues and their inpreasing production, new outlets have been 

^ ^ “ substitute lor coal in the heating oJ boilers, steam-engines, 

the^It^ stated, this use of it is diminishing in Eussia, although continually extending in 

^ attempts have recently (1911) been made to bum it, after pulverisation, directly 

“I'"®* ** more than about 6e. per qmnti! 

^?15S^ttl,»«fl^;t transport IS hence excessive, increasing the price from lOd. 

hl^ ^ centesimi Oust under 2d.) per guintal. 

petroleum rraiduea are largely used for special engines of the Diesel type, 
i^ra^mg- Process. lu some cases xt is convenient to convert the heavy mineral oils (and also 
the Toamt) into petroleum for lighting, use being made of the process of erachmg. This is based on the M 
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Utilisation of a great part of these residues was commenced after the first American 
and Scotch samples (from shale oils) were exhibited at the International Exhibition at 
Paris in 1867. In Enssia enormous quantities of residues, of almost no commercial value, 
accumulated every year. Their utilisation was initiated in 1876 by the Eagosin proce^^s 
for preparing the best lubricating oils (those of Baku are highly valued) by distilling the 
residues by means of superheated steam, so as to avoid the formation of empyreumatie 
odours. 

The distillation is now carried out in long horizontal boilers, since in vertical ones — 
which were used at one time — the vapours, in contact with the heated walls, give products 
of profound decomposition and of bad odour. Direct-fire heating can be partly used in 
conjunction with internal heatmg by superheated steam at 220°, and the distillation is 
facilitated by carrying it out in a vacuum. 



Pig. 94. 


Eig. 94 shows the plant used by Nobel Brothers at Baku. The condensation is effected 
in long, parallel, slightly slanting pipes, d, (40-50 cm. in diameter), communicating 
alternately at the ends. The first of these is cooled by air alone, the second by water 
and the third by very cold water that circulates in a coil ; is an exhaust-pump. At 

established in 1872 by Thorpe and Young, that, when the vapours of heavy petroleums are superheated, they 
yield gaseous hydrocarbons (6 to 8 per cent.) poorer in hydrogen (ethylene series) and lighter liquids^which can be 
used as second quality petroleum. The operation is carried out 
in a vertical boiler (Fig. 93), placed in a furnace so that its 
walls are strongly heated by the hot fum^ circulating round 
them. The boiler is not completely filled with masut, so that 
the vapours evolved, coming into contact with the red-hot walls 
above the liquid, are decomposed ; after separation in a de- 
phlegmator of the heavy oil carried over, the vapours are pro- 
gressively liquefied in ordinary condensers or refrigerators, 
yielding solar oil, benzine, <&c , whilst the remaining gas is used 
for heating or for gas engines. A mineral oil from Ohio treated 
by this process gave the followmg products * 25 per cent, of 
benzine (sp. gr 0*650-0'745), 33 per cent, of lighting petroleum 
(sp. gr 0 •800-0*840), 10 per cent, of light paraffin oils for burn- 
ing (sp. gr. 0*854-0'869), 31 per cent, of solid paraffin and 
paraffin oil (sp. gr 0*870-0 925), and 3 per cent, of coke and 
loss. 

Manufacture of Benzene from Naphtha. Attempts in 
this direction had already been made as early as 1875, and 
later Eagosm and Nikiforow, Krey, Laing, Dewar, and 
Eedwood attacked the problem, but without practical success. 

Recently Nikiforow appears to have succeeded and he has 
devised a plant for treating 2400 tons of naphtha and pro- 
ducing 262 tons of benzene. He subjects the naphtha to two 
distillations under different pressures, in a retort first at 500® 
and then at 1000°. In this way 33 per cent, of tar containing 
60 per cent, of aromatic compounds is obtamed, together with an abundant supply of gas which serves for 
heating, lighting, and power purposes. After redistihation and rectification of the flhst of these products, a final 
yield of 12 per cent, of benzene and toluene is obtained, 3 per cent, of naphthaXeue, 1 p« otet. of anthracene, 
and various secondary products. Benzene thus prepare will apparently cost ‘20®. quintal and the anilme oil 
(used in dyeing) obtainable from it would cost about oue-i^ as much as that on the maffeet in Russia. J. Hausmann 
(Ger.j[Pat 227,178, 1909) also obtilans benzene and its derivatives by passing thei vapours of mineral off into red- 
hot tubes, and into con^t with catalytic agents (oxides of iim, lead, and snliffiate of iron, &c.>. 
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the bottom of each of these pipes is a discharge pipe for the mineral oil condensates, which 
pass to water -separators ; thus three qualities of oil are obtained hi three separate tanks : 
20-25 per cent, of solar oil, specific gravity below 0*890 ; 6-10 per cent, of spindle-oil 
of sp. gr. 0*890-0*900 ; 25-30 per cent, of engine oil, sp. gr. 0*900-0*920, 3-4 per cent, of 
cylinder oil, sp. gr. 0*925 ; 3 per cent, of tar ; and 5 per cent, of loss. The quantity of steam 
consumed varies from 100 to 150 per cent, of the amount of oil distilled and the quantity 
of masut treated every 24 hours corresponds with about double the volume of the boilers. 

A somewhat different apparatus which has also given good results for the distillation 
of tar and of its heavy oils is that made by the firm of Hirzel in Leipzig. The large boiler, 
jBF, with a convex base (Kgs. 95 and 96) is divided longitudinally by a metal partition, 1, 
which allows the two halves of the boiler free to communicate at the end, 7 ; the distillation 
products enter at the tube 4, connected with the horizontal pipe 5, from which the liquid 
descends to the bottom of the first half of the boiler along the tubes 6 ; the superheated 

steam enters by the tube 3, which 



Section I 

Tig. 95. 


is forked half-way down the boiler 
and connects with a battery of 
horizontal perforated pipes running 
along the bottom of the boiler. The 
liquid moves slowly in a compara- 
tively thin layer from the first to 
the second half of the boiler, pass- 



Fig. 96. 


ing through the space 7, and issuing at the tube 8 ; the vapours are collected in the 
dome, W 9 containing perforated discs to condense the drops carried over with the vapours, 
the latter proceeding through the tube a to the rectification or fractional distillation 
apparatus. In 1911 the Hirzel apparatus was also used by a large Italian firm of metal- 
lurgical coke manufacturers and tar distillers. 

Ail these crude mineral lubricating oils, after being freed from moisture by heating, 
are refined by prolonged shaking with 5-10 per cent, of concentrated sulphuric acid and, 
after decantation of the black acid, with a concentrated caustic soda solution (15° B6.) 
at 60-65° , this being followed by washing with hot water. In these refining operations 
8-15 per cent, of the mineral oil is lost. The residues in the boilers, ff they are not solfd 
coke, but pasty, are dissolved in benzene as a black varnish for iron, or are used as an 
adhesive in the manufacture of briquettes from coal-dust, or as a combustible. 

According to Ger. Pats, 161,924 and 161,925, it is proposed to treat crude mineral 
oils with a saturated solution of sodium chloride and carbonate, to blow air in for some 
time, and finally to distil in presence of an oxide of manganese. 

To render mineral oils inodorous, or nearly so, they are treated in the hot with formalde- 
hyde, and, after addition of alkali or acid to the mass, a current of steam is passed through 
(Ger, Pat. 147,163). According to Ger. Pat. 153,585, the 20 per cent, of crude mineral 
oil is distilled with superheated steam at 180° in presence of 1 per cent, of aqueous lead 
acetate solution. The distillate is free from sulphur and forips a lighting or gas-engine oil ,• 
the residue, after filtration, forms a denser and almost odourless lubricating oil. In some 
cases petroleum is deodorised by agitating with calcium chloride and a small quantity 




DECOLORISATION, ETC., OP OILS 77 

of iiydrochloric acid, decanting it, shaking witli lime to fix the chlorine, and sometimes 
adding a little amyl acetate or essence of fennel ; treatment with soda lye is also resorted 
to, and, better still, both for mmeral oils and petroleums, with sodium peroxide. 

Latterly, mineral oils soluble %n waiter have acquired importance for lubricating 
machinery, for greasing textile fibres to be combed, and for watering the streets to 
prevent dust. They are prepared by the Boleg process (Ger. Pats. 122,451, 129,480, 
148,168, 155,288) : the mineral oil is heated in a closed vessel, fitted wdth a condenser, 
at a temperature of 60-70° or above by means of indirect steam ; at the same time finely 
divided compressed air, after addition of a little caustic soda solution, is injected ; a 
small quantity of resin soap or a 'sulphoricinate is subsequently introduced, the air- 
current being continued meanwhile, and finally the whole mass is heated under pressure 
in an autoclave. 

Emulsions of mineral oils with water are obtained by addition of pyridine or quinoline 
bases or amino -acids. 

To obtain from dark mineral oils less coloured oils, and in some cases oils as colourless 
as water vaseline oils), the oil is passed slowly through wide, shallow (about 30 cm. 
deep) filters, filled with a special American clay (fuller’s -earth from Florida) consisting 
of aluminium and magnesium hydrosilicate^, previously subjected to slight roasting. 
The slow filtration is repeated several times and completed in filters arranged in series. 
The mineral oil remaining in the filters is recovered by displacing it by heavy tar oil (very 
cheap) and displacing the latter with water. Decolorisation is also effected with bone- 
black or, best of all, by residues from the manufacture of potassium ferrocyanide, which 
exhibit very great decolorising power (50 per cent, more than American clay) ; owing, 
however, to the new methods of manuiaeturing ferrocyanide, these residues are becoming 
scarcer and more expensive (they contain 30 per cent, of animal charcoal, considerable 
quantities of silica and silicates and a little ferric oxide). The darker mineral oils are 
partly decolorised with sulphuric acid, sometimes together with diohromate. 

Carts are often greased with the so-called consistent fats obtained by mixing 15-23 per 
cent, of calcium soaps and mineral oils with 1-4 per cent, of water (if there is no water 
the mass remains liquid, and if there is not a little free fatty acid emulsification ceases 
after a time and the calcium soap separates). 

In 1909 Germany imported 216,987 tons of mmeral oils. Italy in 1903 imported 
24,387 tons of mmeral oils (exclusive of petroleum) for engmes and steam cylinders, and 
in 1909 the importation (including a little heavy resin and tar oils) was 43,360 tons of 
the value of £450,000, besides 8800 tons of residues from the distillation of mmeral oils 
(masut), worth £14,000 (in 1907, 560 tons) ; ia 1910, 49,181 tons were imported. In 1910 
England imported mineral lubricating oils to the value of £1,705,366 and mmeral oils for 
gas-engines to the value of £262,455. 

REQUIREMENTS IN AND ANALYSIS OF LUBRICATING OILS. Lubricating 
oils serve to diminish the friction between metal surfaces in motion ; by adhering strongly, 
although in very thin layers, to these surfaces they prevent contact between them and 
hence friction and heating without sensible increase of the resistance owdng to the internal 
friction of the oil. Lubrication is due partly to chemical phenomena (formation of metallic 
soaps) and partly to physical phenomena not well understood ; in general, where there is 
much pressure the viscous oils are suitable, and in other places liquid oils, although in prac- 
tice mixtures of these two kinds are advantageously employed. Oil for lubricating steam 
cylinders at high temperatures should be resistant to great heat and to the mechanical 
and chemical action of steam, and should not give inflammable products at a lower 
temperature than 320°, or 300° where superheated steam is employed ; it should possess 
great adhesive power and viscosity and should not contain resmous or tarry r^idues. 
No oil resists the action of steam at above 350°. The good qualities, which are more or 
less dark, are transparent in the liquid state. The selection for steam cylind^s of oils 
viscous at ordinary temperatiires is unimportant, as they become as liquid as water when 
hot ; this is seen from a comparison of the following two mineral oils, -fhe numbers giving 
the viscosity in seconds required for the passage of 200 c.c. of oil throngh the Engler 
viscosimeter (see later) ^ 



at 70** 

at 100® 

at 150* 

at 170’ 

Viscosity of sample I 

270 

116 

74 

67 

„ n 

83^ 

226 

93 

73 
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The Russian engine oils are more Tiscous than the American, but the American cylinder 
oils are more Tiscous than the Russian. American oils with sp. gr. 0*908-0 920 and 
0-844-0*899 have viscosities almost the same as those of the Russian oils with sp. gr. 
0-893-0 900 and 0-900-0*923 respectively. 

The specific gravities of certain American and Russian oils are as follow : 


Axle oil 

Pale engine oil . 
Dark engine oil . 
Cylinder oil 


American 

0*908-0*911 

0-920 


0*884 

0-886-0*899 


Russian 

0*893-0-895 

0-903-0-905 

0*900-0-920 

0-911-0-923 


At the foot of the page is given a summary of the criteria laid down by Hoi do for 
various lubricating oils of good quality and the requirements to be answered by Ihote 
supplied to the Italian railways.^ 

Sometimes mineral oils are used in special motors for utilising their high calorific 
value (10,500-11,700 cals.). Sherman and Kropf (1908) found that the calorific value of 
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Fig. 98. 


mineral oils, and to some extent of petroleums, is inversely proportional to their specific 
gravity. 

The origin and properties of certain mineral oils is sometimes related to their content 
of paraffin, the determination of which is described on p. 86. 

1 (1) <M for spinning spindles. Clear liquids, viscosity {see later, Engler viscosimeter), 5 to 12 at 20®, inllam- 
inability (in the Martens-Pei^ky apparatus), leo” to 200®, (2) OH for %m-macMnes or compressors. Very fluid ; 
viscosity, 5 to 7 at 20® ; freeang-point below —20® ; inflammability, 140® to 180°. (3) Oil for light engines and 
transmission, maors, d^mos. Medium flmdity, viscosity, 13 to 25 at 20° ; inflammability, 160® to 210® (4) Oils 
/Of keai^ engines and transmission. Dense ; viscosity, 25 to 45 to 60 at 20® ; inflammability, 160® to 210®. (5) Dari; 
OHS for iocomotiw and radmap carriages. Viscosity, 45 to 60 (summer), 25 to 45 (winter) ; inflammability above 
140® ; jbreezing-point, —5® (summer), —15° (winter) (6) OH for steam cylinders. Very dense or buttery ; vis- 
cosity, 23 to 45 at 50° ; inflammability, 220® to 315®. For these buttery oils, the dropping-point is determined 
by the UbbdoMe apparedm (p. 6). 

The authorities of the Italian railways demand Russian oils, since these freeze only below — 10®, whilst the 
American ones solidify at 0° ; they must not contain water, that is, they must not froth if heated to 129° ; they 
must give no deposit even alter standing for forty-eight hours the viscosity must be at least eight times that 
of water, they should be perfectly neutral and should not contaan shale oil, resin oil, or animal or vegetable oil ; 
they should not have the slightest “ drying properties in the air (smeared on glass), or have a density below 
0-91 or a flash-point below 150®~180° ; they must not contain more than 10 per oent.^of light oils distilling bcloiv 
310® ; when shaken with water, the oil should separate immediately without the water remaining whitish. 

With rmneral oHs for aidomoHUs it is important to test for resin oUs, the procedure being as follows : 5 grms. 
of the oil are heated with 25 grms. of 60 per cent, alcohol to 40-^0° on a water-hath, the mixture being well shaken 
Until it emulsifles, allowed to cool and filtered. The alcohol is driven off from the filtrate on a water-bath 
and tlto cold r^due treated, drop by drop, with 2 to 3 c.c. of dimethyl sulphate , if resin oil is present, a red 
oolnifaMon it produced. 
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For lubricating oils it is important to determine the mscositt/f and this is usually 
effected by means of the Engler viscosimeter (Figs. 97 and 98), formed of a brass vessel, A 
(sometimes gilt inside), provided with a cover, ^4^, through which passes the thermometer, ^ ; 
at the bottom of the vessel is a platinum tube, a, 20 mm. long and of such dimensions 
that it allows of the efffux of 200 c.e. of distilled water at 20° in 52-54 secs. ; the aper- 
ture can be closed from above by the hard wooden peg, 5. The vessel, A, is contained in 
larger one, B, and the space between the two is filled with water maintained constantly 
at the desired temperature by means of the ring-burner, d, and the thermometer, ti. The 
dimensions of the apparatus are exactly defined and are shown in millimetres in the figure. 
The mineral oil is introduced into A (clean and dry) up to the level indicated by the three 
points (about 240 c.e.). When the temperature of the oil in .4 has the desired constant 
value, the flask C is placed under the efflux tube and the peg rapidly removed, the 
exact number of seconds taken to fill the flask to the 200 c.c. mark being determined 
by a chronometer. The time required, m seconds, divided by the corresponding 
number of seconds for water at the same temperature gives directly the degree of 
viscosity. 




The flash-'pomt is determined by the Pensky-Martens apparatus (Figs. 99 and 100), 
which is analogous to the Abel apparatus (p. 73) but without the water-bath, being 
furnished instead with a stirrer with vanes, 6, moved by twistiag the metal cord, h\ between 
the fingers ; it works similarly to the Abel apparatus, and the small flame, B, applied 
automatically, is fed by a small gas tube, if, and is relighted, every time it is extmguished, 
by another flame by its side. The thermometer, t, is graduated from 80° to 320°, and the 
heatmg is effected by the triple gas-btxrner, gr, so that the temperature rises 5° per minute ; 
observations are made by releasing the spring, at first for every 2° and later for every 
1° rise of temperature. 

The acidity is deternnned by titratmg 50 c.c. of the 100 c.c. of. 50 per cent, alcohol 
(neutralised) shaken up with 10 grms. of the mineral oil. 

It is sometimes useful to know if certain more or less dark mineral oils are fame refined 
products obtained by the distillation of petroleum residues (masut, &c.), or if they are 
merely the crude residues themselves diluted with more or l^s mineral oiL Charitschkoff 
(1907) found that the rise of temperature on mixing with concentrated sulphuric acid 
(Maumend number) in a Beckmann apparatus {see Molecular Weights, vol. i.) is 2*2-3“5® 
for all distilled products (solar oil and various oik) and 4-8*5° for aU non- 

distilled products (crude naphtha, masut, &o.). 
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(B) VASELINE (or mineral fat). This was prepared for the first time by 
Oheeseborough in 1871 and forms a white, buttery mass constituted almost 
exclusively of various high, saturated hydrocarbons. 

It is prepared, especially in America, by heating certain pale, crude, Penn- 
sylvanian petroleums by direct fire in open boilers, and passing into the mass 
a current of hot air until the desired consistency or specific gravity (0‘86~0‘87) 
is reached. The mass is then decolorised by passing it, while still hot, re- 
peatedly through animal charcoal or other decolorising agents (^ee p. 77). 
It is also prepared from the residues of Galician and German petroleum by 
diluting them with benzine and repeatedly refining with concentrated sulphuric 
acid. It melts at 33-40°. 

Artificial vaselines are also placed on the market, these being obtained by dissolving 
paraffin or cerasin (see later) in paraffiba oil ; they can be distinguished from the natural 
vaselines, the latter being sticky and ropy and the former not. At 60° the viscosity 
(Engler) of the natural vasehnes is 4’5“7*5, and that of the artificial ones little more than 1 ; 
the latter contain 11-35 per cent, and the natural vaselines 63-80 per cent, of paraffin, 
insoluble in 98 per cent, alcohol at 0°. The natural vaseline after solution in ether and 
precipitation with alcohol forms a sticky mass and the liquid remains turbid ; the artificial 
variety, on the other hand, is precipitated in flocks and the liquid is left clear. 

Gelatinised oil of vaseline, also prepared nowadays, is transparent and does not deposit 
paraffin, even if added in considerable quantity ; it is obtained by heating vaseline oil 
(sometimes with a little sulphuric acid) at about 200° and adding, at a certain moment, a 
small quantity of soap. 

For the decolorisation of vaseline and oil of vaseline see above. 

Vaseline is used in pharmacy for the preparation of unguent medicines, 
also for the preparation of lubricants, and, in large quantities, for coating 
metallic articles to preserve them from rusting and oxidation ; it is also used 
in the manufacture of smokeless powder. 

(G) PARAFFIN. This was first found in petroleum by Fuchs in 1809 
and Reichenbach obtained it from wood-tar in 1830, and showed its great 
importance as an Olummant. 

It was obtained later by distilliug lignites and bituminous schists. To-day it is largely 
prepared also from the denser American mineral oils (0*8588 and upwards), which oiii 
cooling deposit scales of paraffin. 

For this purpose an apparatus consisting of three vertical concentric cylinders is 
used ; in the inner and outer ones circulates a non -solidifying freezing solution, which 
has a temperature of -20° and serves to separate the parafc from the mineral oil in the 
middle cylinder. According to J. Weiser (Ger. Pat. 226,136 and 227,334), paraffin is 
obtained from petroleum and tar residues by dissolving them m hot benzine and glacial 
acetic acid ; on cooling, the solutions deposit paraffin, cerasin, or ozokerite. To free the 
flakes of paraffin from the adhering oil the cold mass is pressed in filter-presses (up to 
15 atmos.) and the cakes thus formed are finally squeezed in hydraulic presses, as is done 
in the case of stearine (see this) ; the blocks of paraffin are then spread out in a warm 
chamber, where the last traces of coloured oils flow away. In the Weiser process the 
•hydraulic presses are replaced advantageously by filtering tubes wound round with linen ; 
the paraffin from the filter-press is broken up and forced into these tubes, being afterwards 
removed by steam and sent to the sweating chamber. 

Hard paraffin melts at 54r-60°, has sp. gr, 0-898-0-915, and forms a white, 
translneent mass used for the manufacture of paraffin candles ; it is soluble 
in ether or benzene, insoluble in alcohol, acetic acid, and acetone. Soft paraffin 
with m.pt. 42-48° and sp. gr. 0-88-0-89 is used as an adjunct in wax and 
st^snne candles, to impregnate wooden matches, in dressing textiles and as a 
;^Temive of frothing during the concentration of saccharine juices {see Sugar) ; 
it'S^es also as an insulator of electrical conductors and as a cold bath in the 
raateifaetuie of hatrdened glass. 



PYROPISSITE 81 

Most of the paraffin and paraffin oil is obtained from ozokerite (see later), 
the tar distilled from the lignites of Saxony and Thuringia (pyropissite) and 
from, the bituminous shales of Scotland and Australia, and also from boghead 
coal. 

1. PYROPISSITE is a special and interesting lignite now almost exhausted, is 
obtained from deposits of oily wood, and is extracted from the mines in Saxony and 
Thuringia m moist (up to 55 per cent, water) more or less plastic masses which feel greasy 
and when dry become friable and readily bum ; it has a dark yellow or brown colour. 
In the dry state it gives up to alcohol 20 per cent, of its weight of a substance^ m.pt. 75-86°, 
givmg paraffin oil on distillation. The composition of a good air-dried pyropissite was 
found to be : water, 33 per cent. ; ash, 6-51 ; 0, 43*81 ; H, 6*97 ; N, 0*003 ; O, 8*81. 
When distilled in glass retorts in the laboratory it gives about 66 per cent, of tar, 26 per 
cent, of coke, and 8 per cent, of gas ; sometimes as much as 73 per cent, of tar is obtained. 
The industrial distillation of these lignites is carried out in large vertical refractory retorts, 
8 metres high and 2 metres wide, placed in a suitable furnace so that the external walls 
are heated by rational circulation of the hot gases. Inside the retort are arranged 
numbers of iron capsules, inverted one on the other with a certain distance between, and 
a diameter 12-20 cm. less than that of the retort. The lignite is charged in lumps at the 
top and descends gradually in the free annular space between the walls of the retort and 
the edges of the capsule. When it reaches the bottom it consists of nothing but coke, 
which is occasionally discharged, fresh ligmte bemg introduced at the top ; the gaseous 
products are evolved by a large tube at the top, and the tarry products (tar) flow down 
the walls of the capsules and are collected by a lower tube. The retorts are maintained 
at a dull red heat. 

Lignite tar is brownish yellow to black in colour, has a peculiar odour, and liquefies 
between 15° and 30°, giving a greenish fluorescence. Its specific gravity is 0*820-0*935, 
or usuaEy 0*840 at 35°. It has an alkaline reaction (from ammonia, ethylamine, &c.) and 
contains about 20-25 per cent, of paraffin. The best lignites give the less dense tars. 
According to the nature of the tar, the parafSn is obtained from it in the following ways 
(see also Part III, Distillation of Tar) : 

(1) With very dense tars, in order to separate the creosote and certain resinous sub- 
stances more efficiently, vacuum distillation in large direct -fired boilers is resorted to. 
This yields 25-50 per cent, of fatty oils, 50-65 per cent, of crude paraffin, and 7-9 per 
cent, of coke, which is burnt, together with the gases from the distillation, to heat the 
boilers. The mass of crude paraffin is jpurified with acid and alkali, or with acid and 
subsequ ent distillation. The more solid part is then separated from the oily part by cooling 
the mass in vessels holding 100-200 kilos, around which circulates a very cold solution 
(the non -solidifying liquids used for ice-machines, see voL i, p. 231). When the oily or 
buttery part (which is distilled for the extraction of solar oil and second-grade paraffin) 
is separated by filtration from the crystallised paraffin, the cakes of the latter are pressed 
in hydraulic presses at 160 atmos. to remove the 20 per cent, of oil still contained in them. 
The solid cakes which remain are yellowish in colour, and are purified by melting them 
several times with 10-15 per cent, of benzine and pressing them at 200 atmos. in a hydraulic 
press. To get rid of the smell of benzine the parafiBn is heated in iron cylinders with 
high-pressure steam, the hot paraffin being then passed through the decolorising material 
(animal charcoal, ferxoeyanide residues, or magnesium hydrosihcate clay (see p. 77)). 
The small quantity of this material retained by the paraffin is finally removed by 

^ Xow that the deposits of yyfoptssite are almost exhausted and the paraffin industry of Saxony and Thuringia 
has been subjected to the competition, first, of OBokente (after 1870), and then (after 1880) to the sesrions 
one of the American parafBn ^stracted from Ohio petarolenins — which has invaded all the markets of the world^ — 
it has been recently discovered that when pyropissite is distilled a great part of the paraffin is destroyed, much 
better yields being obtained by extracting direct with suitable solvents, which, after evaporation, leave a waxy 
mass ; when this is purified with faming sulphTiric amd, it yields an almost white pyoduot of great valne— the 
mofitan was (Bergwachs), similar to cerasm (mineral wax). The remedy for the paratBrn crisis of Saxemy aa:Mi 
Thuringia has surived too late^ since the valuable paraffin has been sc|uaudfi®®d by distilfofcion. ^ Other layers of 
lignite are being worked to-day, and are extracted in the hot with benzine ; tffie solution of bitumen extracted 

is first purified by thorough cooling, the paraffins being this sepaited t^hfie the lesins (ttoe are rewveiM 
by evaporation of the solvent ; they mdt at ,50^ to" 60® and' form' Ih to 'SSb p®* pwt. of fee mrhdte remain 

in solution. The bitumen separated in the oold^ is Su bewiste vi'lh, 

acid, the mass being kept mixed and slowly h^ted to boim^ ' Anffisal Is fee liq^ filtered* 

passed over fullefs-earth p. 77), and neutarajisied by pa^iag f lj||^ After 

the solvent there remains a yellowish or almost whii^ paraffin UW# 

n ■ « 
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filtration through paper, the parafiSn being then allowed to solidify in largo shallow 

moulds. . . . , 

Miss Az has recently suggested the purification of crude paraffin by treating it either 
fused or as powder, between 60® and 70®, with a solvent (methyl or ethyl alcohol, acetone, 
or acetic acid or anhydride). The paraffin is insoluble and the impurities soluble in these 
solvents. Paraffin thus purified appears to be of better quality than that purified m the 
ordinary way. 

The tar is sometimes distilled with superheated steam ; in other cases only the benzines 
{fhotogens) and the light oils are distilled, the residue being cooled to a low temperature 
and the solid paraffin which separates centrifugated to eliminate the tar and heavy oils. 
When the tars are very dense (above 0-900) Krey finds it convenient to distil them under 
a pressure of about 10 atmos., thus raising the temperature to 400-450®. This yields 
60 per cent, of distilled oil of sp. gr. 0*830, which is largely used for the preparation of 
oil-gas {see p. 57), 10 per cent, of gas, and 30 per cent, of residual oily tar. 

(2) With light and very pure tars a greater yield of paraffin is obtained more cheaply 
by treating the tar directly with concentrated sulphuric acid, washing with water, and 
subjecting to fractional distillation over calcium hydroxide. Crystallisation, pressing, and 
bleaching are carried out as described above. 

The following scheme shows the different operations and the final yields in a tar 
distillation (the brackets unite products which are worked up together, generally by 
distillation ; the ultimate products are shown in italics) : 

Tar 

(sp. gr. 0-830-0-890) 


Crude oil 


Crude paraffin 


Crude solar oil Bed oil Pasty mass I 


2 % fhotogem 
(sp- gr* 
0-800-0-810) 


Expressed oil 10 % faraffin I 
(m.pt. 54-60°) 


Crude solar oil Bed oil Pasty mass II 


12 % (sp. gr. 0-860-0-880) 


10 % solar oil 
(sp. gr. ■ 
0-825-0-830) 


I 

10 % yellow oil 
(sp. gr. 
0-850-0-860) 


solar oil 
residues 


3 % faity oil 
(sp. gr. 
0-880-0-890) 


1 % pasty distillate 
(m.pt. 30-38®) 


20 % dark paraffin oil 
(sp. gr. 
0-890-0-920) 


4 % soft paraffin 
(m.pt. 42-48®) 


Bhoiogm is a species of benzine similar to that of petroleum, but obtained by the 
distillation of wood, lignite, and coal ; it is used in the purification of paraffin, in the 
oarburetting of lighting gas, and for removing spots from fabrics. Yellow oil is used for 
the extraction of fats and for cleaning ; red oil (sp. gr. 0*860-0-880) has various uses, and 
weH for the manufacture of oil-gas {see p. 57) ; the fatty oils and dark paraffin 
dilB (0-^0-0-925) are used as oil for gas and for making cart-grease ^ ; the yellow and red 
oils (0*880-0-900) are used as thinner lubricants, 

. t fa. fa g* Froni the time when gasworks to mix gas obtained by the carbonisation of bitu- 
, eoal with carburetted wm^ffos and with w^^^a8 an 1905 Gwroany prbduccd 30,000,000 m. metres, England 
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Tlie washing of tar and of its distillates with alkali removes the creosote which is 
liberated by sulphuric or carbonic acid {see Part III). Washing with acid separates 
resinous masses which are set free by dilutmg the acid mass vuth water, this removing the 
acid. Distillation of these resinous masses with varying proportions of creosote oil and 
at different temperatures yields goudron or asphalts tar, ox artificial bitumen,^ which is 
used in the manufacture of impermeable pasteboaid for roofing, in rendering woodwork 
and masonry (especially in damp houses) damp-proof, and also in the manufacture of 
ultramarine. 

IL Another important source of paraffin is furnished by the Bituminous Schists, 
which are especially abundant in the Lothians in Scotland. In 1848 Young and 
Meldrum began to work and purify a special oil issuing from the surface of the soil in 

500,000,000 CTi metres, and the United States 1,550,000,000 cu metres of carhuretted water-gas), the nse of mineral 
Oils for carburetting the water-gas and tor producing oil-gas has increased considerably. a?hese oils for gasifying 
are obtained partly by the distillation of lignite and shale tais(sge pp. 116, 119), but more especially by* the 
distiUation of petroleum residues {solar oil, intermediate to true petroleum and lubricating oils). The price of 
these oils increases with the narrowness ot the temperature limits within winch the^^ boil ; these limits are usually 
100*^ apart and it is of no consequence whether they be 200“ and 300'’ or 250® and S50® ; they should contain less 
than 25 per cent of unsaturated hydrocarbons (soluble in concentrated sulphuric acid of sp. gr. 1 83), otherwise 
they give too much tar and coke on gasiflcation ; they should contain not more than 80 per cent of creosote, but 
a high proportion of paraffin is advantageous. In the United States 600,000 tons are consumed annually j about 
220,000 tons (in 1906) are imported into England, and about 4153 tons of mineral oils (sp gr. 0-83-0 83) into 
Germany for the carburetting of water-gas ; but Germany itself produces a further quantity of about 300,000 
tons of oil for gasifying, 13,000 tons being used for producing oil-gas on the railways, and 9000 tons for mineral- 
oil engines. For the carburetting of gas these oils should cost less than 9s. 6d per quintal. 

1 Asphlate, Pitch, and Bitumen. When tar from the dUiiilation of mod (or lignite) is heated until all 
the volatile products are eliminated, there remams a black mass which, w’hen cold, assumes a glassy consistency 
and forms pitch, used particularly for caulking ships, for preparing shoemakers’ thread, and foi making cements 
impermeable to water, &c • 

When coal-tar is completely distilled it leaves a more or leas hard black residue — which is used 
for ordinary asphalting and for making varnishes, laes, and coal briquettes (see vol. i, p. 369). pitch is also 
prepared expressly by prolonged heatmg of tar in a current of air or with sulphuric acid. 

Bitumen (mineral pitch) bears sometimes the unsmtable name, natural asphalte, and forms a fragile, blackish 
brown mass, which, on heatmg, softens between 100® and 135° ; it has the sp. gr. l-10<-l-20 and the hardness 2. 
It bums readily with a very smoky flame, is insoluble in water, alkali or acid, slightly soluble m alcohol or ether 
and readily soluble in benzene, carbon disulphide and turpentine (in which it ceases to be soluble after exposure 
to light, and is hence used in photo-lithography). The best bitumen is found at the surface of the Dead Sea in 
Palestine, and m greater quantities at the Pitch Lake in the island of Trinidad ; it abounds also in Syria, Utah, 
Venezuela, and Cuba, and at Bax (France). That of Trinidad is the best and contains 40 to 50 per cent, of pure 
bitumen and 30 per cent of mineral substances, the remainder consisting of organic substances and water. It 
is roughly refined on the spot by melting at 160-170° in open vessels to separate part of the mineral substances, 
the product thus obtained containing 56 to 68 per cent, of pure bitumen, having the 8p.gr,l-40-l*43 and softening 
at 85'"-95° , the portion soluble in petroleum ether bears the name petrolene. The amount of change, or efflor- 
escence, which bitumen will imdergo under the action of air and lighn can be estimated by determining the 
proportions of carbenes present, i.e. the products insoluble in carbon tetrachloride but soluble in carbon disulphide. 

Pure bitumen is used for making black sealing-wax, black lacs and varnishes, and also lamp-black ; the lower 
qualities serve for coatmg wooden structures (boats, telegraph poles), for cardboard, for roofs, and damp 
walls, &c. 

In order to distinguish natural from artificial bitumen, about 1 grm. of the substance is heated to 200°, cooled, 
powdered, and treated with 5 c.c. of 80 per cent, alcohol ; if the latter turns yellow and exhibits fluorescence* 
artifleial bitumen is indicated, whilst if the alcohol remains almost colourless, the bitumen is natural. 

By the term asphaUe (natural) is meant minerals, rocks, and earth containing bitumen *. gravelly stones impreg- 
nated with bitumen, as has been mentioned above, are treated for the ext-raction of refined bitumen by heating 
with water, whilst calcareous bituminous stones containing 5 to 14 per cent, (sometimes 20 per cent ) of pure 
bitumen, are used for the preparation of mphaUe mastic by powdering and fusing them homogeneously with 
a certain q.uantity of bitumen. This mastic is cooled in moulds and is used directly for paving streets and 
terraces, either alone or mixed with fine sand or gravel Powdered asphalte can also be used for paving, by 
spreading it out and compressing it with heavy cast-iion double rollers heated inside. 

In Cahfornia, large quantities of artificial asphaUe are prepared by prolonged injection of air into dark mmeral 
oils (sp. gr. 0*9333 to 0*9859) heated at 650°. Fusion of colophony at 250° and addition of sulphur yields an 
asphalte which is similar to that of Syria and is used in photography. 

Katural asphalte occurs abundantly near NeuchM, in the Bepartment of Ain (France), in the neighbourhood 
of Hanover, and at Xettomonapello in Italy (the product of this locality is worked at S. Valentino, near Chieti). 

Statistics and Prices. Pitedi: Italy produced 4820 tons of the value £9600 in 1909; England ex- 
ported 30,000 tons in 1909 and 36,000 tons m 1910, and imported 8000 tons in 1909 and 12,200 tons in 1910 ; 
Germany imported 39,251 and exported 22,387 tons m 1908, and imported 28,434 and exported 34,816 tons in 
1909. 

Asphalte : In 1909 Italy produced 111,067 tons of asphaltic rook, 26,588 tons of pulverised asphaltic roeik, 
8260 tons of artificial aspMte (obtained by mi xi ng the coke remainmg ftpm the distillation of tar with sand 
&c.) and 731 tons of compressed asphalte bricks. This production takes place mainly in Central Italy and In 
Sicily (at Bagusa di Siracusa and Modic^ ; the asphalte rooks of the latter locality, according: to A. Coppadpro 
(1910) contain 7 to 14 per cent, of bitumen and 82 to 89 per cent, of calcium carbonate). In 1999 Italy exported 
a total of 21,978 tons (of the value £132,090) of these substances Under the name scMd (^,175 tons in 

1906 26,036 tons in 1907 ; 24,158 tons in 3,908). In 1908 Germaic^ imported 130,062 tom tons in im) 

ahd carted 13,280 tons (14*200 in 1909); it produced 103, OOp tons m. 1005 ; OO/lOO tmas Ip iW (value £40,000), 
and 77,500 tons m 1009., Triidclad .exported asphatte to df £11530# i aiSv‘a^'dak3,200' in 1906. 

♦pe pnoe of tar is 6s. 7d, pear ; oxa pitch, 4«. 

to 4*. lOd. Ignito pitch, 4«. : lOd. td' wi lA ; 'Stoadim i!j4»ii M to 104 asph^e 1, 6Ss. ; a^htlte 

in .powder, ' ' . . , „ 



84 ORGANIC CHEMISTRY 

Derbyshire, and, having exhausted this deposit and not finding others, they succeeded in 
preparing mineral oils, which had been already introduced for illuminating purposes, by 
distilling cannel coal, which gave much lower but remunerative yields. 

In about 1860 they discovered that the interesting Scotch deposits of boghead coal 
gave a yield of oil much greater than cannel coal, and in 1864 and 1866 were erected the 
two works at Bathgater and AddiweU, which became world famous. The deposits of 
boghead coal were exhausted in four or five years, and were then replaced by the more 
abundant although less fertile deposits of hituminous schists (shales) in which Scotland is 
so rich. The invasion of American petroleum in about 1880 created a serious crisis in 
this industry, which was partially saved by new and improved technical methods intro- 
duced by engineers and chemists, especially by Henderson ; the by-products were more 
completely utilised, the furnaces improved, fractional distillation apparatus brought into 
use, the ammoniacal liquors utilised, the tar, coke, gas, and final residues employed as fuel 
and the labour reduced to a minimum ; the mineral oils came to occupy a secondary 
position, attention being paid to the production of paraffin and high-class lubricating 
oils for engines. 

In Brance these bituminous schists, which abound in the basin of the Autun and at 
Buxiere-les-Mines, were first worked in 1837 by Selligne in consequence of the studies 
of Reichenbach (1830), and the industry became a flourishing one about 1860 ; in 1864, 
128,550 tons of shale were distilled, producing 4750 tons of crude oil, destined principally 
to prepare oil-gas in the large towns. The invasion of American petroleums also over- 
threw this industry, which is now only partially supported by the Customs duty. 

A bituminous schist from Midlothian (Scotland) gave on analysis; 20 per cent, 
carbon, 0*7 per cent, nitrogen, 1*5 per cent, sulphur, the rest being mineral matter ; it 
gave up nothing soluble to ether. 

The industrial distillation is carried out in batteries of vertical retorts arranged in a 
furnace and heated also internally with superheated steam. The products of distillation 
are condensed with apparatus similar to that used for illuminating gas, the residues from 
the retorts, containing as much as 12 per cent, of combustible substances, being burnt 
in the furnaces. The distillation lasts from 4 to 6 hours, or, for large retorts holding 2 tons, 
24 hours. The yield consists of about 4 per cent, of gas, 8 per cent, of ammoniacal liquor 
(ammonium carbonate), 12 per cent, of crude oil, 76 per cent, of residue. The crude oil 
contains less than 0-03 per cent, of sulphur ; the gas evolved contains 21--23 per cent, 
CO2 ; 1-4 per cent. CO ; 13-24 per cent. H ; 1*6 per cent, of heavy hydrocarbons ; 8-20 
per cent. CH4 ; 1*2-4 per cent. 0 ; and 35-43 per cent. N. 

The crude oil is dark green and has a sp. gr. 0*865-0*885, and is semi-solid at ordinary 
temperatures owing to the paraffin present. 

This oil is treated by virtually the same methods as are used for lignite tar, that is, 
by contiauous distillation in a current of steam, so as to obtain purer products. The 
first distillation gives : green Tuiphtha (0*753) and green oil (0-858), which are purified by 
acid and alkali and then redistilled ; the first gives commercial mineral oil (also solar 
oil) and the second light oils and paraffin, which is separated by cooling from the Hue oil, 
which serves as a good lubricant when refined. The paraffin is purified by the process 
given above (paraffin of lignite tar). 

, A ton of bituminous schist (of the value of 125. 9|-d.) yields about 8 kilos of naphtha, 
115 kilos of crude oil (green oil), and 13 kilos of ammonium sulphate. From 100 kilos 
of green oil are then obtained 31 kilos of burning oil, 13 kilos of lighting oil, 11 kilos of 
midUe oil, 15 Mlos of paraffin, and 15-20 per cent, of loss, the remainder being coke 
or tar.i 

* Ichtbyol is an oil obtained by the dry distillation of a bituminous shale occurring abundantly in the 
Tyrol (at Seefdid), and at Besano (Varese), and Melide (Switzerland). On distillation it yields, besides lUuminating’ 
gas, 5 to 7 per cent of crude, utilfeable ichthyol (for Uie IMCelide shales) containing 5 per cent. (Besano) or 10 per 
cent. (SceMd) of combined sulphur and 6 to 7 per cent, of nitrogen. On distiUatiou, these shales lose 80 to 4.0 per 
cemt of tbcSr weight. The Besano oil is richer in pyridine bas^ than that of Seefeld, which contains 1 per cent, of 
Ihsem, (Baumann and Schotten, Contardi, and Malerba). 

of this oil with concentmted ^phuric acid yields i<giihyolsulphomc and containing 10 to 15 per 
cent. S (lilce sulplKincinates) and forming salts {icJiffiyolsvlph^cdm) with soda or better with ammonia, which are 
the cure of sfan diseases. Amtmnivm iMyoUtOplmMe (CsaHsaOsSad^HOa ?), which commonly 
the name ol ichthyol, forms a dense, reddish brown hgnid, soluble in watei, and its solution gives a black 
r^hnoua d(^wt wife Ha and yields when treated with KOH. 

distill^ withsteam (or treated with hydrogen p^xixMe) ichthyol loses its unpleasant odour, the deodorised 
being term^ MemyoL Of the many other derivatives (and substitutes, c.g. thyol, obtained by 
tiling taro* with sulphur), mentioto may bh made of ukthyofom (blackish brown, inodorous), prepared by 
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The oily schists of Australia (77 miles from Sydney) give, on distillation : 68 per cent, 
of oils, 14 per cent, of gas, 11 per cent, of crude paraffin was, and 7 per cent, of ash. 

In 1873, 524 tons of oily shales were treated in Scotland ; in 1893 about 2,000, OUO 
tons, and in 1909 3,000,000 tons, giving 280,000 tons of crude oil. The Scotch shale-oil 
refineries produced in 1908 90,000 tons of burnmg oil, 16,000 tons of engine oil, 40,000 
tons of gas-oil, 40,000 tons of lubricating oil, 25,000 tons of paraffin wax, and 60,000 tons 
of ammonium sulphate. In 1908 134,163 tons of bituminous shale of the value £72,400 
were produced in Italy. Li France 219,000 cu. metres were distilled m 1890. ^ 

In Germany 80,000 tons of lignite tar (corresponding with 600,000 tons of lignite) 
are distilled annually, and the products obtamed (9000 tons of paraffin w’ax — two-thirds 
hard and one-third soft — 5000 tons of solar oil, and 3500 tons of heavy oil) have a value 
of about £880,000. 

Tar can be purchased from the lignite distilleries at little more than lOd. per quintal, 
and, treated as above, yields 145. M. to 165., taking as the average selling prices per quintal ; 
paraffibn wax, £3 125. ; solar oil, IO 5 . 5d. ; yellow oil of paraffin, 125. lOd. ; dark oil of 
paraffin, IO 5 . 5d,, which are about 25 per cent, less than the market prices. 

III. The third source, one of the most important, of paraffin wax is Ozokerite 
(or mineral wax). It is found in England, Russia, and America, but the 
deposits of greatest industrial and historical importance are those of Galicia 
(Boryslaw, Pomiarki, Starunia, &c.), where it occurs in seams as much as 
a metre in thickness. It was discovered by Dorns when searching for petro- 
leum, and from 1860 to 1870 was worked by the Landesberg process for the 
extraction of paraffin wax, which competed keenly with that of Saxony and 
Thuringia (from lignite) ; in 1870, Pdt and Ujhelyi found that simple treat- 
ment of ozokerite with concentrated sulphuric acid, followed by decolorisation 
with animal black, yields cerasin, a product of greater value than, and similar 
to, beeswax.^ In the State of Utah, the industrial treatment of ozokerite 
was begun in 1888, and in 1890 already yielded as much as 600 tons of crude 
cerasin. 

Ozokerite forms an amorphous mass of a yellow, brown, greenish, or black 
colour and of varying consistency ; the harder varieties show a fibrous fracture ; 
the specific gravity is 0*85-0*95, and the m.pt. 55-110^ (usually between 
60° and 79°) ; it contains 85 to 86 per cent, of carbon and 14 to 15 per cent, 
of hydrogen, and hence consists principally of paraffins, together with a 
small proportion of olefines ; it is soluble in benzine, turpentine, petroleum, 
ether, and carbon disulphide, but only slightly so in alcohol. It forms an 
excellent electrical insulator and can be used in place of gutta-percha. 

According to Hofer, ozokerite has been formed by the slow evaporation, 
during many centuries, of petroleum rich in paraffin. 

On distillation, it yields : 2 to 8 per cent, of benzine, 15 to 20 per cent, 
of naphtha, 36 to 50 per cent, of paraffin wax, 15 to 20 per cent, of heavy 
oils, and 10 to 20 per cent, of residual solids. 

STATISTICS AND PRICE OF PARAFFIN WAX. In 1908 fourteen factories in 
Germany treated 70,000 tons of lignite tar, worth about £160,000, and produced 45,000 

treating ichthyolsulplionic acid. with formaldehyde and used as an antiseptic for the intestines and instead of 
iodoform for coxing wounds ; it costs £4 per kilo and ammonium ichthyolsulphonate £1 per kilo. 

^ The material from the mines (shafts 80 metres or more in depth), which contains admiied earth and stones, 
is placed in open vessels holding 300 litres and heated by direct fire heat ; the mineral naatter settles to the lx)tt»m 
and is separated by decantation. This matter still contains 10 per cent, of wax, which is extracted with benaine ; 
both this and the decanted part form the prime materials treated in the refineries found in all countries. 

The refining is carried out m large iron boilers holding up to 3000 kilol of the crude wax, half a metre being 
left free to take the scum which forms. The fused mass is kept at 115-120“ for four to five hours and is stirred 
to liberate aU the water ; 15 to 25 per cent, (accordmg to the quality of the wax) of fuming suliihusnc acid con- 
taining 78 per cent, of SO, is then added, in a thin stream, to the mass, which is thoroughly stirred meanwhile ; 
the tempmture uses slowly to 105“ and then to 175“, the oxidisable impurities separating as a black imm (aaphalte) 
and the excess of sulphuric acid evaporating. The vessel is covered and provided with a dmu^-pipe to carry 
off the acid vapours. The mass is allowed to cool slowly, being neutralised with re^dues from the manufacture 
of imrocyanidc, decolorised with animal black and sent to the filter-presses. The ir^ obtained is sfeifl ^ighUy 
yellow and is whitened by fiirthar treatment with sulphuric acid. When beeswax is to be imitafeed, qiinolme 
yellow or other coid-tar dye la added. 
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tons of oil, 11,000 tons of crude paraffin was (equal to 7600 tons of the pure was, worth 
£220,000), and 8000 tons of creosote, tar and pitch, of the total value of £460,000 ; about 
1,000,000 tons of lignite were distilled and 350,000 ions of coke lett. For several years, 
however, the industry has been stationary. The market price of paraffin wax varies some- 
what with its melting-point^ ; white, m.pt. 38-40^, costs 78,?. per quintal ; that melting at 
42-44", 825. Od. ; at 48-60°, 865. 6d, ; at 66-68°, 925. ; and at 60-62°, £5. That used in 
pharmacy, m.pt. 74-76°, costs as much as £9 125. Crude paraffin wax is sold for about 
665. During recent years, however, the price has diminished considerably owing to the 
great production in Galicia (54,000 tons in 1909 and 62,000 in 1910), whence a considerable 
quantity is exported into Germany even at less than 325, per quintal. 

In 1909 England imported 53,000 tons (£1,126,000) of paraffin, and exported 17,400 
tons (£407,024) ; in 1910 the exports were valued at £288,457. 

In 1903 Italy imported 9526 tons of solid paraffin ; in 1905 about 8880 tons ; in 1909 
17,400 tons, and in 1910 19,153 tons of the value of £400,000, in addition to 108 tons of 
ceramn worth £4340. The production of paraffin in the United States has become of 
great importance, the Standard Oil Company having almost the monopoly (95 per cent, 
of the American output) ; the exportation was 75,000 tons in 1905, 85,000 tons in 1909, 

95.000 tons (£1,465,800) m 1910, and 97,000 tons (£1,409,600) in 1911. From the 
bituminous shales of Scotland 23,000 tons of paraffin wax were obtained m 1910. 

Pure white cerasin resembles wax, melts at 62-80°, and has the sp. gr. 0*918-0*922. 
It is used in making candles, in perfumery, and as dressing for textiles. It is subject to 
much adulteration owing to its high price ; the yellow of the first quality, m.pt. 62-63°, 
costs 108s. or more per quintal ; the second quality 925. ; that melting at 68-70° costs 
£6, and the white, m.pt. 62-63°, £6 12s.^ 

The ozokerite worked in Austria-Hungary in 1877 amounted to 8961 tons ; in 1885, 

13.000 tons ,• and in 1894, 6742 tons. The exportation of cerasin was 3594 tons in 1891 
and 2382 tons in 1895. 

In the United States the production of refined ozokerite, which was 160 tons in 1888 
rose in 1892 to 75,000 tons, of the value of £4,000,000. 


^ The estiiaatioa of the paraffin wax in a commercial sample of hard paraffin is made by Holde’s method : 

1 grm. IS dissolved in a test-tube in ether— excess of which is avoided— the solu- 
tion cooled to - 20*^ or - 21® and an equal quantity of absolute alcohol added ; the 
paraffin 15 thus separated in flakes, and if the mass is too hard to be filtered, it is 
diluted with the mixture of alcohol and ether cooled to - 20° (m Freezing Mix- 
tures, vol. i, p. 229). The filtration is effected under pressure m a funnel sur- 
rounded With the heezing mixture, the paraffin being washed with the alcohol- 
ether mixture and the washings kept separate from the first filtrate ; the latter is freed 
from the solvent by evaporation, and any paraffin wax that may have been dissolved 
then estimated. The paraffin on the filter is dissolved in hot benzine, the solution 
evaporated in a tared dish, and the residue dried at 105® and weighed ; the per- 
centage of paraffin wax found is increased by 1 to correct for constant errors of 
analysis. The apparatus used is shown in Fig. 101 ; the solution to be filtered is 
kept cold in the test-tubes immersed in the freezing mixture, 3, surrounded 
by felt. 2 ; the water from the freezing mixture runs off at 5 and that which drops 
collects in 4. 

With saft paraffin wax Eisenlohr’s method is used : 0*6 grm. of the substance 
IS dissolved in 100 c.c. of absolute alcohol, 25 c.o of water being added and 
the solution cooled to - 18® or - 20®. The separated paiajffin is filtered as 
described above and washed with 80 per cent, (by volume) alcohol until the filtrate 
no longer turns turbid on addition of water. It is dried in vacuo at 40® until 
constant. 

To detect the addition of even small quantities of cerasin (see above) Graefe 
dissolves 1 grm. in 10 c,c of carbon disulphide at 20® and treats 1 c.c. of this 
solution with 10 c.c. of a mixture of equal volumes of alcohol and ether. If 
undissolved flocks remain even after heating and subsequent cooling, the presence 
of cerasin is certain j this r^uJt can be confirmed by means of the Zeiss oleo- 
refeaetometer, paraffin wax at 90® showing 1*5 to 4, and cerasin 11*5 to 13 (XJlter 
and Sommer, L906 ; Berhnerblau, 1903). 

^ A mixture of mmin and paraffin wax can be detected by the following test : a glass rod 3 mm. in diameter 
a depth of 1 cm. in the fused substance, extracted, allowed to cool and hung in a 
t^-tnbe heated externally with water. If the wax drops above fifi®, it is pure cerasin, whereas if it drops below 
f ^ dropping-point can also be determined 

aparatus (p. 6). Adffition of colophony is recognised by the acid number or saponification 
Bumosff, colophony being saponifiable and cerasin not. 
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(b) UNSATURATED HYDROCARBONS 
L ETHYLENE SERIES : (Alkylenes or Olefines) 


Two groups belong to this series, the olefine group, the first member of 
which is ethylene, C2H4, the succeeding ones being open-chain hydrocarbons 
with a double linking between two carbon atoms, since hydrogen, halogens, 
ozone, (fee., can be readily added to them, transforming them into saturated 
compounds of the paraffin series. 

The other group yields additive products only with difficulty, and its 
members are formed of closed carbon-chains {cyclic compounds). The first 
term is trimethylene or cyclopropane, hexaniethylene, and higher compounds 
bemg known : 


CH. 


CH, 

Tnmethylene 


H^C 


Hg H2 

^2 


Hexamethylene 


The carbon atoms in these last compounds are all in the same conditions 
and cannot be] difierentiated. The cyclic compounds will be studied in a 
separate section^ of the aromatic series (Part III). 

The following Table gives the more important members of the olefine 
series (the number in parentheses representing boiling-points under reduced 
pressure) : 



Melting- 

point 

Boiling- 

point 


Melting- 

point 

Boiling- 

point 

Ethylene, C 2 H 4 

-169° 

-103° 

Hecylene, CioB^o - 

— 

172° 

Propylene, OsHg . * 

— 

-48° 

Endecylene, C 11 H 22 

— 

195° 

Cn 

— 

-5° 

Dodecvlene, 

0 

CO 

1 

(96°) 

Butylene (3 isoms.),) 

— 

+ 1 ° 

Tridecylene, Ci_ 3 H 28 « 

— 

233° 

C 4 H 8 



- 6 ° 

Tetradecylene, C 14 H 28 

- 12 ° 

(127°) 

Amylene (5 isoms. ), 



Pentadecylene, CigHgo 

— 

247° 

OsHio ; normal- 



Hexadecylene QigHsa 

1 4° 1 

274° 

amylene 

i 

-f 35° 

(Cetene) 

/ \ 

(155°) 

Hexylene, . 

; — 

68 ° 

Octadecylene, . 

-fl 8 ° 

(179°) 

Heptylene, C 7 Hi 4 

— 

98° 

Eicosylene, C 20 H 40 

— 

— 

Octylene, CgHig 

— 

124° 

Cerolene, C 27 H 54 . 

-h58° 

— 

Nonylene, CgHig • * 

— 

153° 

Melene, CgoHeo • • 

+62° 



The official nomenclature of the olefines is the same as that of the paraffins, 
excepting that the final ane is changed into ene (thus ethylene, which is isologous 
with ethane, is called ethene, and so on ; see also p. 28 ). ^ 

These unsaturated hydrocarbons difier little in their physic^ properties 
from the corresponding saturated homologues. 

The first terms— up to C4Hg— are gases, and after C5H10 come liquids 
with increasing boiling-points, these gradually approaching one another as 
in the paraffins ; the higher members are solid and, like the paraffins, have 
a sp. gr. 0 - 63 - 0 - 79 , are insoluble hi water, but soluble in alcohol or ether. 

The chemical properties differ somewhat from those of the saturated 
compounds. Thus, they readily take up HCl, HBr, HI, O, 3 r, I, fuming 
H2SO4, hypoohlorous acid (giving chloro-alcohols or cUomyanns, e.g. 
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CH2 : CHa + HCIO = CHaCl-CHaOH), hyponitrous acid, ozone, &c., forming 

conipoiiiids of tlie saturated series. 

Cl is added more easdy than I, Br occupying an intermediate position, 
■whilst HI is added more easily than HBr, and this more easily than HCl. 
With these acids, the halogen is added to the carbon atom with -which the 
least hydrogen is combined. 

Ethylene unites with fuming sulphuric acid at the ordinary tem]>erature 
and with the ordinary acid at 165°, forming ethylsulphuric acid, C2HSO • SO3H ; 
wdth higher compounds, the acid radicle passes to the less hydrogenated 
carbon atom. 

They often polyonerise under the action of sulphuric acid or zinc chloride ; 
for example, amylene, C5H10 forms C10H20, a^iid O15H30 gives CgoH^o* 

They are readily oxidisable, for example, with potassiuni permanganate 
or chromic acid (not with nitric acid in the cold), the chain being then broken 
at the double linMng, with formation of oxygenated compounds (acids) con- 
taining less numbers of carbon atoms in the molecule. Careful use of per- 
manganate results initially in the addition of tw^o hydroxyl groups without 
breaking the chain and forming dihydric alcohols [glycols), for example, 
OH-CH— CH*OH.^ 

Almost ^all compounds -with a double linking between atoms of carbon 
give Baeyer^s reaction, that is they rapidly discharge the violet colour of a 
dilute solution of potassium permanganate and sodium carbonate, with forma- 
tion of a reddish brown flocculent precipitate of hydrated manganese peroxide. 

This reaction is not given by reducing substances like aldehydes or by 
certain aromatic compounds {-phenanthrene, &c.). 

All compounds with doubly linked carbon atoms give the ozone reaction 
(Harries, 1905, and Molinari, 1907), that is, when dissolved in a suitable 
solvent they fix, quantitatively and in the cold, the ozone contained in a current 
of ozonised air passed through the solution; in this property they differ 
from compounds with either a triple linking or a benzene double linking (E. 
Molinari, Ann, Soc, Gliim., Milan, 1907, 116). 

METHODS OF PREPARATION. (1) They are formed, together with 
petroleum, in the dry distillation of wood, lignite, coal, paraffin cracking,’' 
&c.). 

(2) By eliminating water from the abohols, by heating them 

with dehydrating agents (H2SO4, P2O5, ZnClg, &c.) ; a stable intermediate 
product is sometimes formed, e,g, ethyl-sulphuric acid, C2H5*HS04, which 
at a higher temperature gives ethylene and sulphuric acid, ffigher alcohols 
and ethers are resolved, merely on heating, into olefines and water. 

(S) From saturated halogen derivatives C^^Hg^+^X (X = halogen), 
especially from secondary and tertiary bromo- and iodo-derivatives, by heating 
them with alcoholic potash, or by passing their vapours over heated lime 
or lead oxide, &o. 

C^Hnl + G2H5OK = KI + C^Hs-OH + CgH.o. 

The mixed ether, CgH^^i - 0 * CgHg, may also be formed to some extent. 


^ rrom wltat lias beea said up to ilie present, it is obvious that a double linking does not signify a firmor 
union between carbon atoms; it is simply a convention. And the breatong of the chain, by oiadising agents, 
at the double linMng is to be attributed to the ease of formation of mtenuediate products (6.g. dibydric alcohols) 
rather than to a less attraction existing between carbon and carbon at that point. Such readiness to react may, 
ac^rdmg to Baeyer, be arplamed by regarding the affinities of the carbon atom as orientated or grouped at four 
^1^ arranged like the voices of a regular tetrahedron (see p. 18 et seg,). If two carbon atoms unite by a double 
the poles at the surface of the carbon atoms Become di^laced and approach one another, so that there 
remits a ee^mimsion which tends to restore the poles to their original positions (Baeyefs tenmn hypothesis of 
and which explains the readiness with which thedouble Iinkmg reacts or opens. After the initial oxidation 
Jading to iffiese intermediate products, farther action of the oxidising agent, as a general rule, oxidueM or htmU 
5* T?”.*** f Oimen a^eady eansts, that is where the oayidation is already begun (see Part III, The 

B^i'potiKsus of the Bartini Valencies of the Beuiene Hucleus). 
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ETHYLENE 

(4) From dihalogenated compounds by beating with zinc : 

C^H^Bra + Zn = ZuBr^ + QH,. 

(5) By electrolysis of dibasic acids of the succinic acid series : 

C2H,(C00H)2 = CgH, + 200^ + 

(6) Unsaturated compounds are obtained by heating the condensation 
products of the hetenes (q.v.). 

CONSTITUTION OF THE OLEFINES. In this group it is assumed that between 
two carbon atoms there exists a double Imking: H2C=CH2, HaC^CH—CHg, &c., the 
presence of two free valencies, thus, HgC— CHg or HC— CHg, being excluded for the 
following reasons : I I A 

In unsaturated compounds the addition of halogen does not take place at a single carbon 
atom, so that ethylene chloride, C2H4CI2, has not the formula CHg-CHClg, which is that 
of ethylidene chloride obtained from acetaldehyde, CHg-CHO, by replacement of the 
O by CI2 (by the action of PCI5). Since ethylene chloride is chemically and physically 
different from ethylidene chloride, the former must have the constitutional formula, 
CH2CI — CH2CI, and the third formula for ethylene, CHg — CH<!^ is thus excluded. The 
second formula is not probable because, if the existence of free valencies is assumed, they 
could also occur in non-adjacent carbon atoms, and thus give rise, in the higher hydro- 
carbons, to numerous isomerides which have, however, never been prepared (if propylene 
had two free valencies, four isomerides should exist, instead of only one) ; further, the 
addition of halogen always takes place at two contiguous carbon atoms {see Note on 
preceding page). 

Fmally, the admission of free valencies in organic compounds is madmissible in view 
of the unsuccessful attempts to prepare methylene (or methene), CHg, for instance, by 
eliminating HCl from methyl chloride, 2CH3GI = 2 H 01 -h 2 GB. 2 <^ ; the two methylene 
residues always condense, forming ethylene, as the two valencies cannot remain free. 

ETHYLENE, C2H4 (Ethene), H2C = CHg. This is a gas, becoming hquid 
at —103° and solid at —169°, or hquid at 0° under 44 atmos. pressure. It 
is very slightly soluble in water or alcohol. It has a somewhat sweet smell 
and burns with a luminous flame ; indeed, illuminating gas, which contains 
2 to 3 per cent, of ethylene, owes part of its luminosity to this gas. When 
mixed with 2 vols. of chlorine it burns with a dark-red flame, carbon being 
deposited and HGl formed. At a red heat it yields C, CH4, CgHe? CgHg, &e. ; 
with hydrogen in presence of spongy platinum or, better, powdered nickel at 
300°, it is converted into ethane. 

It is prepared in the laboratory by heating alcohol with excess of sulphuric 
acid ; as an intermediate product, ethyl-sulphuric acid is formed, this 
giving ethylene when heated : C2H5*OH + H2SO4 == HgO + G2H5HSO4 ; 
G2H5HSO4 = H2SO4 + G2II4. Pure ethylene is obtained (1) by passing 
a mixture of carbon monoxide and hydrogen over finely divided nickel or 
platinum at 100° : 2GO + 2H2 = G2H4 + 2H2O ; (2) by dropping alcohol on 
to phosphoric acid at 200-220° ; or (3) from ethylene bromide and a copper 
zinc couple. 

PROPYLENE, CgHg (Propene), CH2=CH — CHg. This can be prepared by heating 
glycerol with zinc dust or from isopropyl iodide and potassium hydroxide. It is a gas 
which liquefies at — 48 ° and is isomeric with trimethylene. 

BUTYLENES, C4Hg (Butenes). Three isomerides, the a, / 3 , and y, are known, and are 
obtained by treating normal, secondary, and tertiary butylene iodides respectively with 
potassium hydroxide : 

. p-rr 

0H2=CH— OEt— CH3 CHs— CH=aH— CHj ^®>0==CH2 

But^e-1 (a-butylene) Butene-Z 0 -bntylene) MeUiylpcopene Osobutylene) 

Tetramethylene or cyclobutane is isomeric with the butylenes. 
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AMYLENES, CsH,o (Pentenes). Of the various isomerides theoretically possible 
ereral hare been prepared. By heating fusd oil (of distillerios) with zme chloride, 
lentanes and various isomeric amylenes are formed which can be separated by means ot 
he different velocities with which HI is added to them, or by the property possessed by 
some of them of dissolving in the cold in a mixture in equal parts of concentrated sulphuric 
icid and water, forming amylsulphuric acid, whilst the others either do not react or give 

londensation products (di- and triamylenes). , ^ j 

CEROTENE, C27H54,and MELENE, CsoHso, are similar to paraflSn, and are obtamed 

by distilling Chinese wax or beeswax. 

If. HYDROCARBONS OF THE SERIES, Q.Hg,, 


A. With Two Double Linkings (Diolefines or Allenes) 

Of the few known terms of this series, the first and best investigated is ALLENE, 
HjC : G : CHj (fropandiene) : this is a colourless gas which differs from its isomeride 
allylene in not forming metallic derivatives ; it is obtamed by eliminating one atom of 
bromine from tribromopropane by means of potassium hydroxide and the remaining two 
by zinc dust, its constitution being thus rendered evident ; 

CHgBr ■ CHBr • CHaBr.^ CHa : CBr . CHgEr-^ CHg C : CHg. 

ERYTHRENE, C4H6 (PyrroHlene or Butane- 1 : 3 -diene), CHa :jCH-CH : CHg, is a 
gas found in illuminatmg gas, and when heated with formic acid gives erythntol. 

ISOPRENE, CgHg, boils at 37 ° and is obtained by distilling rubber. On the other 
hand, with concentrated HCl, it condenses, regenoratmg rubber or forming terpenes, 

CH 

C10H16, C15H24, &C. Since dimethylaUene, : C : OH^, gives, with 2 HBr, a di- 

bromide, ®®>CBr-CH2-CH2-Br, which is identical with that obtamed from isoprone 

+ 2 HBr, tlie constitution of isoprene must be : • CJHg. 

The normal isomeride PIPERYLENE, CH2 : CH-CH2-CH : CH2 (Pentane -1 : 4 -diene) 
boils at 42 ° and is obtamed from piperidine, 

DIALLYL, CgHio (Hexine), is prepared by the general reaction— the action of sodium 
on allyl iodide — which indicates its constitution : 

2CH2 : CH.CH3I + 2 Na = CH2 : CH.CHs.CHg.CH : CHg + 2 mi. 

COirSTLENE, C8 Hi4(1 : 4 -octadiene), CHa : CH-CHg-CH : CH2-CH2-CH3, boils at 126 ° 
and is obtamed from coniine. 


B, Hydrocarbons with Triple Linkings (Acetylene Series) 

The most important members of this series are : 

Aceiylemy CgHg (ethine), HC~GH, gas. 

Allpkne, C 3 H 4 (propine), CHs-C^CH, gas. 

OrotonyUne^ C^Hg (2-butine or dimethylacetylene), CHs'C i C-CHg, boils 
at 27^. 

Mtkylacetylem, C^He (3-butiae), CHg'CHa'C : OH, boils at 18°. 
MeihyUthylacdylem, CgHg (S-pentine), CHg-CHa'C : C-CHg, boils at 56°. 
n-Propylacetylene, CgHg (4-pentine), CHg-CHa-CHa* 0 : CH, boils at 48°. 

IsopropyhrCdylme, O^Hg (S-methyl-l-butine), Qg®>0B[*C : OH, boils at 28° 

Several of these compounds (the first three) are formed during the dry 
distillation of coal and other complex substances, and are hence found in 
lighttog gas. 

In the laboratory they are obtained by the following methods : 
ia) By electrolysing acids of the fumaric acid series (see later) : 

COOH-CH i CH-COOH - H 2 + 2 CO 2 + HC i OH. 
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ACETLYENES 

{b) By heating with alcoholic potash the halogenated compounds (best 
the bromo-derivatives) and gradual elimination of 

halogen hydracid (of HBr or, in presence of KOH, of KBr and HgO) occurs : 

C^H^Bra = HBr + CaHgBr ^HBr + 

In general, starting from the saturated hydrocarbons, CJI^n + 2> action 
of halogen and elimination of halogen hydracid gives an unsaturated hydrocarbon, 
; addition of halogen to this and subsequent removal of halogen hydracid 
gives a still less saturated hydrocarbon, C,jH2;j ^ and so on. 

Elimination of 2 HC 1 from the compounds 0,jH2„Cl2, obtained from alde- 
hydes or from certain ketones (methylketones, C^^Ho^j^-i-CO-CHg) by the 
action of PCI5, yields always a trebly linked compound, in which, however, 
one of the carbon atoms is always united to a single, characteristic hydrogen 
atom : — G = CH ; for example, acetaldehyde gives ethylidene chloride, 
CHg • CHCI2, which then yields 2 HC 1 + CH i CH ; while acetone, CHg * CO • CH3, 
gives chloroacetone CH3-CCl2*CH3, and this 2 HC 1 -f- CH3*C= CH, the 
elimination of halogen hydracid never occurring in such a way as to give 
compounds with two double linkings, such as CHg : C : CHg. 

Acetylene derivatives are also obtained by heating the acids of |^the pro- 
piolic series {see later). 

Compounds with this characteristic hydrogen atom — C^CH have a 
feebly acid character and form solid metallic derivatives (acetylides) when 
treated with an ammoniacal solution of copper chloride or silver nitrate : 
cop'per acetylide, Cu*C :C*Cu, HgO, having a reddish brown colour and 
apparently the constitution, CugCH-CHO, since with hydrogen peroxide it 
gives acetaldehyde, GH3* CHO (Makowka, 1908 ) ; and silver acetylide, AgC : CAg, 
which is white and insoluble in water or ammonia and, in the dry state, is 
extremely explosive, simple rubbing being sufficient to explode it. With 
hydrochloric acid it regenerates acetylene in a pure state. 

The proof that it is the characteristic hydrogen atom which is replaced 
by metals lies in the fact that acetylene derivatives from other ketones (not 
from methylketones) do not give metallic acetylides : 

CH3 • CH2 • CO • CH2 • CH3 — .CH3 • CH2 • CCI2 • CH2 • CHg — ^ 

2 HG 1 + CHg-C C-CHa'CHg. 

Four atoms of a halogen or of hydrogen can be added to the hydrocarbons 
of the acetylene series, saturated compounds being formed ; but as a rule 
only two atoms are readily added, although under the action of light four 
halogen atoms can be added almost always. 

The compounds of the olefine series can, however, be distinguished from 
those of the acetylene series by means of the ozone reaction, since compounds 
with a triple linking do not fix ozone at all (Molinari). 

The hydrocarbons of the acetylene series take up a molecule of water in 
presence of mercury salts, giving rise to complex mercuric compounds, 
which, with HCl, give as final product an aldehyde or ketone of the satu- 
rated series — CHg-G : CH (aUylene) + HgO = CHg-CO'CHg (acetone) or 
CH J CH + HgO = CHs-CHO (acetaldehyde). This last reaction serves to 
illustrate the transformation of inorganic into organic substances (^ee later ^ 

P* 

In the acetylene series, also, condensation or polymerisation is possible, 
three molecules of acetylene, on heating, yielding beiozene GgHg ; three mois. 
of dimethylacetylene, C^Hg, giving, with concentrated sulphuric acid, hexa- 
methylbenzene, C6(CH3)6, and aUylene similarly yieldirg trimethyUbenz^ne 

{mesitylene) C6H3(CH3)3. 
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In tke higher compounds, the position of the triple bond is deduced from 
the oxidation products, since, as wdth substances with a double linking, the 
breaking of the chain occurs at the multiple linking. 

When certain acetylene derivatives, e.g. XCs^C'CHg, are heated with 
sodium, the triple bond changes its position, the products being sodium 
derivatives of isomeric hydrocarbons, X-CHg-C : CH (these give metallic 
acetylides, but the original compounds do not) ; when these are heated with 
alcoholic potash, the reverse change occurs. 

ACETYLENE, (Ethine), HC i CH. Without having isolated or 

characterised this compound, Davy obtained it in 1839 in a very impure 
condition, by treating with water the product obtained by heating together 
potassium carbonate and carbon, which should yield potassium. Berthelot 
first obtained it pure (and named it) in 1859, by passing ethylene or alcohol 
or ether vapour through a red-hot tube ; he prepared it also by means of a 
voltaic arc passing between two carbons in an atmosphere of hydrogen. In 
1862, Wohler prepared it by treating calcium carbide (obtained by heating 
carbon with an alloy of zinc and calcium) with water. 

It is formed in the incomplete combustion of various hydrocarbons and 
of illuminating gas {e,g. in the flame of a bunsen burner alight at the bottom). 

But the industrial preparation of acetylene has assumed great and unfore- 
seen practical importance since 1870, when it became possible to prepare 
calcium carbide on an enormous industrial scale by means of the electric furnace 
{see Calcium Carbide Industry, vol. i, p. 504) : 

! : >Ca + 2 H 2 O = Ca(OH )2 + HC i CH. 

c/ 

Acetylene is a colourless gas, sp. gr. 0-92 (1 litre weighs 1*165 grm.) with 
a pleasant odour when pure and a disagreeable one when impure (as usually 
obtained). At + 1° under a pressure of 48 atmos. it forms a highly refractive, 
mobile, colourless liquid, sp. gr, 0*451, and, on evaporating rapidly, partially 
solidifies in the form of snow, m.pt. —81°. 

One volume of acetylene gas dissolves in 1*1 vol. of water, or in ^ vol. of 
alcohol or in 20 vols. of saturated salt solution ; 1 litre of acetone dissolves 

24 litr^ of acetylene, or 300 litres at 12 atmos., or about 2000 litres at -”80°, 
its volume being then increased fourfold. Permanganate oxidises it giving 
oxalic acid, and chromic acid acetic acid. 

It is an endothermic compound, requiring for its formation from its elements, 
61,000 cals. ; it is hence very unstable and is readily decomposed by the 
detonation of a mercury fulminate cap or by an electric discharge, developing 
as much heat as an equal volume of hydrogen on conversion into water. The 
explosion takes place much more readily and is much more dangerous with 
the compressed gas and still more so with the liquid. 

Acetylene decomposes at 780° and, when mixed with air, ignites at 480°. 
One cubic metre (1*165 kilo) of acetylene, in burning, develops 14,350 Cals. 
(12,300 Cals, per Mo), whilst ordinary coal-gas gives about 5000 Cals. 

When mixed with air or, better, with oxygen it forms a detonating mixture 
which explodes with great energy in contact with an ignited body. The 
explosion is violent even with 1 vol, of acetylene and 40 vols. of air ; it reaches 
its maximum violence with 1 vol. of the gas and 12 vols. of air (2*5 vols. of 
oxygen), whilst scarcely any explosion but mere burning takes place with 
i vol. of acetylene and 1*3 vol. of air (as has been already stated on p. 33, 
ordinary iUummating gas only explodes when at least 1 vol. is present to 
about 20 vols. of air). 

Ex^sim mvxMres of acetylene are more dangerous than those of coal-gas 
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owing to tlie greater speed of propagation of the explosion {e,g. with 1 vol. of 
acetylene and 40 of air), the explosive force being thns increased {see section 
on Explosives) ; further, acetylene contains less h 3 "drogen and hence forms 
less water, the condensation of the gases resniting from the explosion being 
conseq_uently smaller. The wide limits of the explosive mixtures {from 2*4 
to 130 vols. of acetylene per 100 vols. of air) are explained by the fact that this 
gas, being an endotherniic compound, reacts or decomposes with great facility. 

In contact with copper, bronze, silver, &c., acetylene readily forms explosive 
acetyiides {ste p. 91),^ 

It was at first thought that acetylene, like carbon monoxide, w’as poisonous, 
but e^eriments made during the last few^ years have shown that animals do 
not die in an atmosphere containing 9 per cent, or, in some cases, even 20 per 
cent, of the gas, Whm LJiowever, the acetylene is highly contaminated with 
sulphides and phospHdes, itmayTe^sonous. ^ ’ 

"TV^ith an ordinary gas-jet, acetylene burns with a reddish, smoky flame ; 
but by passing the gas at a pressure of 60 mm, through twn jets nearty meeting 
at an angle, a white, highly luminous, fan-shaped flame is obtained without 
the dark middle portion of the ordinary bat’s-wing coal-gas flame. 

One kilo of chemically pure calcium carbide sbould yield theoretically 349 litres of 
acetylene, and good commercial carbide yields practically 300 litres. The luminosity of 
acetylene in comparison with that of other substances has already been referred to on 
p. 57. A proportion of 2 vols. of air to 3 of acetylene gives the maximum luminosity, 
and at the present time special incandescent mantles are made for use with acetylene. 

The impurities present in ordinary acetylene (98-99 per cent, purity) are : H, NH 3 , 
CO, H 2 S and PH 3 , the last three of which are poisonous. The gas is purified by passing 
it through an ac^ solution of a metallic salt. 

Lunge and Cederkreutz recommend chloride of lime (hypochlorite) for purifying 
acetylene, care being taken that the mass does not heat, as this would be dangerous. 
Latterly it has teen suggested to fix the PH 3 by passing the gas through concentrated 
sulphuric acid (64° Be.) saturated with AsgOg. A good purifying material is made 
by preparing a paste of calcium hypochlorite, CLuicklime, sodium silicate and powdered 
calcium carbide, this remaining porous when allowed to dry in the air. 

T he use of liquid acetylene w ould very convenient, but is BgHy dangerous, since 
a sharp blow ox obESTac^ent might easily produce a terrible explosioiy 

It is sfill too expensive to employ m place of benzene fbf"earburetting coal-gas. 
Dissolved in acetone, which dissolves a large quantity of it (vide supra), it is used to great 
advantage for the oxy-acetylme hlowpipe in place of oxy-hydrogen. With the latter, for 
every cubic metre of oxygen 4 cu. metres of hydrogen are used practically (theoretically 
2 cu, metres), vhilst the same amount of oxygen bums with 600 litres of acetylene 
(theoretically 400 litres), which costs much less than 4 cu. metres of hydrogen. The oxy- 
acetylene flame exhibits at the centre a shining point, which has a temperature of 
2800-3000°, and tx> fuse kon sheets 1 mm. thick requires 50-75 litres of acetylene, while 
in an hour sheets 5 mm. in thickness can be melted. 

With a shght excess of oxygen large tubes are easily cut and steel blocks perforated. 

Acetylene dissolved in acetone, especially if the solution is absorbed by porous material, 
is not at all dangerous and can be transported in iron cylinders. 

The hope of manufacturing synthetic alcohol economically from acetylene has died 
out. Even for motors it is still too dear to use. Acetylene can, however, be used 
conveniently with, a rational plant and relatively small gasometers connected with iron 
tubes which carry the gas direct to the burners (when prepared from pure carbide) ; but 
it is necessary to avoid the use of capper or bronz aiiL.an:y^^ of the gasometers , pipes 

1 The ready formation of metallic aeetylxdes, specially that of copper, led Erdmann (1907) to deyise a rapid 
and exact analytical method for the direct quantitative precipitation of copper from any solution and in presence 
of any metals (except Ag, Hg, Aii, Fd, and Os. which mnst he previously eliminated) ; the feebly alMinesolntioii 
of the copppr ^t is reduced until decolorised with hydroxylaioine hydrochloride, CtHa heing then pa^ed through 
and the pi^ipitsated copiper aeetyMe coEected on a filter, washed with water »d pumped off ; together with 
the filter-paper it ismtrodmced into a porcelain crumble, treated with 10 to 15 c-c- of dilute nitric acid (sp gr. 3--15) 
and eight to ten drop^ of eonoemferated mtric acid gr. 1*6S), dried on a mter-hath, heated rapidly to tedness 
and wealed as CuO. The acetylene used for this prec^itation shohM he washed with lead acetate solution* 
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(^nd. taps, in order to avoid explosions, wiiich. are almost always due to tlie formation of 
copper acetylide.^ 

In testing tlie purity of acetylene the only quantitative determination usually made 
is that of the hydrogen phosphide, which should not occur in greater proportion than 
1 grni. per cubic metre, since, besides bemg poisonous and having an unpleasant smell, it 
facilitates the formation of explosive metallic acetylides. (The estimation of the impurities 
in carbide is described in voL i, p. 505. ) 

in. HYDROCARBONS OF THE SERIES and 

DIACETYLENE, C4H2 (Butandiine), CH i C C ; CH, is a gas and forms the usual 
metallic acetylides. 

DIPROP ARGYL, CgHe (Hexan-1 : 5-diine), CH I C-CHo-CHs-C 5 CH, is isomeric 
with benzene, boils at 85°, and can take up 8 atoms of bromine. Jt is obtained from 
diallyl and readily forms metallic acetylides. 

HEXAN-3 ; 4-DIINE, CH3 ‘C . C-C : C CHg, is also isomeric with benzene. 


BB. HALOGEN DERIVATIVES OF THE HYDROCARBONS 

The Table on page 95 summarises the physical properties of the more 
important halogen derivatives of the hydrocarbons, the first column giving 
the hydrocarbon residue (alkyl) united with the halogen. 


L HALOGEN DERIVATIVES OF SATURATED HYDROCARBONS 

PROPERTIES. Very few are gases, several are liquids and, those which 
contain many atoms in the molecule are solids. The iodo-compounds 
hoil at higher temperatures than the corresponding bromo- and chloro- 
compounds. They are very slightly, if at all, soluble in water, but are readily 
soluble in alcohol, ether, and glacial acetic acid. 

Most of them bum easily, and ethyl and methyl chlorides colour the edges 
of the flame green. Some of them, containing few carbon atoms, produce 
ancesthesia, e.g. CHCI3, CHgClg, CgHgClg, CgH^Br, CgHgCl. 

Generally they do not react with silver nitrate, since these compounds, 
in solution, are not dissociated and do not give free halogen ions (see vol. 1 , 
p. 91 seq.). In alcoholic solution, ethyl iodide gives a little precipitate in 
the cold, and ethyl bromide in the hot, whilst the chloride gives no precipitate 
at all, with silver nitrate. 

The bromo- and iodo-compounds exhibit great reactivity and effect the 
most varied and interesting reactions and syntheses ; methyl iodide reacts 
the most readily of aU, since the reactivity diminishes with increase of mole- 
cular weight. 

The halogens of these compounds can easily he replaced by H (by sodium- 
amalgam, or zinc dust and hydrochloric or acetic acid). 

These derivatives can, to some extent, be transformed one into the other, 
e.g. the chlorides into iodides by treatment with KI or Caig, and the iodides 
into the fluorides (more volatile than the chlorides) by means of silver fluoride. 


1 The nnmerons types of apparatus for generating acetylene may foe divided into three groups : 

(1) rhose where the carbide and water are in separate vessds communicating by a tube furnished with a tap 
which automatically o^s more or less and so diminishes or increases the supply of the gas. To prevent the 
carbide, or mther the lime formed, from holding water and generating gas even after the tap is closed, the carbide 
m impr^t^ wiito an indifferent subst^ce, e.y. paraffin, stearin, oil. sugar (to dissolve the lime as calcium 
saccharate), One inconvenience of this procedure is that at some places the carbide, in presence of little water 

produce an explosion, which is dangerous if the gas is under pressure 
^ (2>, Tbo« wh^e the carbide is suspended at a certain part of the vessel containing the water ; acetylene is 
mm geuetated whm the level of the water rises to the carbide and ceases automatically when it falls 
^ separated, a small quantity of carbide being dropped into excess of 
rakonal method, hut is perhaps not the most convenient owing to the difficulty of 
powdermis iihe carbide (often very hard) without allowing it to absorb moisturO. ^ ^ 
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Names of the Alkyls 
and Isomeridcs 

Chlorides 

Bromides 


Aikyi 








B.-pt 

Sp, gr. 

B -pt. 

Sp. gr. 

B.-pt. 

Sp. gr. 


(a) SATUEATED 








DEEIVATIVES 








'(1) Monosudstitided 







CH 3 

Methyl 

- 23 7“ 

0-952 (0®) 

+ 4-5“ 

1-732 (0“) 

-f 45® 

2-293 (18®) 

C 2 H 5 

Ethyl 

-f- 12 2 “ 

0 918 ( 0 °) 

38-4“ 

1-468 (13®) 

+ 72-3^ 

1-944 (14“) 

C 3 H 7 

n -Propyl 

-1- 46 5“ 

0 912 (0“) 

71® 

1 383 (0“) 

102 5® 

1-786 (0®)’ 

OA 

Isopropyl 

36 5“ 

0 882 ( 0 ®) 

60® 

1-340® (0®) 

89° 

1-744 (0“) 
1-643 (0®) 

n-Butyl (primary) 

78“ 

0 907 (0®) 

101 ® 

1 305 (0®) 

130“ 


Isohutyl 

see.-Butyl 

68*5“ 

0 895 (0®) 

92“ 

1-204 (16“) 

119“ 

1-640 (0°) 


' — ■ 

— 

— 

— 

119-120“ 

1-626 ( 0 ®) 

CsHu 

tert.-Butyl 

55“ 

0-866 ( 0 ®) 

72“ 

1 215 (20“) 

100 “ 

1 571 (0®) 

n-Amyl (primary) 

107“ 

0 901 (0®) 

129“ 

1-246 (0“) 

156® 

1 543 (0®) 
1-468 (0®) 


Isoamyl, (CHala CH- 
CH, CHa-X 

101 “ 

0 893 (0“) 

121 “ 

1 236 (0“) 

148® 


tertiary-Butylmethyl 

__ 

0 879 (0®) 



1-225 (0“) 


1-050V (0®) 


(CH3)80 CHa-X 





OoHia 

active- Amyl 
(CH 8 )( 02 H 6 )CH-GHa.X 

97 99“ 

0-886 (15“) 

118-120® 

1-221 ( 20 “) 

148® 

1-524 (20“) 

n-Hexyl (primary) 

134“ 

0 892 (16®) 

156“ 

1-193 (0®) 

182® 

1 461 (0®) 


n-Hexyl (secondary) 

— 

— 

144“ 

168® 

1-453 (0®) 

n-Heptyl (primary) 

159“ 

0 881 (16®) 

179“ 

1-113 (16®) 

201 ® 

1-386 lm°) 

Osl±ii 

n-Octyl (primary) 

180“ 

0 880 (16®) 

199“ 

1-116 (16®) 

221 ® 

1-345 d 6 “) 


(2) DisubsMuted 







>CB, 

Methylene, CHaXj 

42“ 



97“ 


180® 


-CHii-CHa— 

Ethylene 

84“ 



131“ 





CH 3 CH 2 < 

Ethylidene (or ethydene) 

57“ 

— 

108“ 

— 






(3) TnsttistUKted 








CHX* (chloroform, 

61“ 

— 

151“ 

— 

solid 



bromoform, iodoform) 1 





m pt.119® 



CHj CCl, methyl chloro- 

74“ 

— 

188® 





form (a-trichloroethane) 
CHaCl-CHClaO-tn- 

114“ 


220 “ 





chloroethane) 

CHaX CHX-CHaX (tri- 

168“ 







chlorohydrin, tri- 

bromohydrm) 








(4) FolysubstitifM 








0 X 4 (carbon tetra- 

77“ 







solid 



cliloride, iodide) 







CjCJlg percidoroethane 

solid 

m.pt. 187® 

— 

— 

— 

— 

— 


(b) TJNSATUBATED 







DEEIVATIVES 








( 1 ) JEthylenic senes 







CHatCH-X 

Vinyl chloride, &c. 

- 18® 



23® 



56® 


CaHs-X 

Allyl 

46® 

— 

70® 



101 ® 



CaHj : Xa 

Dichloroethylene 

55® 

— 

— 





CaH • X, 

Trichloroethylene 

88 “ 

— 







. 

Ca. X* 

Tetrachloroethylene 

121 ® 

! _ 

— 


-- 

_ 


(2) Acetylene senes 







HO . CX 

Monochloro- and mono- 

gas 



gas 





bromo-acetylene 







METHODS OF PREPARATION, (a) By the action of halogens on 
saturated hydrocarbons : chlorine and bromine react directly at the ordinary 
temperature on the gaseous hydrocarbons, and on heating with the liquid ones. 

The first halogen atom is fixed more readily than the succeeding ones, 
and the addition of iodine facilitates the reaction with bromine and chlorine, 
since the iodine forms, for example, IGI3, which readily giv^ nascent chloiine, 
ICI3 = ICl + CI2 {i.e. it acts like SbCIg, which yields SbGIg + Qg). By 
saturating with chlorine and heating under pressure energetic chlorinations 
may be effected. 

Methane, ethane, propane, &c., exchange their hydrogen atoms one by 
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one for chlorine atoms, the completely substituted compounds (CaOle, CjClg, &c., 
and especially the higher ones), on further energetic chlorination, being resolved 
into other completely chlorinated compounds contaimi^ less numbers of 
carbon atoms : CaCl^ + 01^ = 2001^ ; CgClg + Cl^ = CaClg + CC1„ a httlo 
hexachlorobenzene, &c., being always formed as well. ^ 

Iodine scarcely ever acts directly on the hydrocarbons, since the HI 
formed acts in the opposite sense on the iodo-products. ^ The reaction proceeds 
only in presence of iodic acid or mercuric oxide, which fixes the hydriodic 

acid as it is formed. ^ ^ i • a- 

The iodo-compounds are easily obtained from zinc -alkyls and iodine. 

When the halogens act directly, the more energetic (F or Cl) replaces the 
weaker (Br or I). The iodo-compounds may, however, be easily obtained by 
preparing fiirst the magnesium compounds of the alkyl chlorides or bromides 
and treating these vith iodine : 

Alkyl— Mg—Gl + I2 = Alkyl— I + MgICL 


(d) TJ TisatuTCited hydroccbThons^ with the halogen hydracids, give saturated 
monosubstituted derivatives : C2H4 -h HBr =: C2H5Br, ethyl bromide, &g. ; 
if the halogens act directly, disubstituted saturated products are obtained ; 
C2H4 + Cla = GJEL^Gl^, ethylene dichloride. 

Propylene, CH-^CHrCHg, reacts with HI giving isopropyl iodide, 
CHg'CHI^CHs, which is decomposed by alcoholic potash, yielding propylene ; 
but normal propyl iodide, CH3 • CH^ * CH^I, which also yields propylene when 
HI is removed from it, can thus be converted, into isopropyl iodide. 

Similar behaviour is exhibited by the butyl iodides. 

The halogen always goes to the carbon atom united with the lesser number Of 
hydrogen atoms : CH^-CH : CH2 + HI = CHs-CHI-CHs. 

(c) The alcohols with the halogen hydracids give : 

CA»+iOH + but the reverse action also pro- 

ceeds and to limit this, excess of the halogen hydracid is used and the water 
formed is fixed, e.g. by addition of zinc chloride. 

Further, the chlorine of the phosphorus chlorides also replaces hydroxyl : 
PCI3 + 3C2H5OH = P(0H)3 + SC^H^a, or, better, PCI5 + C^H^OH = 
PO&3 + HCl + C2H5CL This reaction is of importance for the preparation 
of the bromo- and iodo-compounds : SGHg-OH + P + 31 = SCH^I + H3PO3; 
the bromine or iodine first acts on the phosphorus to form PBr^ or PI3, this 
then reacting with the alcohoL 

The polyhydric alcohols act in the same way ; for example, glycerol, 
C3H5(0H)3 reacts with PCI5 giving trichlorohydrin, CHgCl-CHCl -011201. 

The resulting halogenated products are easily separated by distillation, 
as the phosphoric acid does not distil. In these, as in most other chemical 
reactions, secondary products are always formed ; these are often very com- 
plex and form viscous resins of unknown composition. 

(d) The aldehydes and ketones yield disubstituted products : for example, 
ethylidene chloride, CH3-CHG2, is obtained from acetaldehyde, CHg-CHO, 
and dicMoropropane, CH3-CGl2*CH3, from acetone, CHs-CO-OHg, by the 
action of PCI5. 

METHYL CHLORIDE (Chloromethane), CH3CI. This is prepared by 
passing hydrogen chloride into boiling methyl alcohol containing half its 
weight of zinc chloride in solution, or by heating 1 part of methyl alcohol 
with 3 parts of concentrated sulphuric acid and 2 parts of concentrated hydro- 
chloric acid. Industrially it can be obtaiiaed by heating methyl alcohol and 
crude, concentrated hydrochloric acid together in an autoclave. 

It fe also obtained to-day in appreciable quantity, by the old Vincent 
proceed, j&rom the final residues of the beet-sugar industry, which are evaporated 
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and then cliy-diatilied. In this way an abundant quantity of triinethylaiinno 
is formed ; this is neutralised with HCl, and the hydrochloride distilled at 
300°. A regular evolution of methyl chloride and trimethvlamine is thus 
obtained ; 3 N(CH 3 ) 3 HC 1 = 2 CH 3 CI + 2 N(CH 3)3 + CHg-NHg-HCl. 

Triinethjlarmne hydro- Tniaetliyl- Methylamiiie hydro- 
chloride amine clilonde (lesidue) 

The chloromethane, distilled as a gas, is purified vdth HCl, dried with 
CaCl 2 , and liquefied in steel cylinders under pressure, just as is done with 
carbon dioxide (voL i, p. 382). 

It is a colourless gas of ethereal odour, and at — 23*7° becomes liquid, 
then having a sp. gr. 0*952 {at 0°). Water dissolves one-fourth of its volume, 
and alcohol rather more. It burns with a gi*een-edged flame. 

In the liquefied condition it is used as a local anaesthetic ; it is used also 
to extract perfumes from flowers, and in considerable quantities for the 
manufacture of dyestufis (methyl green), especially for methylation ; but 
the greatest amount is employed in cooling machines. In France there are 
about 100 ice-machines w^hich use methyl chloride instead of liquefied NH 3 , 
CO 2 , or SOg. In brass cyhnders containing from 1 to 30 kilos it is sold at 
II 5 . to 145. 6cZ. per kilo, in addition to the cost of the cylinder, which is 
2 O 5 . for the 1-kilo, 25s, %d. for the 3-kilo, and £3 16s. for the 30-kilo size. 

METHYL IODIDE, CH3I, is prepared from methyl alcohol, phosphorus, and iodine 
as described later for ethyl iodide. It is a liquid of sp. gr. 2*293, boiling at 45*^ ; with 
excess of water at 100° it is decomposed into hydrogen iodide and methyl alcohol. 

ETHYL CHLORIDE (Chloroethane), C2H5CI, was termed bj* Basil Valentme “ Spiritus 
sails et vini,” or spirit of sweet wine. It is obtained from ethane and chlorine, or by passing 
hydrogen chloride mto a solution of zinc chloride and ethyl alcohol. It is also formed as 
a secondary product in the manufacture of chloral. It boils at 4-12*2° and bums with a 
flame having green edges. It is a local ansesthetic and is soluble in alcohol, but only slightly 
so in water. It costs from I5. Id, to 4s. per kilo in metal cylinders containing 1 to 30 kilos. 

ETHYL IODIDE, C2H5I, is prepared by digesting 10 grms. of red phosphorus with 80 
grms. of absolute alcohol for 12 hours and gradually adding 100 grms. of iodine ; the mix- 
ture is then heated for 2 houxs under a reflux condenser and the ethyl iodide distilled on 
the water-bath, washed with dilute alkali and wdth water, and dried by means of calcium 
chloride. According to Ger,. Pat. 175,209, ethyl iodide is obtained quantitatively if 
diethyl sulphate is slowly added to the calculated amount of hot potassium iodide solution. 
It boils at 72*3° and has the sp. gr. 1*944 (at 14°) ; it is highly refractive and dissolves in 
alcohol or ether. It decomposes when heated with water at 100°. Chlorine converts it 
into ethyl chloride and bromine into ethyl bromide. In the light it slowly decomposes 
with separation of iodine, which colours the liquid brown, but it remains colourless in 
presence of a drop of mercury. It is used as an inhalation for the treatment of asthma. 
It costs about 285. to 325. per kilo. 

ETHYL FLUORIDE, C2H5F, is liquid at -48°, burns with a blue flame, and does not 
attack glass. 

From PROPANE two series of isomeric compounds are derived : (IH3 • CH2 • CH2X, 
prepared from normal propyl alcohol, and CH2*CHX-CH3, derived from isopropyl alcohol, 
and hence from acetone. 

ISOPROPYL IODIDE (Iodo-2-propane), CHg-CHI-CHa, is obtained from glycerol, 
phosphorus and iodine, small amounts of aUyl iodide and propylene being also formed. 

The butyl compounds occur in four isomeric modifications : 

NORMAL BUTYL IODIDE (lodo-i-butane), CH3.CH2.CH2.CH2I. 

SECONDARY BUTYL IODIDE (Iodo-2-butane), CH3.CH2.CHI-CH3. 

CH 

ISOBUTYL IODIDE (Methyl-3-iodo-3-prbpane), j^g.*>C!H-CHI. 

CH 

TERTIARY BUTYL IODIDE (Methyl-2-iodo-2-propane), ^jj®>CI.0H3. 

The constitutions of the four isomendes are deduced from those of the corresponding 
butyl alcohols from which they are obtained by the action of hydriodic acid. 

Qf the AMYL derivatives eight isomerides are known. 

'■ , ' ■ Ti '' ' , . ^ 7 
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METHYLENE CHLORIDE (Dichloromethane), CH2C!l2> iromide and todtde (see 


EThSnE compounds, CHaX-CHaX, are formed from ethylene by the addition 
of halogens or from glycol, C2H4(OH)2 and halogen hydracids. , 

ETHYLIDENE (L Ethydene)COMPOUNDS, CH3 • CHXg, are obtained by substituting 

the oxvgen of the aldehydes by halogens. r« r^■^ n^ , r> * -u t u -i 

ETHYLENE CHLORIDE (Dichloro-i : 2-ethane), CH2C1-CH2C1 (Dutch hquid), boils 
at 84 °. The IODIDE, BROMIDE, and CHLORIDE with alcoholic potash give acetylene 

^^'fTHYLIDENE CHLORIDE (Ethydene chloride or Dichloro-i : r-ethane), 
CH3-CHCa2, IS obtained from aldehyde and phosgene: GHj^CHO + COCI2 = CO2 + 
CH3 •CHCI2, chloral (which see) being also formed ; it boils at 57 °. 


CHLOROFORM (Trichloromethane), CHCI3. Chloroform was discovered 
by Liebig and Souberain and its constitution shown by Liebig in 1835. 

It is prepared from (1) ethyl alcohol or (2) acetone, by heating with chloride 
of hme and water: (1) 4G3H5OH -f- 16CaOCla = SHaCaOiCa (calcium 
formate) -f ISCaCla + 8HaO + 2CHCI3 ; m this reaction there is always an 
appreciable evolution of CO^, which appears to originate m the oxidation 
of the alcohol, and liberates HCIO and so forms aldehyde and hence chloral, 
this, in presence of hme, yielding chloroform : 3C2H5OH -j- 8Ca(OCl)2 = 
2CHCI3 -f SCaCOa + COg + SHgO + SCaCIa. 

(2) BCHa-CO-CHg + 3Ca(OCl)2 = 2CH3-CO-CC13 (trrcMoro-acetone) 
-}-3Ca{OH)3; 2CH3-CO-C013 H- Ca(0H)2 = Ca(C2H802)2 (calcium acetate) 
+ 2CHa3. 

In a very pure form for pharmaceutical use it is obtained by treating 
chloral with aqueous caustic soda solution, sodium formate being also formed : 


H 

d- NaOH = CHCI3 d- H-COaNa. 

0 

Chloroform can also be obtained industrially by reducing carbon tetra- 
chloride with hydrogen in the hot : CCI4 d- Hg = HCl -f CHCI3 ; the hydrogen 
necessary to treat 75 kilos of OCI4 is given by 60 kilos of HCl at 22° Baumd 
and 50 kilos of zinc. 

To obtain very pure chloroform from the impure product, Anschutz treats 
the latter with salicylic anhydride, C6H4CO2, which forms a crystalline mass 
only with chloroform, (CgH4C02)4, 2CHCI3 ; this, after separation from the 
mother-liquor, is heated on the water-bath, when pure chloroform distils off. 

It is a colourless hquid with a sweet ethereal smell and taste ; it dissolves 
only to a slight extent in water (0-7 per cent.), but is soluble in alcohol or 
ether. It boils at 61-2°, and its vapour pressure at 20° is 160 mm. of mercury ; 
its specific gravity is 1-6263 at 0° and 1-500 at 15°, referred to water at 4°. 

It is non-inflammable, and it dissolves resins, rubber, fats, and iodine, 
with the last of which it gives violet solutions. 

Exposed to light and air, it decomposes partially into Cl, HCl, and COCI2, 
but it can be kept in yellow bottles, while that for pharmaceutical use keeps 
better if 1 per cent, of absolute alcohol is added. 

It is the most efScacious ancesfhetic (Simpson, 1848), but in some cases 
may cause death if not used with great care, since it acts on the heart ; to 
dimmish this effeqt, it is mixed with atropine or morphine.^ 



* Jrom coai-fcar produces vtoaRs mmsShe^ or J^notics are produced synthetically, and these have been 
of great service to medicine, especiaSy to surgery,, rendering possible the execution of the most complicated opera- 
tionE without any pam to the patient. At first substances were used which produced general anmtheeia of the 
oiganism* but they were accompanied by many mconvemences,^' sbmetimes by fatai results. 

Indeed, the an»sthetic is transported by the blood into contact with the higher nervous centres by which 
is felt,, producing poisoning and paralysis of them often lasting for some time ; at the same time an influence 
by tim centres controlling the action of the heart and of respiratiop, this being the cause of the danger and 
msTOltece pp>duced by gaxeral anaesthesia. The nerve-curremts start horn the periphery, from the points where 
the Is to b^n, md are transmitted to the brain, which transforms them into painful sensations, 



MANUFACTURE OF CHLOROFORM 


In America, chloroform is used to render pigs insensible so as to kill them 
painlessly and to skin them more easily. Also, in fattening them, they are 
subjected to periodic inhalations of chloroform, which renders them more 
restful. 

Chromic acid transforms chloroform into fhosgene (00012)3 whilst potassium 
amalgam gives acetylene. With potassium hydroxide, it gives potassium 
formate and chloride : 

CHCI3 + 4K0H = 3KC1 + H-COgK + 2H2O. 

With ammonia at a red heat, it gives hydrocyanic and hydrochloric acids : 

CHOI3 + NH3 - HON + 3HCL 

Pictet Chloroform is pure chloroform obtained from the commercial 
product by freezing it at — 80 '^ to — 120 ° ; the impurities remain in the 
liquid, the crystals giving pure chloro- 
form. 

INDUSTRIAL PREPARATION. A 

considerable amount of chloroform is pre- 
pared even to-day from chloride of lime 
and alcohol, but the latter should not 
contain fusel oil. The reaction takes place 
in a double -bottomed iron boiler, A (Pig. 

102), which contains a mechanical stirrer, 
if, and into which the chloride of hme, 
water, and alcohol are introduced through, 
a large aperture, P’, at the top. The heat- 
ing is effected by a steam-coil, P^?, and 
cold water can be circulated through the 
jacketed bottom, when necessary, by 
means of another pipe not shown in the 
figure. To produce 100 kilos of chloro- 
form 100 kilos of alcohol and 1300 kilos Pig. 102. 

of chloride of lime (with 36 per cent. Q) 

are actually used ; but in practice a large excess of alcohol — about ten times that really 
required by the reaction— is employed, but the excess is used up, since it is added all at 
once and the process then continued by gradually replacmg the quantity that reacts. 

An apparatus for producing 125 kilos of chloroform daily — with four charges of the 
apparatus in 24 hours— is charged first of all with 300 kfios of alcohol (96 per cent.) and 
1300 litres of water, 400 kilos of chloride of lime being then added, in small quantities and 
with constant stirring ; the aperture P is then covered and the temperature raised to 
40^ by steam-heating. The steam is then shut off and the stirring continued until the 
temperature rises spontaneously to 60° (if this is exceeded, cold water is passed through 
the jacket). The mixing is then stopped and the chloroform, mixed with a little alcohol, 
begins to distil. The vapours are cooled and condensed in a coil, Z, placed in the tank, A, 
through which cold water circulates from F to ms. The mixed chloroform and alcohol 
is collected in a reservoir, L, with a graduated standpipe. When about 30 kilos of 
chloroform have distilled over, the stirrer is started again, and a little of the distillate 



and it is by mfluencmg the cerebral centres by anaesthetics that pain is avoided ; but anseathcsm 
dangerous if the peripheral nervous centres at the beginning of the nerve-currents are paialys^ without the ^tter 
reaching the brain. Thus local anaesthesia is much more rational and less dangerous, since the insensibility extends 
only to one organ or one region of the subject of the operation. 

So that, to efUoroformt was added, in 1885, cocaine, which paralyses onlrthe sensiiave p^ph^ 

nerves without influencing the motor nerves. By studying anaesthetic and 

able to determine what specific atomic groups produced anaesthetic properties in a molecule, with m^F 

of these substances, it was found to be the hydroxyl group which 

carbou joined at the same time to several alkyl groups ; replacement of the hydroxyl ^ “ 

the disappearance of the anaesthetic properties. Also various ammo-acid gioups. 
tions, give rise to anaesthetics. To enumerate all ttie members of the vast group of anaesthetics wtoch 
has placed at the disposal of surgery would be out of place here, but the following few examples ^y be * 

^-mmw^orthaform, aliptne, holocmm, and, on the other hand, siaphomd, ino^ 
mmal, &c. Other properties of ansestbetics are descrilbed in Part lU, in the section on alkaloids. 
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collected from time to time from the tdp, ij, at the bottom of the condensing coil ; when 
the addition of water to this no longer causes separation of chloroform at the bottom of 
the liquid, the remainder of the distillate obtained — finally the contents of the boiler 
are again heated wnth steam — is collected at y, communication with the reservoir, L, 
being'' shut of and the tap, 0, closed. More or less dilute alcohol now distils over 
and the distillation is stopped when the distillate contains loss than 2 to 2| per cent, of 
. alcohol. 

The total amount of alcohol (usually 260-265 kilos) in the alcoholic distillate (500-600 
litres) IS determmed, and sufficient pure alcohol added to brmg the total quantity up to 
300 kilos ; this dilute solution serves for the next operation, allowance being made for 
the water it contams. In this way the loss of alcohol is small. 

The crude chloroform is washed and agitated with water (30 litres per 100 kilos) to 
remove the alcohol present, or, better, with lime-water or a weak soda solution, which 
removes also the small quantity of HG that always forms. Finally, the liquid is agitated 
with concentrated sulphuric acid, thoroughly rewashed with w^ater, dried over CaCl2 and 
redistilled, the chloroform, passing over at 62-63°, being collected. Instead of alcohol, 
acetone is used by some manufacturers when it can be bought cheaply, and in that 
case 100 kilos of acetone yields up to 170 kilos of chloroform. According to Ger. Pat. 
129,237, a good yield and continuous formation of cliloroform are obtained by heating, in 
a vessel divided into a number of cells communicating at the bottom, alcohol (35° Be ) 
which has been previously chlorinated by means of chloride of lime and alkali in the hot. 

Durmg recent years the industrial preparation of chloroform has again been attempted 
by electrolysing an aqueous solution of KCl (20 per cent.) into which alcohol or acetone 
is slowly introduced. In this process 1 h p -hour is consumed to produce 40 grms. of 
chloroform. 

Eriworthy and Lange (Fr. Pat. 354,291, 1905) propose to produce chloroform from 
methane and chlorine diluted with indifferent gases (N, COg) by subjecting the mixture 
to the action of light in suitable retorts : CH^ + 601 = 3HC1 + CHClg. 

TESTS FOR CHLOROFORM. Minute quantities of chloroform can be detected 
by gently heating a little of the liquid with a few drops of anilme and of alcoholic potash 
solution, the characteristic repulsive odour of phenylcarbylamine (phenyl isocyanide) 
being formed. Pure chloroform for medicinal use should not be acid or give a precipitate 
with silver nitrate solution or redden potassium iodide solution ; on evaporation it should 
not leave a residue of water or odorous substances, and it should not darken with 
concentrated sulphuric acid To test for the presence in it of carbon tetrachloride, 20 c.c. 
are treated with a solution of 3 di'ops of amlme in 5 c.c. of benzene ; a turbidity or separa- 
tion of crystals of phenylurea indicates with certainty the presence of the tetrachloride. 
To ascertam if it contams alcohol it is treated with a very dilute potassium permanganate 
solution, which is decolorised in presence of tins impurity. 

Its estimation is effected by treatuig a given W’'eight with Fehlmg’s solution (see under 
Sugar Analysis) and heating the mixture in a dosed bottle on a water-bath for some hours 
(until the odour of chloroform disappears) ; the cuprous oxide, formed according to the 
equation GHClg + 2CuO 4- 5KOH = KgCOg + 3H2O 4- 3KC1 + CU2O, being weighed. One 
molecule of chloroform corresponds with 2 atoms of copper. 

It can also be determined by heating with alcoholic potash in a reflux apparatus on 
the water -bath ; it is then diluted with water, the alcohol distilled off, and the potassium 
chloride formed (together wdth potassium formate, see preceding page) titrated with a 
standard silver nitrate solution. This method serves for the estimation of all alkyUalogen 
compounds^ 

The price of industrial chloroform is about £8 per 100 kilos ; redistilled costs 2^. 10<^. 
per kilo ; the pharmacopceial preparation 2s. 2d. ; puriss. from chloral, 65, 5d. to 9^. Id. ; 
Pictet’s, 12s. per kilo, and that of Anschutz lOd. per 50 grms. Part of the chloroform 
consumed m Italy is imported from abroad ; m 1906 this amounted to 12,200 kilos ; in 
1907, 10,100 ; in 1908, 7000 ,* and in 1909, 9000 kilos of the value £680. * 


IODOFORM (Tri-iodomethane), CHI 3 , was discovered by Serxillas in 1822, 
and its constitution was established by T)umas who, unlike his predecessors, 
did not overlook the very small proportion of hydrogen (0*25 per cent.) 
present. 
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It is formed by heating ethyl alcohol or acetone mth iodine and sufficient 
alkali hj^lroxide or carbonate to decolorise the iodine {Lieben^s reaction ) : 

C2H5OH + 81 + 6KOH = CHI3 + H-OOOK + SKI + SH^O. 

This reaction (separation of yellow crj^stals and formation of a character- 
istic odour) is so sensitive that it serves for the detection of minute traces 
(1 : 2000) of ethyl alcohol or acetone in other liquids (waiting 12 hours 
for the separation of crystals if the amount of alcohol is small) ; the same 
reaction is, how'-ever, given by isopropyl alcohol, acetaldehyde (and by almost 
aU compounds containing the group CHg-CO ), but not by methyl alcohol, 
ether, or acetic acid. 

For the practical preparation of iodoform 32 parts of K2CO3 are dissolved in 80 parts 
of water and 16 parts of alcohol, the mixture being heated to 70° and 32 parts of iodine 
gradually added. The separated iodoform is filtered off and the iodine of the potassium 
iodide in the filtrate utilised as follows : 20 parts of HCl are added and 2-3 parts of 
potassium dichromate, the liquid being then neutralised with K2CO3, mixed with a further 
32 parts of KoCO^, 16 parts of alcohol and 6 parts of iodine. On heating, a second quantity 
of iodoform separates, and after this or another similar operation the mother-liquor is 
treated to recover the iodine from the potassium iodide. 

It has been proposed to prepare iodoform by treating the metallic acetylides (sec 
p. 91 ) with iodme and caustic soda. 

It seems that practical use is now made of the old electrolytic process, using a bath 
of 6 parts KI, 2 parts soda, 8 vols. alcohol, and 40 of water at 60-65°. The iodine to be 
used in the reaction is set free at the anode and to avoid the formation of a little iodate 
with the KOH formed at the cathode the latter is enclosed in parchment paper. 

When pure, iodoform crystallises in hexagonal, yellow plates (sp. gr. 2), 
insoluble in water but soluble in alcohol or ether. It has a penetrating and 
persistent odour, recalling partly that of saffron and partly that of phenol. 
It melts at 119°, readily sublimes, and is volatile in steam. On heating with 
either alcohol or reducing agents, it gives methylene iodide. 

It is used in surgery as an important antiseptic, which, however, acts 
indirectly on bacteria by means of the decomposition products formed from 
it under the action of the pus of wounds or of the heat of the body. 

Owing to its disagreeable odour, it has been to some extent replaced latterly 
by Xeroform, which is a tribromophenoxide of bismuth, Bi202, 

obtained by the action of bismuth chloride on sodium tribromophenoxide and 
forming a tasteless, odourless, yellow powder insoluble in water or alcohol ; 
it is used also as a disinfectant for the intestines, and costs 44^. to 48«. per 
kilo, whilst iodoform costs only 24^. to 2Ss. a kilo. 

TESTS FOR IODOFORM. It should leave no residue on sublimation and should 
dissolve completely in alcohol or ether. It is estimated by heating about 1 grm. with 
about 2 -grms. of silver nitrate and 25 c.c. of concentrated nitric acid (free from chlorine) 
in a reflux apparatus so that the liquid does not boil ; when the nitrous vapours have 
disappeared the liquid is diluted with water to 150 c.c. and heated, the silver iodide being 
collected on a tared filter, dried and weighed : 1*789 grm. Agl corresponds with 1 grm. 
iodoform. 

CARBON TETRACHLORIDE (Tetrachloromethane), Ca^ (see vol. i, p. 378). 

POLYCHLORO-DERIVATIVES OF ETHYLENE AND ETHANE/ Asymm. 
HEPTACHLOROPROPANE was prepared in 1910 by Bdeseken and Prins from tetra- 
chloroethylene and chloroform in presence of aluminium chloride as catalyst. 

1 Since 1908 (te. Pats. 196,324, 204,816, 204,883, &o.>, tUe Oliecmisclie PaMlk GrWito-Mektem of Pmnkfort, 
and the XJsines eiectri<ines de la 3k)n» of Ueneva Ijave plaoed on the ipfisefe, m mltmU for 

indnstirial purposes, six (Alorinated compounds obtained as cnlcmrli^ bT the a^ioh of chlirme on acetylene. 

Xhey are all good solvents for fets, resins, mhheir, said can replace adTOpt^eoasly benzene, carbon di^phide, 
apd alool^ol, since they are not injaamm^ble vapours do np^ f(^ explosive mixtures with air ; ovm 
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II. HALOGENATED DERIVATIVES OF UNSATURATED 
HYDROCARBONS 

These are obtained from saturated halogen derivatives by partial elimination of the 
halogen hydracid : = HBr + QHjBr. They are formed by incomplete satura- 

tion. with halogens or halogen hydracids, of the less saturated hydrocarbons; 

aSa -f HBr = CaHaBr (see Table in footnote). , , , ,, .. . . , 

The aEyl compounds, C3H5X, are formed from allyl alcohol by the action of halogen 

hy<lracid or of phosphorus and halogen. 

ALLYL CHLORIDE (Chloro-3-propene-i}, CHg : CH-CHgCl, the bromide and iodide 
having analogous constitutions. 

They are related to the natural allyl compounds (garlic oil and mustard oil). Two 

stereoisomerides are known : 

H—C— Cl H— C— Cl 

a-ohloropropylenef [I and iso-'a-chloropropylene, [| 

H— C— CH3 CH3— 


CC. ALCOHOLS 

These form an important group of organic compounds containing one or 
more characteristic hydroxyls, the hydrogen of which has pronounced reactive 
properties, so that numerous series of other compounds are derived from the 
alcohols. They have a neutral reaction, although their chemical behaviour 
is analogous to that of the inorganic bases which always contain the anion 
OHC The majority of these alcohols are colourless liquids, but those of 
high molecular weights are oily, solid, and sometimes of a yellowish colour. 
The first members of the series are soluble in water, but with increase of 
molecular weight the solubility decreases and the smell, generally slight, also 
tends to disappear. They are often found in nature either free or combined 
with organic acids, in the fats, waxes, fruits, essential oils, &c. 

According to the number of hydroxyl groups they contain, they are divided 
into mono-, di-, . . . polyhydric alcohols, and may belong either to the satu- 
rated or to the unsaturated series — ^already studied in connection with the 
hydrocarbons — of which they retain the fundamental characters ; added to 
the latter are those characteristic of the alcoholic group, which we shall study 
generally with the monohydric alcohols. 


carbon tetracMoride they have the advantage of not attacking the metal parts of the extraction apparatus, and the 
loss on ecctraebion varies jfrom 0*3 to 0*8 per cent. ; they axe, however, dearer than the ordinary solvents and seem 
to be injurious to health. The properties of these compouiiLds are given in the following Table : 



Diohloeo- 

TRIOBIORO- 

Tbtea- 

Tbtra- 

Renta- 

Hbxa- 


ETHYLENE 

BTHYIiBNE 

CHXOEO- 

BTHTIEITB 

OHLOEO- 

ETHAHE 

OHLOEO- 

ETHANB 

OHLOEO- 

ETHANE 



OaHCr, 


CaH^ca^ 

OaHCl, 

OaOl, 

Common name 

Duline 

Tndine 

Miline 

Tetraline 

Pentalim 

— 

Specific gravity • 

1*278 

1-471 

1*628 

1*600 

1*685 

2 

Boiling-point 

52® 

85® 

llfl® 

144® 

159® 

(186*) 

Vapour pressure at 20® . 

205 mm. 

56 

17 

11 

7 

8 

Specific heat at 18* 

0*270 

0*233 

0*208 

0*227 

0 207 

Heat of evaporation 

41 cals. 

57 8 

60 

52*8 

45 



Pre^fng-point 

— 

-70® 

— 

- 30® 


! 

Uses and properties 

Readily dis- 

Dissolves 

SCTves well 

Dissolves 

Readily dis- 

Has an 


solves rah- 

fats, paraf- 

for remov- 

resms and 

solves cellu- 

odour like 


ber 

fin, and va- 
seline better 
than ben- 

ing spots 

varnishes, 
like turpen- 
tine and al- 

lose acetate 
for artificial 
silk and 

camphor, 
and serves 
as an insec- 

' ; '1 1 j 


% ne 

cohol and dissolves cellUT 
lose acetate for films and 
artificial silk , 

cinemato- 
graph films 

ticide 
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L SATURATED MONOHYDRIC ALCOHOLS 

The specific grayity of these is always lower than that of water and up to 
the Cie member they distil unchanged at the ordinary pressure ; beyond that 
reduced pressure must be employed. 

That alcohols always contain a hydroxyl group OH can be shown by the following 
chemical reactions ; 

The alcohols can be obtained by the action of silver hydroxide, AG ‘OH (which cer- 
tainly contains the group OH), or even of the alkalis or hot water, on halogenated hydro- 
carbons : CnHgn+iI + AgOH = Agl + C^Han+iOH. 

With the halogen hydracids the hydroxyl separates from the alcohols in the form of 
water : CwH2n+iOH -F HBr = H2O -f C^iHg^+iBr ; and the same happens with oxy- 
acids, the so-called esters being formed : C^Hg^+iOH -f HNO3 = HgO + C^Ha^+iNOV 
Just as sodium and potassium react with water, liberating hydrogen, so do they act 
on the alcohols, from which only the typical hydrogen (hydroxylic), not united directly 
to carbon, is eliminated: C^Han+iOH -f- Na = OnH^^+iONa {sodium alkoxide) -f H. 
Magnesium alhoxides are also easily obtained. With phosphorus trichloride, however, 
the hydroxyl group is eliminated : 

3CjiH2^i-j_iOH -f = 30)^H2Ji4-id = P(OH)3. 


On p. 16 the difierence in constitution between ethyl alcohol and methyl ether has 
been demonstrated. 

If the hydroxyl group occurs in place of a hydrogen atom in the methyl group 
( — CH3) at the extremity of the hydrocarbon chain, the primary alcohols are obtained. 


all containing the characteristic group — CHo-OH 





^OH^ 


e,g. propyl alcohol, 


CH3*CH2-CH2-0H, and by oxidation of these alcohols are formed first aldehydes with 

the characteristic group fx — V and then acids with the characteristic carboxyl 
\ \h/ 


group — 00 OH [ i.e — ). Substitution of a hydroxyl for a hydrogen atom in an 


intermediate methylene group ( = CHg) in the saturated hydrocarbon chain yields secondary 
alcohols, 'whiGh.h.BiYG the characteristic group X^OH-OH (i.e, oxidation 


give ketones containing the special group X^CO. Hinally the substitution of the hydrogen 
of a branched hydrocarbon may take place in the methinic group (~CH), giving tertiary 
alcohols with the characteristic grouping =C-OH, the other three valencies of the carbon 
being united to three carbon atoms. When the secondary alcohols are oxidised they 
cannot give either acids or ketones with an equal number of carbon atoms, but, if the 
oxidation is energetic, the chain breaks, and then acids and ketones may be fornnid, bat 
with less numbers of carbon atoms. 


According to B. ISTeave (1909), primary, secondary, and tertiary alcohols 
can be distinguished by the Sabatier and Sender ens reaction (see p. 34), by 
passing the vapours of the alcohol over finely divided copper heated at 300*^ ; 
the primary alcohols form hydrogen and aldehydes (recognisable by ScMff’s 
reaction ; see section on Aldehydes), the secondary ones give hydrogen and 
ketones (detectable by semicarbazide hydrocbloride solution) and the tertiary 
alcohols give water and unsaturated hydrocarbons (which decolorise bromine 
water). 

The primary alcohols and the corresponding ethers have the highest boiling- 
points, the tertiary ones and, in general, those with branched chains showing 
the lowest boiling-points. 

In the group of alcohols the isomerism and the number of isomerides are 
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similar to those of the halogenated derivatives of the hydrocarbons, since the 
halogen atom is here replaced by a hydroxyl group. 

The 'iiaynes of the primary alcohols are made from those of the corresponding hydro- 
carbons {see p. 31) with the termination ol, and those of the secondary and tertiary 
alcohols are derived from the names of the hydrocarbons with the longest non -branched 
chains ; or the secondar}^ and tertiary alcohols may be regarded as derivatives of methyl 
alcohol or carhmol, GHg-OH, formed by substitution of the hydi’ogen atoms of the methyl 
group. We have, hence, two different, but still equally clear, systems of nomenclature. 
For example : 

(1) Xormalhutijl alcohol: CHs-CHa-CHa^CHg-OH = butan-l-ol or n-propylcarbinoL 

2 1 

(2) Secondary hutyl alcohol: CH3-CH2-CH(0H)-CH3 = butan-2-ol or motliyl ethyl - 

carbinol. ^ ^ 


12 3 

(3) Isd)uttjl alcohol . CHs-OH-CHa-OH = 2-metliylpropan-3-ol or isopropylearbiiiol. 

(iss 

1 2 3 

(4) Tertiary hvtijl alcohol : CHg— C— CHg = 2-methylpropan-2-ol or trimethylcarbinol. 

/\ 


CHg OH 

PROCESSES OF FORMATION OF MONOHYDRIC ALCOHOLS. As 

well as from the halogen derivatives, the alcohols can usually he obtained by 
decomposing esters with acids, alkalis, or superheated water. This reaction 
is termed saponification or hydrolysis : 

CaHgO-NO, + KOH = KNO3 + C^Hs-OH. 

In a general way, the primary alcohols are formed by reducing the acids 
(CnHanOa) or aldehydes (CnHonO) with nascent hydrogen : 

.0 

CH3 • CC (acetaldehyde) + 2H = CHg • CH3 • OH. 

Since the acids, in their turn, can he prepared from the alcohols with one 
carbon atom less, we have at our disposal a general reaction for preparing 
synthetically any higher alcohol. 

The secondary adcohols are formed by reducing the ketones, OnHanO, e.g. : 
CH3 • 00 • CH3 + Ha = CH3 • CH(OH) • CH3 

Acetone Isopropyl alcohol 

(see Icder, Aldebydes and Ketones). 

The tertiary alcohols are formed by the prolonged action of zinc methyl 
on acid chlorides, the intermediate compounds thus formed being decomposed 
with water. 

For the smmdary and tertiary alcohols Grignard’s reaction may also be 
employed {see Mer, Alkylmetallic Compounds), 

Of more industrial importance, however, is the preparation of some of the 
more common of these alcohols by the distillation of wood or the fermentation 
of certain carbohydrates (see later). 

In addition to the properties of the alcohols given above, namely, their 
behaviour towards acids, halogens (which oxidise them), chlorides , and oxidising 
agents in general (which give aldehydes and acids), it may be mentioned that 
the higher alcohols (primary) are traerfoOTod into the corresponding acids 
by simple heating with soda lime. Traces of pripaary alcohols are detectable 
by oixidising with permanganate and sulphuric acid and then testing for 
alfieliyde wdth a sulphurous acid solution of fuohsiae. 
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PHYSICAL CONSTANTS OP THE MONOHYDRIC ALCOHOLS 


Name and Formula 

Specific 

gravity 

Melting- 

point 

Boiling- 

point 

1 . Methyl alcohol, CHg-OH 

0*812 ( 0 °) 

-94°, -98° 

66 ° 

2.' Ethyl alcohol, CgHs-OE 

3a. Normal propyl alcohol (prim.) 

0*806 

- 112 ° -117° 

78° 

CHg-CHa OHg-OH 

36. Isopropyl alcohol (sec. ) 

0*817 

-127° 

97° 

CH3-CH(0H)-CH3 

0*789 (20°) 

— 

81° 

4a. Normal butyl alcohol (prim.), C 4 H 9 - 0 H . 

0*810 

1 

00 

0 

0 

1 T 

0 

117° 

46. Normal butyl alcohol (sec.), C 4 H 9 -OH 

0*808 

100 ° 

4c. Isobutyl alcohol, C 4 H 9 OH . 

4c?. Tertiary butyl alcohol (trimethylcarbmol), 

0*806 ( 20 °) 

— 

107° 

C 4 H 9 - 0 H 

5 a. Normal amyl alcohol (prim.) 

0*786 (20°) 

+ 25° 

83° 

CHadCHah-CHa-OH 
56. Amyl alcohol of fermentation or isohutyl- 

0*817 (20°) 

— 

138° 

earbinol, (CH 3 ) 2 CH-CH 2 -CH 2 - 0 H . 

5c. Active amyl alcohol or sec. hutylcarbinol, 

0*810 ( 20 °) 

— 

130° 

CH 3 CH(C 2 H 5 )-C!H 2 - 0 H 
5d. Trimethyl- or tertiary butyl-carbinol, 

0-816 ( 20 °) 

— 

00 

0 

(CH 3 ) 3 aCH 2 -OH 

0*812 ( 20 °) 

49° 

113° 

5e. Diethylcarbmol, C 2 H 5 -CH( 0 H)-C 2 H 5 

5/. Methylpropylcarbinol, 

0*831 (0°) 

— 

117° 

CHs-[CH 2 ] 2 CH(OH).CH 3 
5y. Methylisopropylcarbinol, 

0-824 (0°) 

— 

119° 

(CH 3 ) 2 CH.CH( 0 H)*CH 3 

5h. Bimethylethylcarbinol, ’ 

0*819 (0°) 

— 

112-5'' 

(CH3)2C(0H).C2H5 

0*814 (15°) 

- 12 ° 

102 ° 

6. Normal hexyl alcohol (prim.), C 6 Hi 3 OH . 

0*833 (0°) 

— 

157° 

7. Normal heptyl alcohol (prim.), C 7 Hi 5 *OH 

0-836 

— 

175° 

8 . Normal octyl alcohol (prim.), C 8 H 17 OH . 

0-839 


191° 

9. Normal nonyl alcohol, CgHie'OH 

0*842 

-5° 

213° 

10. Decyl alcohol, CioH 2 i*OH 

0*839 

+7° 

231° 

11. Undecyl „ CiiHss-OH 

— 

+19° 

131°(15mm.) 

12. Dodecyl „ Ci 2 H 26 *OH 

0-831 

24° 

143° „ 

13. Tridecyl „ Ci 3 H 27 *OH 

— 

30*5° 

166° „ 

14. Tetradecyl alcohol, Ci^Egg-OH 

0*824 

38° 

167° „ 

15. Pentadecyl alcohol, CisHsi-OH 

— 

45-46° 

— 

16. Hexadecyl (cetyl) alcohol, CieHss-OH 

0*818 

1 50° 

190° „ 

17. Octodecyl alcohol, Ci8H37-0H . 

0-813 

59° 

211 ° „ 

18. Ceryl „ CseHgs-OH . 

— 

79° 

— 

19. Myxicyl „ OgoHerOH . 

— 

85° 

— 


By the behaviour of the nitro-compounds (prepared from the corre- 
sponding iodides and silver nitrite) and also by the initial velocity and degree 
of esterification, primary alcohols can be differentiated from the secondary 
and tertiary ones. 

Various primary normal alcohols enter inorganic compounds as alcohol of 
crystallisation, e.g. BaO, 20H3-0H; CaCl 2 , 4CHg-OH; £0B[, 2 C 2 Hg'OH; 
MgGl 2 , eCgHs'OH ; CaOla, 402H5-0H, &c. ; it is hence evident why calcium 
cUoride cannot be used for drying alcohol, although it serves well in the case 
of ether. 
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METHYL ALCOHOL, CH^-OH (Methanol or Carbinol) 

This is called wood-spirit, since it was obtained by Boyle in 1661 from 
wood-tar, and is to-day prepared in large quantities by distilling wood. Its 
chemical composition was not determined until 1834 (by Dumas and Peligot). 

In nature it occurs in the form of its salicylic ester, in Gaultheria pro- 
cumbens (in Canada) and as butyric ester in the bitter seeds of Heracl&um 
giganteum. 

PROPERTIES, When pure it is a colourless liquid, b.pt. 66°, with a 
faint alcoholic smell ; it bums with a non-luminous flame, solidifies at very 
low temperatures and melts at —94°. When 1 kilo is burned, 5310 cals, 
are developed. It dissolves in all proportions in water, alcohol, ether, or 
chloroform. Its specific gravity at 15° is 0*7984, and in aqueous solutions 
the amount of the alcohol present can be determined from the specific gravities.^ 

Like spirits of wine (ethyl alcohol) it is intoxicating, dissolves fats, oils, &c., 
and when it is anhydrous it dissolves also calcined copper sulphate forming 
a bluish green solution. 

It is more poisonous to the human organism than ethyl alcohol, since it 
produces fatty degeneration of the liver and undergoes changes quite different 
from those of ethyl alcohol, passing only in minimal quantities into the urine 
,and being mostly oxidised in the organism. 

When heated with soda lime or with oxidising agents it readily yields 
formaldehyde and formic acid, and sometimes carbon dioxide ; [when distilled 
with zinc dust it gives CO and H. With potassium it forms a crystalline 
alcoholate, CSg-OK, CHg-OH. 

INDUSTRIAL PREPARATION. In the laboratory methyl alcohol can be prepared 
by saponifying methyl chloride or iodide. Industrially, if wood is heated in retorts out 
of contact with air, after all the water has distilled over, gradual decomposition commences 
at 150*^, and between 150° and 280° acetic acid (about 5 per cent, of the weight of wood), 
acetone (0-1 to 0*2 per cent.), methyl alcohol (0*5 to 0*8 per cent.), certain ammonia bases, &c., 
distil over in the form of a reddish brown aqueous liquid of empyreumatic odour, termed 
wood-spirit, and containing about 10 per cent, of acetic acid, 1 to 2 per cent, of methyl 
alcohol and 0*1 to 0*5 percent, of acetone. Between 300° and 400° the distillate is mainly 
black, oily, dense wood-tar (about 10 per cent, of the wood), and at the same time gares 
(about 6*5 per cent.) are developed which are utilised for heating the retorts. At the 
end of the distillation, charcoal {&hout 18 per cent.) remains in the retorts. If the distilla- 
tion is rapid, a greater yield of charcoal is obtained, whilst with slow heating more 
volatile and liquid products are obtained and only 9 to 10 per cent, of charcoal. 

As the principal product of the distillation of wood is acetic acid, the dcf cription of 
the apparatus employed in this industry will be left until later. 
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To separate the methyl alcohol from the liquid products of the distillation these are 
subjected to fractional distillation in copper boilers Ttdth a Pistorius rectifier {see Ethyl 
Alcohol), and when the specific gravity of the distillate has increased from 0-9 to 1 all 
the methyl alcohol {crude wood-spirit) has passed over and forms a greenish yellow liquid 
with a disagreeable odour. To eliminate the majority of the impurities the liquid is 
mixed with about 2 per cent, of lime, left overnight, and then distilled with the Pistorius 
rectifying apparatus, the acetic acid remaining fixed by the lime. 

The crude methyl alcohol thus obtained has a specific gravity of about 0*816 (93 per 
cent. ) and is colourless, but it turns brown on standing in the air and becomes turbid on 
mixing with water. To purify it, it is diluted with water to the sp. gr. 0*935 (about 
40 per cent.), left for several days, and after the superficial tarry layer which collects has 
been removed it is treated with 2 per cent, of lime and distilled almost completely. The 
distilled product is mixed with 0*1 to 0*2 per cent, of sulphuric acid and rectified, the 
concentrated alcohol distilling at 64° to 66°, being collected separately ; this is used for many 
industrial purposes, although it contains a small proportion of acetone. The latter can 
be removed almost completely by transforming the alcohol into an ester (e.g. the oxalate, 
by treatment with concentrated sulphuric acid and potassium dioxalate), which is easily 
separated from the impurities ; by hydrolysing the ester with KOH, distilling and rectify- 
ing, pure methyl alcohol is obtained. The acetone can also be got rid of by combining 
the alcohol with Cadg, giving the compound CaC!l 2 > 4CH3-OH, which is stable at 100®, 
so that the acetone can be distilled ofi at 56° together with the other impurities ; the 
residue is then decomposed with water and the pure methyl alcohol distilled. 

To ascertain if the alcohol still contains acetone, 10 c.c. of it are treated with caustic 
soda and an aqueous solution of iodine in potassium iodide ; no turbidity due to iodoform 
should be formed for some time.^ 

According to Earkas’s patent (Ger. Pat. 166,360, 1904) alcohol of 92 to 95 per cent, 
purity is obtained direct if the vapours from the distillation of wood, while still hot, are 
passed through hot NaOH solution (15° to 20° B6 ) and then into hot fatty acids/ the 
alcoholic condensate being rectified by passing the vapours into milk of lime. 

USES AND STATISTICS. Methyl alcohol is used for the manufacture 
of formaldehyde and various aniline dyes, for the preparation of different 
varnishes and for the denaturation of spirit (ethyl alcohol). 

^ Tests for Methyl Alcohol When pure it should leave no residue on evaporation, should not have an 
acid reaction towards litmus, and should not contain ethyl alcohol, which can be detected as follows : a little 
of the liq[uid Is heated with sulphuric acid, diluted with water and distilled, the distillate being treated with 
permanganate, then with sulphuric acid, and finally with sodium hydrogen sulphite ; if ethyl alcohol is not 
present this liquid will not give a violet coloration with fuchsine solution. Acetone and ethyl alcohol can also be 
detected by the iodoform reaction QAelen'i readian : see hdow and also p. 101). Proportions of 2 to 3 per cent, of 
methyl alcohol can he detected by Scudder and Rxggtfs readion (1906), which consists in treating 10 c.c. of the 
liquid at 25* with 5 c.c. of concentrated sulphuric acid and 5 c.c. of saturated permanganate solution, decolorising 
(after two minutes) with sulphurous acid solution and boiling until all smell of sulphur dioxide or acetaldehyde 
disappears. This liquid is then tested for formaldehyde by adding a few centigrams of resorcinol to 2 c.c. 
and pouring 1 c.c of pure concentrated sulphuric acid to the bottom of the liquid ; a blue ring, due to the 
formaldehyde formed from the methyl alcohol, forms at the surface of separation of the two liquids. Benig^ 
(1910) detects as little as 1 per cent, of ethyl alcohol by heating the methyl alcohol with bromine water and 
testing for the acetaldehyde formed with fuchsine solution decolorised with SO, («6C Aldehydes). 

Estimation of the methyl alcohol in the commercial product is effected by the Krell-Kramer method : SO grms. 
of phosphorus tri-iodide is placed in a flask furnished with a long reflux condenser, down which is poured, drop by 
drop, 10 c.c. of the^’methyl alcohol ; after a short time the methyl iodide formed is distilled from a water-bath into 
a graduated cylinder containing a little water ; when the distillation is completed, the condenser is rinsed out with 
water and the volume of the methyl iodide under the water measured at 15® ; 5 c.c. of pure methyl alcohol give 
7T9 c.c. of methyl iodide. 

The acetoneis estimated by Kramer's method . in a 50 c.c. graduated cylinder with a ground stopper are placed 
10 c.c. of a 2N-oaustic-soda solution, then 1 c.c. of the alcohol, and, after shakihg, 6 c.c of a 2N'-iodine solution. 
After a short time 10 c.c. of ether free from alcohol are added, the liquid shaken and then allowed to stand ; the 
volume occupied by the ether is read off, an aliquot part of it evaporated to dryness on a tared watch-glass and 
the iodoform crystals dried in a desiccator and weighed : S9i parts CHI, correspond with 68 of acetone. 

A good commercial methyl alcohol should contain not more than 0*7 per cent, of acetone and at least 95 per 
cent, of the alcohol ; it should distil within 1® ; 6 c.c. of 0-1 per cent, permanganate solntion should not be decolo- 
rised immediately when treated with 5 c.c. of the alcohol, and 25 c.c. of the alcohol, mixed with 1 c.c. of an acetic 
acid solution of bromine (1 part Br in 80 parts of 50 per cent, acetic acid) should give a yellow solution. 

Detection of Methyl Alcohol in Ethyl Alcohol. To OT c.c. of the alcohol, in a test-tube, are added 6 c.c. 
of 1 per cent, potassium permanganate solution and 0*2 c.c, (not more) of pure, conoentxated^sulphuric add. The 
liquid IS shaken and left at rest for 2 or 3 minutes, 1 c.c. of 8 per cent, oxalic acid solution being then added. The 
mixture is again shaken and when it has assumed a brownish yellow coloration, 1 c.c. of concentrated sulphuric 
acid is added, decolorisation then occurring in a few seconds. Five c.c. of Tosamlme birndpliMe are then mixed 
with the liquid, which is afterwards allowed to stand. With ethyl alcohol alone, an intense greenish to violet 
coloration is obtained, but this disappears after a few minutes. But if the alcohol contains even as little as 1 per 
cent, of methyl alcohol, the more or less blue cblorai^on persists for several hours. 



108 ORGANIC CHEMISTRY 

In 1902, Germany produced 5000 tons of the pure spirit, of which 1151 
tons was exported, and imported 4273 tons of the crude product. In 1910 
England imported 448,500 galls, of methyl alcohol and exported 47,290 galls. 
The United States exported 1,691,000 galls, in 1910 and 2,040,000 (£179,600) 
in 1911. 

Pyroligneous alcohol of 90 per cent, strength (French) is sold at £4 I2s. 
per 100 kilos ; that of 92 to 93 per cent, strength (English) at £4 17<9. 6d . ; and 
that of 95 to 96 per cent, strength for lacs at £5 I5. 6d, ; the purest methyl 
alcohol, free from acetone, costs £7 per 100 kilos. 


ETHYL ALCOHOL, (Ethanol, Spirit of Wine) 

This is found rarely in nature (as butyric ester in Pastinaca saliva) and sometimes as 
an abnormal product in certain vegetables and animals, whilst it is easily formed by the 
alteration (fermentation) of various organic vegetable substances (saccharine juices, 
fruits, &c.). It has hence been known from the most remote times. Aqua vitae or spirit 
of wine, obtained by distilling alcoholic beverages, was used as early as the eighth century 
and gave rise to an industry which acquired great renown in the province of Modena 
in the fourteenth century. Various European races learnt the use of aqua vitse from the 
custom introduced everywhere by the soldiers, who consumed large quantities of it during 
the wars of the Middle Ages. But very soon the northern peoples, who did not produce 
aqua vitse from wine, began to prepare alcohol by suitable transformations of the starch 
in the cereals abounding in their countries. By the beginning of the nineteenth century 
alcoholic liquors (exciting and enfeeblmg the nervous system and the brain) were spread 
over the whole of the civilised world and produced the terrible social scourge of alcoholism, 
much more disastrous in its material and moral consequences than all the other maladies 
that afflict humanity [see later. Alcoholism). Later, however, alcohol gradually acquired 
agricultural and industrial importance owing to its increasing practical applications in 
the arts and industries. Since 1830^ Germany has extended the manufacture of potato 
spirit, and in many districts great agricultural advantages have followed the culture of 
this vegetable, since the waste products from the distilleries serve as nourishment for 
large numbers of cattle— a source of great direct and indirect profit owing to the abundance 
of stable manure, which increases the fertility of the land and hence also the crops. 


SYNTHESIS OF ALCOHOL, In the laboratory alcohol can be obtained 
synthetically by hydrolysing ethylsulphuric acid, prepared from ethylene and 
concentrated sulphuric acid (Faraday and Hennel, 1828). Alcohol is formed 
by hydrolysing ethyl chloride, and, since ethyl chloride is prepared from ethane, 
which, in its turn, can he obtained from acetylene and hydrogen at 600'" (or 
in presence of platinum black), the synthesis of alcohol from acetylene can 
be effected (Berthelot, 1855). Further, acetylene can be obtained* from 
so-called inorganic substances, from C and H (Berthelot) 5 by decomposing 
calcium carbonate with an acid, carbon dioxide is obtained, and magnesiuin, 
burnt in this gas, gives carbon, which, with lime, gives calcium carbide, and 
this, with, water, acetylene ; there is hence a transformation of mineral sub- 
stances inio organic &vbdances. 


In 1907, Jonas, Desmonts, and Deglotigny (Fr. Pat. 360,180) proposed 
preparing alcohol by first forming acetylene in mercurous nitrate and then 
heating the mass to boiling the precipitate decomposes, regenerating the 
mercury salt and evolving vapours of acetaldehyde, which are condensed and 
converted into alcohol by means of sodium amalgam (nascent hydrogen). 

PROPERTIES. When pure, it is a colourless liquid with a characteristic 
odour, sp. gr. 0-7937 at 15% 0-80625 at 0" ; it boils at 78-3^ (or at 13° under 
21 mm. pressure), and its vapour is stable at 300° ; at a very low temperature 
Jt a gtey mass, which at -135° is converted into another solid mass 
7^117 (enanitotropy, voL i, p. 191), 

Wlieii conemtaated (absolute) it fe extremely hygroscopic, and it mixes 
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with water or ether in all proportions. To obtain absolute alcohol^ i,e, 
absolutely free from water, fractional distillation is not sufficient, since at 
78’15° an aqueous alcohol containing 95*57 per cent, of alcohol by weight 
distils ; the higher alcohols also give fiiixtures with water which boil at 
lower temperatures than the corresponding alcohols. If benzene is mixed with 
alcohol, the latter can be obtained pure although a mixture of water and 
benzene first distils over, then alcohol (at 64*8°), then alcohol and benzene 
(68*2°) and finally pure alcohol. 

Usually absolute alcohol is obtained by distilling the ordinary 90 to 96 per 
cent, alcohol over calcined potassium carbonate or over anhydrous calcined) 
copper sulphate, redistilling over lime and finally over bar^da or a little sodium 
or calcium ; or it may be left over powdered aluminium until hydrogen ceases 
to be evolved. The aldehydes of the alcohol can be separated by boiling 
with 6 per cent, of caustic soda. 

If alcohol contains a little water, it becomes tnrbid on mixing with benzene, 
carbon disulphide, or paraffin oil, and turns white, calcined copper sulphate 
blue, and barium hydroxide is precipitated on addition of baryta, the latter 
dissolving only in the absolute alcohol. 

A mixture of 63*9 vols. of alcohol with 39*8 of water gives 100 vols., the 
contraction of 3*7 per cent, being due to the formation of a labile compound, 
(OgHg • 0H)2g,H20 (or 2H2O, &c.). It is a good solvent for resins, oils, colour- 
ing-matters, varnishes, ethereal essences and many other substances, and dis- 
solves sulphur and phosphorus to a slight extent ; it coagulates proteins and 
diffuses through porous membranes more rapidly than water. It dissolves 
and gelatinises soaps.^ 

It unites with various salts and alkalis as alcohol of crystallisation (K.OH, 
LiCl, CaCl2, MgCla) [set p. 107). 

It oxidises easily, giving aldehyde and acetic acid, e.g. with potassium 
dichromafce, Mn02 or even H2SO4, or oxygen in presence of platinum, or with 
micro-organisms if the solution is dilute. With concentrated nitric acid, it gives 
various oxidation products and with the dilute acid, glycoUic acid. Alcoholic 
solutions of caustic alkalis turn brown, since they are partially resinified by 
the aldehyde which forms first and which acts as a reducing agexit. Chlorine 
gives acetaldehyde and various intermediate chlorinated products. In a 
red-hot tube it decomposes, giving hydrogen and many hydrocarbons and 
acids. With sodium it gives sodium ethoxide in the form of a white powder. 

Absolute alcohol, which plays an important part in organic syntheses, is 
poisonous and rapidly produces death when injected into the blood. 

The complete combustion of 1 kilo of pure alcohol (CgHg-OH -f 60 = 
2CO2 + SHgO) generates 7193 cals, and 96 per cent, alcohol, about 6750 cals. 

Alcohol can he detected even in traces (1 ; 2000) by means of Lieben's 
iodoform reaction [see pp. 101 and 107). This reaction is also given by acetone, 
isopropyl alcohol, and the aldehydes j according to Buchner (1905) it is 
preferable to heat the alcoholic liquid with a little paranitrohenzoyl chloride, 
which forms crystals of ethyl paranitrobenzoate, N02*CeH4*C02C2H5, 
m.pt. 57°. In Rimini's reaction, the liquid is heated with sulphuric acid, and 
a dilute solution of potassium dichromate : the green colour of the solution and 
the odour of acetaldehyde are sufficiently characteristic, but the reaction can 
bu confirmed by distilling a few drops of the liquid and treating the distillate 

^ Solid Alcohol is nothing but a soapy mass formed from ahont 20 per cent, of water, 20 per cent, of soap 
(sodioiQ stearate) and 60 per cent, or more of alcohol ; it hams like liqmd sdcohol hut leaves a residue. 

A richer product can he prepared by heating and stirring 100 parts of 96 par wnty alcohol at OCT, dissolving 
1 part of stearine and adding 0r5 part of a 30 per cent, aqueous sodium hydroxide solution— Just sufficient 
to make it redden phenolphtbalein. Some use a sodium soap charged, with siheate (&00 per cent.). A solid alcohol 
that hums without leaving a residue cm he obtain^ by dissol'^ing 20 to 40 pa^ of coUodion in 100 parts of alcohol ; 
others add, insteadj, 25 parts of a 26 per cent, splutmn d cellulose acetate in aoeMc acid, and shake, the crust of 
solid alcohol which separates being squeezed put. 
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with a little sodium nitroprusside and a drop of piperidine, a beautiful blue 
coloratiou being obtained if acetaldehyde is present. 

The manufacture of alcohol became one of the great chemical industries 
when a scientific explanation was obtained of the phenomena governing the 
transformation of starch and sugar. Fermentation, although known from the 
most ancient times, remained unexplained up to the nineteenth century, and 
it is solely, or largely, owing to the studies of Caignard de Latour and 
Schwann, Turpin, Schroeder, Liebig, Pasteur, Nageli, Cohn, de Bary, and, 
more recently, Duclaux, Buchner, &;c., that the phenomena of fermentation 
are now completely explained and rationally regulated. 

In 1836 Caignard de Latour and Schwann found that the fermentation of wine and 
beer is strictly dependent on the germination of microscopic fungi which multiply in the 
must or wort. Turpin supposed that these fungi are nourished by the sugar, producing, 
as the excreta of their vital action, alcohol and carbon dioxide. In 1838 Liebig held 
that this transformation of sugar is caused by a special intermolecular movement due to 
substances contained in the ferment itseK (microscopic fungus). 

Pasteur, in 1872, showed that certain ferments that live at the expense of the oxygen 
of the air and can decompose sugar into water and carbon dioxide, when they are 
immersed in saccharine liquids, being no longer able to assimilate oxygen from the air, 
extract it from the sugar, resolving the molecule of the latter into alcohol and carbon 
dioxide. Although Nageli, in 1879, had attempted to reconcile the hypotheses of Liebig 
and Pasteur, yet up to a few years ago all fermentative phenomena were interpreted on 
the basis of the ideas enunciated by Pasteur. Progress m the fermentation mdustry 
proceeded, fari fassu, with that of bacteriology.^ 

^ Bacteriology is the science which studies morphologically and biologically the smallest, unicellular, 
vegetable organisms which are propagated with immense rapidity by segmentatxon. The cell is formed, as in the 
other organisms, of an extremely thin membrane which permits ^ the osmotic phenomena {see vol i, p. 77), 
and encloses the protoplasm in which no central nucleus is visible, but in which there occur scattered granules 
(of starch and other substances), fat globules, vacuoles containing cell-sap, and sometimes crystals {e g. of sulphur), 
while in certain bacteria the protoplasm holds various colouring-matters in solution. The temperature most 
favourable to their vitality varies, according to the species, from 5® to 40® ; they live, however, in a latent con- 
dition, at very low temperatures, although they do not reproduce, and they usually die at about 70° 
(excepting the spores, see below). As, in general, they do not contain chlorophyll, they are nourished by complex 
organic substances already elaborated by other organisms and hence soluble or capable of being rendered soluble 
(sugars, organic ammonium salts, ammonium compounds, &c.) ; and m this they are clearly differentiated from 
vegetable organisms and approximate more to the animals. Xutrient matter for bacteria always contains 
phosphorus, sulphur, potassium, and' calcium, and, in certain cases, magnesium and manganese. They live well 
and reproduce rapidly in meat-broth or nutrient gelatine They tolerate more easily alkaline than acid media 
and dired sunlight kills many species of bacteria, even pathogenic ones. As a result of their vital actions* sub- 
stances are sometimes formed which kill the bacteria themselves. Different antiseptics have various actions 
on different bacteria, or else only a specific action on certain of them. The reproduciion of bacteria takes place 
ordmanly by segmentation ^ that is, when the cell has reached a certain length a thm wall forms in the middle and 
divides the cell into two new ones ; these divide, in their turn, so that the reproduction of these organisms, which 
increase in geometrical proportion (1, 2, 4, 8, 16, 32, &c.), proceeds with prodigious rapidity and yields millions 
of individuals in a few hours. The universal distribution of bacteria is thus easily understood. When the vital 
conditions are rendered abnormal or difficult for bacteria, in many of them there occurs a contraction of their proto- 
plasm into a more compact mass (at the centre or laterally, according to the species), which forms a separate 
individual, the spore, much more resistant to cold (— 180®) and heat (130-140°), and even to antiseptics than the 
corresponding bactenal cell ,* the spores can retam life even for some years. Under favourable conditions, the 
spore breaks its envelope and gives a cell which reproduces by segmentation like the original one. Only certain 
rare species of bacteria are provided with chlorophyll or other colouring-matters capable of assimilating carbon 
dioxide under the action of sunlight. 

These micro-oigamsms, termed bacteria or sckizomycetes or microbes, are those which produce putrefaction 
and infectious diseases (cholera, carbuncles, typhus, tuberculosis, small-pox, diphtheria, &o.) ; they are classified, 
according to their form, into. (1) Desmobacteria (baciMus or vibrio forms like small rods); (2) Sphere 
bacteria (eoed and microco^ of spherical shape and termed diplococa if united in twos, staphylococci if joined 
^^^ptococci if in strings ) ; (3) Spirobacteria {spinUa of twisted shape). To give a concrete idea 
or their forms de Baiy d^cribed them as analogous to a pencil, a bilhard ball, and a corkscrew. 

On the basis of their Merent activities and physiological properties Cohn divided all the species of bac- 
tma mto three chaiactenstic groups : (1) zymogenic, or those which produce all the non-alcoholic fei mentations ; 
(«) mromogemc, wliich produce various colouring-matters (red, violet, yellow, &c.) ; (3) pathogenic, which caase 
diseases of man and animals. To recognise the latter — given the difficulty of distinguishing them morphologicaly 
TOder the microscope, since different species often have the same form and the same species sometimes several 
forms-— they we inoculated into the blood of living rabbits, rats, guinea-pigs, &c., the pathogenic character 
being deduced from the effects produced in the animals in two or three days, or sometimes even after a few 
houiB, 

n 1^®^ diameter (width) of these unicellular bacteria measures a few tenths of a micron (1 micron or /x = 
0^0001 nun.), «d, in rare ca^es, as much as 1-7 p.; the greater diameter (length) is usually several microns. 

If we wish w indicate bacteria in a wider sense of the t^m, and not to limit them to the pathogenic or sapro- 
phytic (non-pathogenic) but still to those that produce all putrefactions and widen the limits of their dimensions, 
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FERMENTATION 

Daring recent times, however, new facts have been discovered which have profoundly 
shaken the fundamental basis of this theory, according to which no fermentation is 
possible, except in the presence of certain species of living micro-organisms. In reality 
certam special fermentations are already Imown which are produced by enzymes, i,e. 
substances of complex chemical compositions which do not manifest anything in the 
nature of living micro-organisms ; for example, diastase transforms starch into maltose : 
^0,lI^oOsl 4- H^O = x(hJL220n^ 

In 1900 Buchner succeeded ui showing, by careful experiment, that some of these 
fermentations, which m the past could only be induced by the livmg micro-organisms, 
could also be effected by usmg the extract of the bacteria obtained by squeezing out, 
under great pressure, through special unglazed porcelain filters, the extract of the ferment- 
cells previously ground with quartz-sand. In this way Sacoliaromyces cerevisice yields 
maltase (which is an enzyme occurring also m germmating barley or maize and contained 
in Saccharomyces octosporns), which hydrolyses maltose, transforming it into glucose ; 
ft’om beer -yeast is obtamed invertase (or invertin) capable of resolving saccharose or cane- 
sugar (not directly fermentable) into fructose and glucose (fermentable) ; fresh yeast 
cells yield zymase, the enzyme capable of effectmg the alcoholic fermentation of various 
six-carbon -atom sugars (glucose, fructose, &c.). 

The action of the enzyme cannot be attributed to the still living protoplasm derived 
from the cells of the ferment, since the protoplasm can easily be killed in a mixture of 
alcohol and ether, and after this treatment the enzyme retams its activity. The action 
of ferments is hence due to the enzymes that they are able to produce, rather than to 
the biological phenomena of the life of the organisms. 

To-day numerous enzymes are known which are of great importance in 
many vital functions of vegetable and animal organisms. It is not certam 
if the enzymes, with^their large and complex molecules, are true proteins, 
since up to the present they have not been obtained chemically pure ; all of 
them contain nitrogen but, as they are purified more and more, the nitrogen 
content continually diminishes and to-day it is held by some that the com- 
position of each enzyme approaches that of the substance it transforms ; so 
that diastase would be a substance similar to starch and poor in nitrogen, 
whilst the enzymes that transform the proteins would be of true protein nature. 
Proteolytic (decomposition of proteins) and fermentative actions only occur 

we can logically divide these micro-organisms into two other similar groups of similar beings, namely, the 
Hyphomycetes {movids) and the Blastomycetes (ferments). 

The Hyphomycetes form groups of branched filaments (myeelia), which often subdivide into portions similar to 
bacteria, but the width of these always exceeds 2 m, and often 5 m ; they multiply by means of spores and four 
principal species are distmgmshed according to the mode of formation of these spores (conUia ) : (1) the AspergtMus 
species which form, at the extremities of the fruit-bearmg filaments (spore-bearing hyphoe), a swelling m the form of 
a club covered with senes of spores attached by means of intermediate stervgmata; (2) the Mucor species (or 
Mucedinece), m which the spore-bearing hyphse which start from the mass of mycelia carry sporangia (species of 
capsule) in which the spores develop ; (3) the Oidmm species in which the spores are formed directly in the spore- 
bearing hyphse without any special organ of fructification ; (4) the PemaUium species, which is very common 
and has branched spore-bearing hyphse in the form of a brush containing senes of spores AspergiUm and Oidium 
are, however, not separate species but special sporifying forms of JSurohum and Brysvphm belonging to the order 
of Ascomycetes. 

The most important of these micro-organisms for industrial purposes are the Blastomycetes, i.e. the ferments 
or mnceiiular fungi which usually multiply by gemmation (budding), that is, by excrescences forming on the cells 
and becoming detached when they have reached a certam size, forming new cells which live independently of the 
mother-cells ; imder abnormal conditions, however, the ferments multiply also by means of spores, four nuclei 
being usually formed inside the cell, these then becoming covered with membranes and dividing: the mother-cell 
into four parts formmg four new cells. 

The ceUa of the ferments have often a magnitude greater than SM', and the mosi important for alcoholic 
fermentation form the family of the Saccharomycetes (see later)* 

The extraordinary beneficial influence of the bacteria and ferments m nature (apart from the pathogenic action 
of certain of them on some of the higher organisms) is manifested m the wonderful destructive activity they exert 
on the refuse and remains of all the higher organisms, converting the complex substance composing them mto 
continually more simple substances until they give 00,, HaO, and HNOa. These are the simplest materiaLs 
which can be used by v^etable organisms to recommence tbe life-cycle, since in nature nothing is destroyed or 
created, but everything Is transformed and thus life itself rendered etomal. 

1 Starch, which is formed m the green leaves, of plants under the action of sunlight and of (MomphyU, 
although an insoluble substance and very resistant to various reagents, emigrates during the night and accumuiates 
in the seeds, roots (tubers), medulla, &c. We can, however,' stop the starch m its path, and can ec^Iain how it 
can be transported by the juiees into other parts of the plant. In feet, various enzymes occur distributed through 
plants, and among these is diastase or ayn^la^e, which rend^ the stareh soluble by transforming it into soluble 
(and hence transportable by the juices) sugar (maltose), to be regenerated., i)y; an inverse proCesa— unknown to us— 
in the form of insoluble starch iii other parts of the pl^t. 
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between certain limits of temperature (0-65°) and are retarded or prevented 
by certain poisons [e.g. by traces of piirssic acid or by metallic salts that act 
on proteins, like HgCla, &c., although they are more, and sometimes completely, 
resistant to the action of antiseptics that kill ferments, such as salicylic acid, 
boric acid, ether, &c.). The various enzymes produce one or other of the 
foEowing general reactions : hydrolysis (amylases, sucrases), coagulatim 
(enzyme of rennet), decom'position (zymase of alcoholic fermentation), oxidation 
(laccase oxidises the juice of the lac-tree), &c. Enzymes exhibit different 
behaviour towards the stereoisomerides of certain hydrolysable and ferment- 
able substances (see section on Sugars) d 


1 The foUowing are some of the more important enzjTUCS : , , , ^ ±. 

Diastase (or amylase) occurs abundantly m malt (germinating cereals) but is found also m plants, the pancreas, 
the saliva, the liver, the bile, the blood, the kidneys, and the mucous membrane of the btomach and of the 
intestines : it transforms starch into maltose and dextrin. , . , 

Maltase transforms maltose into glucose, and is found in malt, m Sarcharoynyces ceievisioi, and iii plants and 

Zymase causes alcoholic fermentation of glucose and is contained in yeast and the alcoholic ferments 
{Sacdiaromyces). 

Lactase decomposes milk-sugar. 

Melibiase resolves raffinose (or cane-sugar) into molecmes of more simple sugars. 

Invertase {suofas&t succkarase, or inveriin) decomposes saccharose into glucose and lovulose, and is obtained from 
beer-yeast. 

Cytase or Cellase attacks ceUulose. 

Maltodextrmase ferments maitodextrm. 

Dextrinase ferments dextnns. 

Peptase governs the important digestive functions of the stomach, and peptoni&es proteins. 

Tryptase is found m the pancreas and contributes to the peptonisation and dccompobitiou of the protoiiiB, 
Lipase IS also found m the pancreas and renders the fats soluble (hydrolyses them). 

Emuisin, contained in bitter almonds, and capable of decomposing amygdalm. 

Ptyaiin is contained in the saliva and initiates the digestion of starchy foods. 

Reductase is capable of effecting reduction phenomena, especially in presence of aldehydes, and is hence also 
knomi as aldehydo-catalase ; it decolorises Schardmg&fs reagent (mixture of mcthyleiio blue and 
formalin). Reductase is widespread m the animal kingdom and occurs m unboiled milk (boiled milk is 
detected by the lack of this enzyme ; it does not decompose water or decolorise guaiacol). 

The Oxydases form a group of enzymes Qacease, tyrosinase, cenoxydase, catalase, &c.) capable of effecting 
oxidations by fixing the free oxygen of the air and transferring it, in the nascent state, to tlio substances to be 
oxidised. They occur widespread m the vegetable kmgdom and are also found iii the animal kingdom, and their 
oxidising action is comparable to that of platmum black (catalyst) In fact the catalase found m the blood is 
capable of decomposing HjOa, giving nascent oxygen and water (Loew, 1901). It is now found that the oxydases 
are formed of mixtures of oxygenase and peroxydase. Euler and Bolin (1909) obtained a laccase of the Medicago 
type m a chemically pure state, and found it to be composed of calcium salts and a small amount of iron salts 
of mono-, di-, and tn-basic hydroxy-acids, especially citric, malic, mesoxalic, and glycolUc acids. 

Peroxydases and Oxygenases. Schonbem (1856) had observed that certain vegetable and animal 
orgamsms contain substances analogous to ferments and capable of decomposing hydrogen pei oxide catalytically 
with liberation of oxygen, and also of accelerating catalytically this decomposition {%.e., the oxidising action) 
m the same way that ferrous sulphate does Loew (1901) showed that the first action is due to a special enzyme, 
crdalmeioxygmase). Liiiossier,m 1898, succeeded in separating from pus an enzyme free from oxydase (oxygenase), 
yet capable of aecd&raiing but not of initiating the decomposition of hydrogen peroxide ; this he called peroxydase. 
The oxydases and peroxydases often occur together and they may be separated by heating the mixture to 70°, 
the oxydMe being thus killed, or, as was proposed by Aso of Tobio (1902), by dissolving the peroxydase in alcohol 
which does not dissolve the oxydase, or by poisoning the latter with sodium fluoride or fluosihcate. There arc 
also sevesral plants that contain only peroxydases, among them pumpkins and horse-radish roots (Bach and Chodat, 


1903, 1906). 

The peroxyda.ses.are nitrogenous but non-protem substances, and, when heated with NaOH give NEa J they 
always contain about 6 per cent, of ash, 0-8 to 1-4 per cent, being aluminium and 0*2 to 0-6 per cent, manganese. 
The peroxydases dialyse, whilst the oxygenases do not. The specific action of the peroxydases consists m adnvatmg 
in a remarkable manner the oxidismg action of on orgamc substances, e.g. gallic acid, pyrogallol, &c ; they 
activate also the action of the peroxides ihat form m organic substances by the action of the oxygon of the air 
(e.g. ethereal oils, tiapentme, <fee.). 

In 1897 Bertrand introduced the following hypothesis to explain the action of the oxydases : the latter arc 
r^rded as hydrolysaMe manganous prot^ compounds, m which the manganese) in the manganous condition, 
IS the transmitter of oxygen from the air to the oxidisable substance ; the manganese dioxide formed would then 
be again reduced by the protean acid radical, the original manganous protein compound being regenerated. Bach 
and Chodat have, however, found manganese in the peroxydases, although these are not direct oxidising agents. 

The peroxydases have no oxidismg a^ion, unless a peroxide is present. They do not turn fresh guaiacol 
tincture blue, but after some hours this change do^ occur ,..thetmctiirehaving formed, peroxide, which can be detected 
by starch amd potassium iodide, solutkion. Whilst the peroxydases aeoelerate the decomposition of very dilute 
HaOj;, this kills them if concentrated. In 1908 J. Wblff obtained the reactions of the peroxydases by traces of 
ferrous sulphate or copper sulphate. The oxidising action .of the oxygenases (which have, however, not yet been 
obtained free from peroxydase, although the latter ore inown free from oxygenases) is only weak and is strongly 
activated by addition of peroxydwe. On the other hand, it seems established ttiat there are two species of peroxy- 
dases ei:rfi.tmg, the one activating strongly the oxygenases and feebly the decomposition of HaOc, and the other 
behaving m the opposite way. The character of the oxydases themselves is indicated by the specific action of one or 
the other species of peroxydase. Indeed, Bertrand had In 1896 ^racted from certain plants, e.g. young potato 
^tUbersi) sbsi oxydase whMi differed from all otibersln not oxidisi ng phenols or the aromatic amineS) whilst it oxidised 
Off |>Ntaiped which is not altered by the ordinary oxydases or bven by the presence of HtO# alone. 

' |19^>i»acdeed«d ha separating the ^ecific peroxydase from tyrosinase and in showing that this peroxydase 
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But still more interestmg is the fact that durmg an ordinary fermentation the amount 
of sugar fermented does not depend closely on the quantity of living ferment or enzjune ; 
thus large quantities of sugar can be decomposed by small quantities of ferment or enzyme. 

The^ action of the enzymes and of the ferments may be logically compared with that 
of the inorganic catalysts (vol. i, p. 67), which only produce an enormous increase in the 
velocity of reaction, in our case, of the decomposition of sugar. And that these organic 
catalysts have an action really similar to that of the inorganic catalysts can be shown by 
certain other interesting facts. 

Some years ago Duclaux succeeded in producing alcoholic fermentation by dilute 
alkali ; Traube in 1899 transformed sugar into alcohol by means of finely divided platinum 
alone at 160° ; while Schade in 1906 converted an alkaline solution of glucose, in absence 
of enzyme, quantitatively into acetaldehyde and formic acid (CeHigOe = 2 C 2 H 40 4 - 2 CH 202 ), 
and these products, under the catal 3 rtic influence of rhodhim, are transformed quantitatively 
into CO 2 and alcohol (perhaps the formic acid first gives CO 2 and H 2 , the latter, in the 
nascent state, reducing the aldehyde to alcohol).’- 

Eurther, as in chemical equilibria (vol. i, p. 62 ), the action of catalysts in 
reversible reactions is regulated by conditions of temperature and of con- 
centration different from those met with in the case of enzymes : indeed, 
when diastase has converted a certain quantity (dependent on the temperature) 
of starch into maltose, the hydrolytic change is arrested {i.e. equilibrium is 
reached in the reversible reaction : starch 5 : maltose) ; but if part of the 
maltose is fermented into alcohol and CO2J the equilibrium is disturbed and 
the diastase hydrolyses a further quantity of starch. Also at temperatures 
above 55 °, diastase forms dextrin in preference to maltose. An analogous 
phenomenon is observed in the hydrolysis of amygdalin by eniulsin. It has 
already been mentioned that maltase transforms maltose first into glucose, 
but when a certain proportion between these two products is reached, the 
hydrolysis ceases owing to equihbrium being attained : C12H22O11 + H^O ^ 
2C6H12OQ, and the transformation proceeds only when the glucose is removed 
by alcoholic fermentation ; Emmerling has realised the inverse reaction 
by displacing the equilibrium by addition of glucose (in which case isomaltose 
is produced). 

IS only capable of causing the oxidation of tyrosine when mixed with the corresponding oxygenase or in presence 
of HgOg alone. Hence the action of tyrosinase is dne to the speciftc action of its peroxydase. Bach holds further 
that m the phenomena of respiration of organisms, oxidation due to oxydases plays no part, since this leads to 
true condensations, to syntheses of more complex products ; for respiratory phenomena there should exist enzymes 
of a type not yet known and capable of decomposing and oxidising there serve materials of the organism (fats, 
carbohydrates, &c., which are not oxidised by oxydases). 

At the present day the catalytic action of the enzymes is explained as due to small quantities of metal which 
they contain ; thus the important action of the hsemoglobm of the blood (which fixes the oxygen in the lungs 
in a labile condition and transports it to all parts of the organism) appears to be due to the small quantities of 
iron present, this inducing the decomposition of the food materials ; thus the synthetic action of the peroxydases 
is perhaps due to the manganese they contain {see a6ore), just as the important synthetic functions of chlorophyll, 
according to WiUstatter’s recent work, appears to he owing to the magnesium present in it. Eecently (1910) 
Bach has, however, succeeded m preparing very active oxydases and peroxydases free from iron and manganese, 
so that the true explanation of the activity of these enzymes remains to be discovered. 

^ Buchner and Meisenheimer (1909) explain the action of ferments, from the chemical point of view, by the 
addition of a molecule of water to the sugar and abstraction of an atom of oxygen by the ferment, so that there 
results, as an unstable intermediate product, a dihydric alcohol, which, in its turn, is immediately decomposed 
into Ha and 2 mols. of dihydroxyacetone ; the last product is able to decompose into COa and alcohol, while the 
hydrogen continues to transform fresh quantities c si^ar into the dihydric alcohol, and so on. Boysen- Jensen 
(1909) finds that the reactions for dihydroxyacetone are given by fermentations ; the decomposition would hence 
take place thus : 
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Also in the action of maltase on amygdalin, Enmerhng succeeded in 
nro^cini the reverse reaction, and at the St. Louis Exhibition in 1904 he 
Sow^d f fine specimen of amygdalin prepared synthetically by an enzymic 

^To'tLt .nth one and the same enzyme, analjdic an^d synthetic processes 
can be effected. Cremer obtained glycogen ( 0 ^ 1005 )^ from levulose by 
meanrof an extract of yeast, and Hanxiot, Kastle, and Loewenhart prepared 
monobutyrin and butyl acetate syntheticaUy by means of ^^pase. The 
enzymes also effect the so-caUed asymmetric syntheses, i.e. they give optically 

compounds containing-asymmetric carbon (1908). 

Also interesting is the fact that a single ferment may contain various 
enzymes ■ thus, from Saccharomyces cerevisice, maltase and invertase can be 
extracted easily and also zymase, though with more ^fficulty. „ , , 

These rece4 discoveries on the reversibihty of the reactions effected by 
enzymes are of great importance, as it was at first thought that enzymes or 
ferments in general were capable of causing only decompositions and not 
synthetical reactions, whereas their analogy with inorgamc ferments is now 
complete. But the discoveries are all the more remarkable, since the same 
phenomenon of vitality — in the single cell as in more complex organisms— 
kn be reduced to an enzymic phenomenon ; that is to say, the exchange of 
material in the organism (decomposition, recomposition, growth) takes place 
by means of these organic catalysts, which cause the decomposition of food, 
preparing various complex materials which form the organism itself, and at 
tihe same time generating the energy manifested in the vitality, enzymic 
phenomena being always exothermic. Tto hypothesis can, with advantage, 
be substituted for the too abstract biogen ^ hypothesis, to explain vital 
phenomena. 

1 CeHs- CH(ON) • CeHiiOc + OeHiaO 

Olucoside of phenylgly- 
coUic mtrile 

or, more completely : 

SOaHiaOe + HOlf + 

Grlucose Hydrocyanic 


CgoHsjNOu + HsO 

Maltase Amygdalin 


OA-CHO 

Benzal- 


2H2O + CsoHov^Oii 


* Hypotheses of Biogen, Toxins, and Genesis of Life. The physical and physiological basis of hfo rosides 
especially m the protoplasm, the semi-fluid, almost always colourless, refractive substance— insoluble in water— 
which everywhere constitutes the essential part of the ceh. Protoplasm is formed principally from piotein sub- 
stances, whilst it is thought that the fats and carbohydrates are not active components. To the protoplasm is 
attributed the fundamental property of vitality, i.e, the exchange of material, but it is not known how its com- 
ponents— 4he proteins — can have such properties or in what physico-chemical aggregation of the proteins (the plasti- 
dules and bionomads are regarded as morphological components or units of protoplasm) they have their orign. 

In one of the principal functions of the blood is that of supplying the respiratory needs of the tissues 

in virtue of the hmwglcMn contained m the blood of vertebrates [besides fibnnogen, aerum-albumm, and para- 
gkrbvMn * whilst with the invertebrates there are echinochrom, cJdorocruonn, ho&moerythnn, hccmocnamn (con- 
taimng copper), and pmnogloUn (containing manganese), which have the same functions as hfemoglobin] ; it is 
formed of a protein substance united with a ferruginous compound, which takes up oxygen at the respiratory 
surfec^ of the oiganism (skin, bronchi, and lungs), and brings it into close contact with the tissues. 

The vital processes of the organism being due to the exchange of material in the colls full of protoplasm, the 
Mogmie ^fpcMem assumes that this is brought about by a very complex, labile compound, which, by being con- 
tinually decomposed and reconstituted, maintains the interchange uninterruptedly. By many this compound 
is called living aUmmmf but Max Versfom (1895 and 1902) regards tins as an unsuitable name and does not think 
it has been shown to be a true albummoid, although it is a nitrogenous substance ,* there are possibly several sub- 
stances in a state of labile combination and these he calls imUaules of biogen. 

It has been observed that m orgamsms, as in parts of them, vitality ceases when oxy^n is eliminated, many 
of them subsequently (the frog even after twenty-flve hours) recovering it in presence of oxygen. Brom this arise 
two hypotheses : (1) the molecule of biogen becomes labile, and hence gives rise to decompositions and recompo- 
sitions, that is, to the vital process — since it unites transitorily with oxygen ; (2) oxygen serves only to oxidise 
or eliminate the decomposition products of the biogen (admittedly labile), and when there is no oxygen, these 
products are not eliminated, so that the decomposition and recomposition of the biogen arc arrested. By 
experiments on the frog Max Verwom has ^own that the former hypothesis is the more probable. 

Since, in the vital process, under the action of oxygen, it is especially the carbon dioxide that is eliminated, 
often along with lactic acid, water, &c., whilst the*^miination. of hitrogenons substances does not increase, it may 
be assumed that biogen is constituted of a benzene nucleus with Meral chains of carbohydrate and aldehydic 
(^Mnaeter and with an oxygen-carr^g nitrogenous gmnp which fixes the oxygen of the air (just as iTO gives. 
If Oft in hhe lead-chambers of sulphucio acid works) and gives it up to the lateral chain, which is oxidised (Ehrlich’s 
hypothesis, 18^2-1902) to COj, lactic acid, Hj-O, <feo., these being eliminated ; the nitrogenous group, 
thus reduced, remaibs miited with the benzene group, which, with new food, ' oims the biogen molecule, this 
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In order to ascertain if a given action is due to enzymes or to organised 
ferments, tlie liquid is passed under pressure through, a Ohamberland porous 
porcelain filter, which retains the ferment cells, but not the enzjones ; the 

being again decomposed by oxygen and so on The digested food-materials carry, with the blood, new materials 
to the regeneration of biogen (without food, death ensues), the oxygen then effecting the changes described above. 
The seat of the biogen lies m the liquid protoplasm of the cell (not in its nucleus), into which oxygen enters in the 
state of labile combinations not yet defined but capable of giving it up when needed : these compounds are more 
stable in the cold than in the hot and are those that carry on the vitality during prolonged fasts. These reserve 
materials are probably formed by the decomposition of the food by means of intracellular enzymes, which form the 
connecting-link between the living substance (biogen) and the non-living (foods), transforming the latter into 
the former. 

The biogen hypothesis is opposed by that of the enzymes as factors of the vital process and, given the varied 
nature of the phenomena and of the chemical transformations occurring m the living organism, and the variety 
of the numerous chemical groups forming a protein molecule, it is perhaps imprudent to refer all these phenomena 
to a single compound, biogen, when we already know different enzymes which certainly effect well-mvestigated, 
definite reactions. From the action of different enzjmes on the protein complex forming the protoplasm of the 
cell, there results the many-sided phenomenon of vitahty. And in certain cases in is ]X)ssibIe to go still further, 
as it must be admitted that many synthetic and analytic phenomena of organic substances (e y. the fermenta- 
tion of sugar) take place even without protoplasm, by the direct action of the enzyme alone (see p. 111). 

Further, by simple catalytic actions, it is now possible to effect artificial fertilisation (attificial parthenogenesis) ; 
for example, by treating unfertilised eggs of the sea-urchin with solutions of vaiious chlorideia, best of all, 
magnesium chloride, Loeb (1899 and 1900) obtamed living larvse ; G-iard (1904) studied the artificial partheno- 
genesis of the star-fish (Asteria rubens) ; Tichomiroff (1886 and 1902) and, better, Quajat at Padua (1905) obtamed 
partial artificial parthenogenesis of the virgin eggs of the silk-worm. 

Most interesting of all are the investigations on sero-therapy which have led to the most unexpected results 
when, instead of the observations being limited to the bacteria, the poisonous or beneficial substances which 
they elaborate or secrete have been considered. These toxim or antitoxins secreted by bacteria or formed in 
animal organisms also appear to be enzymes, exhibiting, however, their activity in phenomena of a different and 
more complex nature 

In the last few years (1902-1907) Arrhenius, m conjunction first with the head of the German school, Ehrhch, 
and later with that of the Danish school, Madsen, has devoted himself to the interpretation of sero-therapy ^ making 
effectual use of all the modem laws of physical chemistry. He has succeeded m following and controlling the 
formation and action of toxins and antitoxins in the animal organism by empirical mathematical formulae, 
calculated beforehand from the results of previous experiments ; and it is not improbable that the time will 
soon arrive when from these empirical formulae, suitably co-ordinated, rational formulae will be derived leading 
to new and important natural laws, from which general pathology will obtain great prmciples rendering it possible 
for man and other animals to be immunised against the attacks of pathogenic bacteria. Then, and only then, 
will man have triumphed over the microbe. 

By injecting more or less poisonous substances (toxins) into the animal organisms, the so-called anti-bodies 
(antitoxins) are formed in the blood, but their formation is probably incomplete in consequence of the laws 
of chemical eqmlibria discovered by Guldberg and Waage (vol. i, p. 62). 

The corresponding antitoxins are known for only a few poisons. Those of solamne and saponin (1901) 
and of morphine (antimorphine) (1903) have been sought for in vain by inoculating guinea-pigs and rabbits, so 
that these three poisons are not to he regarded as toxins. From castor-oil seeds ndn has been extracted — 
a toxin for which the corresponding antincin is known ; also, seeds of Abrus prcecatonus and JRobinia psendacacia 
yield the poisons abnn and robin, for which the corresponding antitoxins have been obtained. An i mal s also 
produce anti-bodies of non-poisonous substances , thus, if any cells whatsoever are injected into the blood, anti- 
bodies are more or less rapidly produced which have a special destructive action on these cells. Also by injecting 
rennet (which coagulates milk) an antiiennd is obtained which is able to prevent the coagulating action of the 
rennet. 

From pathogeme bacteria are obtained anti-bodies (by inoculation) to certain proteolytic enzymes : in 1S93 
Hildebrandt found an anti-body to emulsin and Gessard (1901) prepared an anti-body to tyrosinase (see abom) ; 
from the serum of a goose inoculated with pepsin, H. Sachs (1902) obtained an antipepsin ; A. Schdtze (1904) 
obtained antUactase by making subcutaneous and intermuscular inoculations with the lactase of kephir (wMc^ 
see), and similarly were prepared anti-bodies to cynarase, zymase, urease, and the fibrin and pancreatic ferments. 

It is difficult to establish a limit or any essential difference between enzymes or ferments and toxins, and 
the preparation of anti-bodies to all these active substances is, perhaps, only a matter of time. The anti-bodies 
are divided into two classes, according as they are obtained by inoculation of homogeneous solutions (toxins) 
or of emulsions of bacteria or cells (red blood corpuscles), &c. The anti-body formed by the inoculation of a 
homogeneous solution combines with the toxin of the latter, forming an innocuous substance, which is called 
an antitoxin if soluble or a precipitin if insoluble. The injection of bacteria sometimes leads to the formation 
of anti-bodies capable of dissolving the bacteria themselves (from which they are derived) and then these anti- 
bodies are termed lysins (bacteriolysins). There may also be formed anti-bodies which agglutinate the inoculated 
cells, i.e. agglutinins, but this depends on the presence of salts. The cholesterin and lecithin of the organism 
often form part of the toxin or antitoxin. Choiesterm, for example, acts as an antitoxin to ietanolysin and 
other lysms. According to Metchnikofl it is the leucocytes (white corpuscles) which produce the antitoxins, 
but this has not been rigorously proved, although Wright has shown that certain anti-bodies (opsomm) exhibit 
their activity agamst bact^ia only m presence of leucocytes. 

That the action between toxins and antitoxins resemble chemical neutralisation was assumed at the time 
of the discovery of the first diphtheritic antitoxin by Behring andj^ Kitasato in 1890, and was suppoiried by the 
German school with EhrMch at its head. From 1893, however, the French school (Itoux, VaiUard, MetchnAoff, 
and also Buchner) held that the antitoxins exert a physiological action, exdtim^, as it were, the organic tissue 
to resist the attacks of these poisons (toxins). When, however, Bhrlidh showed that the ag^utinating action 
of ndn on the red blood corpuscles (suspended in physiological serum, that is, in 0-9 per wnt. ISfaCl solution) 
could be annulled by simply adding antiHcin, and because he showed that the neutcalisatioin of the action of 
a given quantity of toxin required the presence of a proportionate amount of anrfntoxiii, most smentific men 
abandoned the physiological hypothesis. Ehrlich^s more, recent studies on the aetion of tw*o arseBical compounds 
on the toxins have led to the cure of steepmg-sidkness and probabfy to that of syph^s (by means of the product 
696), In suitable conditions of temperature, the original toxin.^ regeneirated from the antitoxins 

by a reversible process (Beversible Eeactions, vohi/p. 63); this was shown by Moi^enrotti (1906) by dissociating 
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filtered liq^uid is then examined to ascertain if it still produces the enzymic 
action. Or the licjuid may be mixed with chloroform, which arrests all cellular 
life, but does not act on the enzymes. 

A liquid containing an enzyme is coloured blue by the addition of an 
alcoholic solution of guaiacum resin, previously mixed with a drop of hydrogen 
peroxide. 

The enzymes are, as a rule, destroyed by boiling. 

INDUSTRIAL PREPARATION OF ALCOHOL. As already mentioned, 
the prime materials are saccharine or starchy substances ; the latter, by the 
action of enzymes (diastase and maltase) are transformed into maltose and 
glucose, and then by the action of the zymase contained in yeast-cells (species 
ScLCcharomyces, see pp. Ill and 121) the glucose is transformed, to the extent 
of 95 per cent., into alcohol and CO 23 with evolution of heat. 

The treatment of the starchy materials is carried out as follows ; the 
starch is obtained from various prime economic materials, namely, maize 
(especially in Italy, Hungary, and America), potatoes (Germany, Prance, 
England, and Russia ; attempts to introduce the potato industry into Italy 
have as yet come to nothing) ; cereals (Russia and England) ; rice (England, 
Japan, Ohina, Italy). 

There are two practical processes : (1) the action of dilute mineral acids 
in the hot, and (2) the action of certain hydrolytic enzymes (like diastase 
contained in rmlt). 

( 1 ) Tramforrmtion of starch hy dilv;te acids. In tins transtormation, starch yields 
glucose almost quantitatively : {CeHiQOs)^ (starch) + nQ .^0 = ^C6Hi206? ^>'^d wo shall 
deal more in detail with this process later on, in the section on Glucose. At present 
only the second process will be considered. 

( 2 ) Transformation of starch by means of enzymes. Of the enzymes, that which 
is of the most service industrially, is diastase. It is formed more especially during 
the early stages of the germination of cereals (maize, barley, &c.), and this gorminatod 
grain forms malt which is most favoured by a temperature of 45 - 55 ° in its transformation 
of starch into dextrms (amylodextrin, erythrodextrin, achroodextnn, (Ci2H2oOio)v) and 
into maltose and isomaltose, O12H22O11. 


As has been aheady mentioned (p. 113), this reaction is regulated by the 
laws of chemical equilibria, and depends especially on the temperature : 

the antitoxin with a little HCl and destroying the anti-body at 100®. So that validity can no longer bo ascribed 
to the hypothesis of Behring (1890), Xemst (1904), and Biltz, Much, and Siebert (1905), according to which the 
toxins are absorbed by the colloidal antitoxins and then destroyed. 

The toxins and antitoxins, although colloidal substances, difiuse easily and give osmotic pressures according 
to van ’t Hofl*s law. 

roxms diffuse through water and gelatine much more rapidly than antitoxins, so that a mixture of the two 
bodies can be separated into it& components- The difference in the rapidity of diffusion depends on the molecular 
magnitudes (according to E. W. Eeid, bsemoglobin has a molecular weight of 48,000). The molecular weights 
of the antitoxins would be 10 to 100 tunes as great as those of the toxins. 

The velocity of reaction of the different toxins does not depend, as Morgenroth supposed, on catalytic actions, 
hut, as Arrhenius and Madsen showed, on the temperature, and is regulated by a law deduced from thermo- 
dynamical considerations based on van ’t Hoffs laws of solutions. 

A number of otfa©r :^tors of the vitality of the organism — digestion of food, assimilation of carbon dioxide 
hy plants, development of the egg, production of alcohol during the fermentation of sugar, <S:c. — are due to 
enzymes or toxins and antitoxins, whose actions are regulated by the laws of chemical equilibria and of the 
velocity of reaction, and are perhaps not disconnected from catalytic phenomena or from reactions similar to 
or identical with those assumed by the biogen and side-chain hypotheses. 

Eurther, the recent studies of 0 Lehmann and of S. Leduc (1896) on Liquid Crystals, according to 
Winch, under certain conditions, solutions of substances can assume the foim of crystals or of cells that grow, 
multiply, ^d die, like actual organisms (see vol. i, p. 112), furnish a probable explanation of the transition from 
^ organised bodies. Thus, after what has been stated above, the entire cycle of the genesis 
comprehended, from the transformation of inorganic substances into organic (see p. 108) and of 
rnese into organised (or living), by hypotheses based on scientific facts. It still remains, however, to explain 
the origm of the morganic world, terrestrial and extra-terrestrial, the answer of science being that, in accordance 
Bavoisier*s law, noting is created and nothing destroyed, so that the inorganic world has always existed 
riftf eternal also is its continuous evolution. This is the actual limit of human knowledge, which, 

i-rv cannot explain the infimte and the eternal. And no metaphysical philosophy has succeeded 

^ eternity, since it is not a plausible or even rational explanation to refer 

world to a hypothetical, abstract, supernatural being who created everything from 

^ fundamental Jaws of positive science, the first of all of these being those of the 
vonsecvaiion of mnass and of energy. 
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between 45° and 50° maltose is preferably formed, and at about 60°, 
dextrin. 

We have already noticed ho*w maltose is transformed into glucose by means 
of maltase, and how the chemical equilibriuin is displaced, by gradually trans- 
forming the glucose into alcohol by fermentation. 

Of the various malts used mdustrially, that of barley is the most active, then follow 
wheat and rye, and, finally, maize ; the last named is one-third less active than that of 
barley, but owing to its low price has practical advantages, and in Italy is the one most 
commonly used. 

In describing the industry of brewing, we shall deal in detail with the practical manu- 
facture of malt, and we would refer the reader to that section for a description of the 
preparation of maize malt, which does not differ from that of barley malt. 

As regards the use of chlorine dioxide to increase the germinative power of maize, 
as proposed by Effront, see vol. i, p. 171. 

The starchy matters forming the starting materials of the alcohol industry (cereals, 
potatoes, &c.) cannot be subjected to the action of diastase unless their starch is first 
transformed into a semi-solution (starch-paste) by treating with water or steam at a high 
temperature ; the starch-granules swell and then burst and readily assimilate water 
(potato starch at 65°, maize starch at 75°, barley starch at 80°). The materials are hence 
first steeped and ground, and then extracted with hot water, to be subjected siibse( 3 [uently 
to saccharification with malt and finally to alcoholic fermentation. 

The following Table gives the amounts of starchy and extractive matters per 100 kilos 
of various materials, together with the theoretical yields of alcohol : 



starchy and extrac- 
tive matters 

Alcohol 

Wheat . 

. 65-68 kilos , . 

32-44 kilos 

Maize 

62-67 „ 

31-33 „ 

Barley 

63-65 „ 

30-32 „ 

Rye 

66-69 „ 

34-35 „ 

Rice 

78-82 „ 

39-43 „ 

Durra 

61-64 „ 

30-32 „ 

Green potatoes 

18-20 „ 

10-12 „ 

Dry potatoes . 

68-70 „ 

34-35 „ 


In washed potatoes the starch is calculated from their specific gravity (vol. i, pp. 72 
and 107).i 

In cereals and potatoes the content of starch can be determined as follows : 200 gnns. 
of potatoes (75 grms. of ground cereal) are heated in a flask with 600 c.c. of water and 
10 C.C. of hydrochloric acid (sp. gr. 1*2 = 4*7 grms. HQ) for ten hours at 90°, the volume 
made up to 1 litre and 3-5 grms. of HCl neutralised with caustic soda (leaving 1 grm. 
free) ; the whole is poured into a larger flask, a few grammes of heer-yeast being added 
and the flask kept at 25° for 2 or 3 days until the fermentation is over, when half of the 


— 

Specific 
gravity of 
potatoes 

Per 

cent, of 
starch 

Specific 
gravity of 
potatoes 

Per 

cent, of 
starch 

Specific 
gravity of 
potatoes 

Per 

cent, of 
starch 

Specific 
gravity of 
potatoes 

Per 

cent, of 
starch 

; 

1*070 

11*5 

1*088 

15 6 

1*106 

19 4 

1125 

23 5 

1*072 

11*9 

1-090 

16 0 

1*108 

19 9 

1*127 

24*0 

1*074 

12*5 

1-092 

16 4 

1*110 

20 3 

1*129 

24*5 

1-077 

13*1 

1*094 

16 9 

1*113 

20-9 

i 1*134 

25*5 

1*079 

13*7 

1*097 

. 17*5 

110L5 

21-4 

1-139 

26*5 

1-081 

14*1 

1*099 

17 9 

1*118 

22*0 

1-144 

27-6 

1*083 

14-5 

1101 

18 4 

1-120 

22*5 

1-149 

28-7 

1*085 

14*9 

1-103 

18-8 

1-122 

22-9 

1-150 

28-9 


<To 15 per cent, of starch corresponds 20*8 p®c cent, of dry naatter in fee potato ; to 20 per'cent . of starch 
25 S per cent, of dry matter ; and to 25 per cent- of starch 80 8 par cent, of dry matter). 
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liq^uid is distilled and the alcohol estimated in the distiUate by means of the specific gravity. 
lOO kilos of starch yield praotioally e3-6 litres of alcohol.^ i * i • i 

The fresh potatoes are ryashed free from stones and earth m an Eckert mechanical 
washer (Fig. 103), passing first into a rotating sieve, E, which amoves the stones and, 
by means ^f the bkdes, F, carries the potatoes into the tank, A through which water 
flows and in which they are stirred by the vanes, C, fixed to a rotating axis , the latter 
is inclined in such a way that the potatoes are gradually forced to the far end of the tank 
where a rotating disc, furnished with perforated Wades, collects them and removes them 
from the tank. Ai elevator raises them to the opening of a Panksch improved form 
of the conical Henze autoclave (Fig. 104), which is made of sheet-iron, has a volume of 
2500-3000 litres, and takes about 1600-3000 kilos of potatoes ; in this they are treated 
for an hour or more with steam at 2-5 to 3-5 atmos. pressure. Such an apparatus can 
also be used for treating maize and other cereals, and gives a much denser wort than was 
previously obtained when steam at 100“ was used ; in adAtion, it efiects a hotter dis- 
solution of the starch, and is of advantage to manufacturers in countries where the alcohol 
tax is based on the volume of wort fermented (or of the fermenting vats). The steam is 
passed in at the top by the tube h, and is distributed uniformly over the mtcrior by means 
^ of a perforated pipe (shown dotted 

at c), the tap, g, at the bottom 
being left open to discharge the 
condensed water. When the whole 
mass is hot, steam begins to issue 
from this tap and drives out all 
the air. The tap is then shut, and 
the pressure, shown by the mano- 
meter, e, soon rises to 3 atmos. 
After about 45 minutes at this 
pressure (temperature 135®), the 
conversion is complete. With 
damaged or frozen potatoes, the 
steam is allowed to issue for an 
hour from the tap, g, before raising 
the pressure, and steam is then passed in by the pipe V as well. A pressure higher 
than 3 atmos. turns the mass brown, owing to the caramelisation of the maltose. To 
discharge the apparatus, the pressure is maintamed at its maximum and connection 
made with the discharge pipe, i, by opening the valve, h. At the bottom of the cone, 
just above h is o, horizontal disc of cutting grids, through which the whole of the mass 
is forced by the steam -pressure and thus converted into a paste ; the pipe i carries 



Eio. 103. 


2 Witte (1904) gives the following improved modification of the Baumert and Bode method for estimating 
the starch in cereals : 1-2 grms. of the meal, sieved and mixed to a paste with water, are heated with 60-70 c c. 
of water under 4 atmos. pressure (145'’) in a Lintuer bottle or other vessel for two hours — m an oil-bath. After 
being allowed to cool partially, the whole is introduced into a flask and boiled for 10 minutes with a few grams 
of Jsinc. When cool, the liquid is made up to a volume of 500 c.c. and filtered through a thin layer of asbestos. 
To 50 c.c. of the filtrate are added 5 c.c. of 10 per cent, caustic soda solution, about 1 grm. of shredded asbestos 
and lOO c.c. of 96 per cent, alcohol ; the whole is well shaken and then allowed to settle, when the liquid is 
decanted through an asbestos filter-tube (Allihn) ; the deposit is also washed on to the filter with 40 c.c. of 60 per 
cent, alcohol, and is washed successively with 40 c.c of 60 per cent, alcohol, a mixture of 25 o.c, 96 per cent, alcohol, 
10 c.c, of water, and 5 c.c. of 10 per cent. Hd, a further 40 c.c. of 60 per cent, alcohol, 25 o.c. 96 per cent, alcohol, and 
finally with a little ether. After being well pumped off, the tube with the starch is dried at 120® m a current of 
dry air for twenty minutes, csooled, and weighed. By heating the tube to redness in a current of air the starch is 
burnt away, and its weight, when cool, subtracted from the original weight, leaves that of the starch corresponding 
With 66 c.c, of the solution ; mnltiplii^tion by 10 gives the amount of starch m the meal originally weighed out. 

' WTifin starch is to be determined in materials free from cellulose, dextrin, and other substances which give 
reducing substances (pentoses, <&:c.) with acids, the following method (Miircker and Morgen) should be used : 
3 gnus, of the substance, mixed with 200 c.c. of hot water, are treated with 15 c c. of hydrochloric acid (sp. gr. 
1*125) for 2i hours in a flask immersed in a boiling water-bath and fitted with a simple reflux tube 1 metre in 
length The cooled liquid is akmst neutralised with caustic soda (it must be left faintly acid) and made up to 
500 c c., the amount of ^ueose in 25 c c. being then determined by means of Behling^s solution (see p. i86). The 
quantity of starch is obtained by multiplying the amoimt of glucose by 0*9. 

For spirit manufacture, where all materials giving fermentable substances are of importance, the new method 
given by Eemke is employed : 3 grms. of the amylaceous material is heated in a Lmtner bottle with 80 c.c. of 
water and 25 c.c. of 1 per cent, lactic acid solution for two hours at 136“. The liquid is then cooled to 70-80®, 
shaken with 60 c.c of hot water, cooled to the ordinary tempeiatur^, made np to 250 c.c., shaken several times 
during the course of Imlf an hour, and filtered. 200 c.c. of the filtrate are heated with 15 c.c. of hydrochloric 
add (ip. gr. 1*125) for two hours in a reflux apparatus immersed in a boiling water-bath. The cooled liquid is 
parlj^neutnaised and made up to' a volume of 500 c.a, 25 c.c being then titrated with Behlmg’s solution, as 
idiove. 



CONVERTERS 


11 ^ 


to 


the wort vessels, where suitable stirrers complete the 


it to the coolers and then 
gelatinisation of the mass. 

In order to avoid danger of explosion, the Henze autoclaves should be tested once a 
year to ascertain if they are capable of withstand- 
ing the pressure employed, since they may become 
weakened at rusted parts. 

Maize, rice, and cereals are also treated in the 
Henze apparatus, but with the addition of 110-140 
kilos of water per 100 kilos of cereals, since these 
contain less water (15 per cent.) than potatoes (75 
per cent. ), and without the water the desued fluidity 
of the starch would not be obtained. The volume 
of the autoclave is 350 litres per 100 kilos of maize. 

If a pressure of 5 atmos. cannot be easily attained 
in the autoclave, instead of using the whole grain, 
it is better to crush or grind it coarsely and then 
introduce it into the necessary quantity of boding 
water in the autoclave. During the boiling, the 
maize should be kept in continual motion by steam- 
jets at the bottom and along the autoclave, or by 
an air- jet at the bottom with an outlet at the top, 
so that a spiral motion is imparted to the mass 
(Fig. 105). Only rarely are mechanical stirrers 
employed inside the autoclave. After an hour’s 
heating the pressure reaches 2i atmos. and is 
raised to 3 atmos. in another hour. The mass is 
then discharged in the usual way. 

Maize that is too dry is steeped in water for a day before boiling. 

Maize always contains a flttle ready formed sugar (1*7 to 10 per cent.), and this must 
be allowed for in calculating the yield and also in order to avoid a too protracted heating. 



Fig. 104. 



Fig. 105. Fig. 106. 


which caramelises the wort and injures it by decomposing the large proportions of fat 
present. 

Saccharification is effected by means of malt (2*5 to 3 per cent, on the weight of maize) 
added to the starchy mass at a concentration of about 14° Be. and cooled to about 
50° ; if it is too cold, it coagulates and the diastase acts irregularly ; at 35-40° the lactic 
fermentation readily takes place ; above 65° to 70° the diastase is altered and rendered less 
active, dextrin being then formed in preference to maltose. The paste from the Henze 
autoclave is cooled in various ways, e,g. with Ellenberg’s apparatus (Figs. 106 and 107), 
in which it is dropped from the top of a pipe into a vessel similar to the Hollanders 
used in paper factories (see Paper), where it is mixed, cooled, and broken up by a rotating 
drum, T, fitted with knives which graze other knives fixed to an inclined plate, d, at the 
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bottom of the vessel ; the dimm makes 200 revolutions per minute ; above the pipe by 
which the paste enters is a Korting injector, e, which produces a strong current of air 
and thus facilitates the cooluig of the paste'during its fall. 

At the present time preference is given to apparatus with centrifugal stirrers, the 
cooling and also the saccharification bemg carried out in these. Fig. 108 shows the 

Hentschel apparatus. The hot starch-paste 
from the Henze converter passes through the 
pipe h into the vessel A, where it is cooled 
by water flowing from m to ^ through an 
mternal coil ; the mass is mixed by means of 
a kind of screw, B, rotated by bevel-wheels 
outside the vessel and the air-draught is pro- 
duced by the Korting injector, r. Fig. 109 
shows a section of the Pauksch masher, in 
which the cooling is effected by means of water 
circulatmg through the jacket, C, surrounding 
the vessel, the liquid being mixed by four 
blades, p, which are rapidly rotated (300 revolutions per minute) by the pulley, 8, and, 
as they graze the bottom of the vessel, have also a grinding action. A battery of Henze 
autoclaves is sometimes used in conjunction with one masher. 

Since, during this saccharification, which may last three or four hours (and is complete 
when a test of the liquid, now very fluid, no longer gives the blue starch reaction with 
iodine solution), the mass may become infected with extraneous bacteria, which may 
have a harmful influence during the alcoholic fermentation of the wort, it is usually heated 





Fig. 108. Era. 109. 

for a few minutes at 70-75'^ to kill these germs. This procedure has, however, the 
disadvantage of destroying the diastase, which can always play a *part during the 
fermentation, and of increasing the quantity of dextrin. 

In the Effront process {see lender), the fermentation is carried out in presence of hydro- 
fluoric acid, which kills afl the bacteria but not the enzymes (previously acclimatised to 
the hydrofluoric acid), so that the saccharification can be effected at the most favourable 
temperature (55®) without subsequently heating to 75°. 

As soon as the saccharification is terminated, the wort should be cooled to about 20°, 
and the fermentation started. This cooling may be accomplished in the masher, with 
smtSible internal coolers (Fig. 108), but it is better done in appropriate apparatus, 
i Oneiorm of horizontal, Hentschel refrigerator is showri in Fig. 111. The horizontal 
totatang axis (40-50 tumft^ per minute) is formed of a tube, to which is fastened a 
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deep screw and in ‘wliicii cold water crrcnlates from Th to h. The screw moves in a horizontal 
cylinder through which the hot wort is forced by the screw in a direction (b to f) opposite 
to that taken by the water ; the 
temperature of the wort at the 
outlet, /, is controlled by regu- 
latmg the flow of wort and 
water, and, if necessary, by spray- 
ing the exterior of the cylin- 
der with water by means of the 
tube 1. With 700 e.c. of water, 
a litre of wort is cooled from 60° 
to 16°. 

To separate the solid residue, 
husks, &c. {grains), from the wort, 
the latter is filtered cold through 
dehuskers, which have different 
forms, some fixed and some re- 
volving. The most recent Pauksch 
type consists of a kind of centri- 
fuge (hydro -extractor) with a fine 
copper gauze basket, almost like 
the centrifuges used in sugar fac- 
tories {see Sugar). 

Brewers and distillers often 
use also the Hentschel dehusker 
(Pig. 112 and 113), consisting 
simply of a rotating dram, with HO, 

a spiral of metal gauze, which 

carries the dramed grains to the middle and discharges it in cakes through doors which 
close automatically ; the liquid flows to the bottom and passes to the fermenting vessels. 


niitip 
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cell-wall, &c. In spirit distilleries, a mixture of two varieties of yeast (top- and bottom- 
veasls) IS used, these being of the same race but not interconvertible ; often top -yeast is 
preferred, as it is more active, whilst in lager-beer breweries, where the fermentation 

is slow, bottom-jeast is mostly used. 

The final result of the decomposition of maltose by yeast can be expressod. thus : 
C12H02OU + H2O - 4C2H5.OH -h 4CO2 ; 



Fig. 114. 

(a) Acetic bacteria (&) Lactic bacteria (c) Butyric bacteria 


actually, however, the maltose and dextrin formed from the starch are transformed into 
glucose* lay the action of the maltase contained in the ferment along with the zymase, 
the latter then converting 95 per cent, of the glucose into alcohol and carbon dioxide 



Fig. 115. 


with the development of heat (if the glucose were transformed completely into H 2 O + 002 » 
the evolution of heat would be seven times as great) : 

CsHiaOg (glucose) == 2 C 2 H 5 .OH 4- 200^ + 33,000 cals. 



Fig. 116. Fig. 117. 


A small part of the sugar serves for the growth and multiplication of the 
yeast (Pasteur), about 3 per cent, of it is converted into glycerol,^ about 
0'5 per cent, into succinic acid, and the remainder into higher alcohols forming 
fusel Ml, this consisting mostly of amyl alcohol (CgHn'OH, isobutylcarbinol), 
with small proportions of isopropyl alcohoh fcutyl alcohols, and esters. Ehrlich 

^ rbe formation of glycerol during fermentation has aapt yet been esjilained ; it is thought tliat it forms a 
direct secondary product from the decomposition of the sugar mto alcohol and CO^, or that it results from the 
i^on of lipase on the fats and oils of the ferment cells ; Buchner (1906) holds that it is fomed from tl|e sugar 
but hyia special process ; Beisch (1907), however, finds no relation between the amounts of alcohol and glycerol 
fotmeh' and hence regards it not as a product of fermentation, but rather as a metabolic product of the yeast. 
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(1909) has sho\ra, however, that fusel oil and succinic acid are formed by the 
decomposition of the amino-acids which constitute the cells of the ferment. 
The theoretical jdelds of pure alcohol from various sugars are as follow : 

100 grms. of saccharose CigHagOji — 5T11 grms. or 64*6 c.c. of alcohol 


„ maltose 


5M1 

j j 

64-6 

,, starch 

(CQHjo 05 )y 

56-80 

j? 

71-8 

glucose 

CeH^^Oe - 

48-67 


61-6 


Various sugars, however, do not ferment directly (saccharose, lactose, &c.), 
but must first be inverted, that is, transformed into hexoses (fermentable 
sugars with six carbon atoms), but ordinary alcohofic ferments (saccharo- 
mycetes) contain the inverting enzymes (besides zymase) and hence can effect 
inversion and then fermentation.^ 


The fermentation industries in general, and the alcohol industry in particular, have 
made marked progress since the introduction of pure ferments. The cultivation of pure 



Tig. 118. Fig. 120. Fig. 121. 


ferments has at the present time become a special industry of great importance ; all 
precautions are taken to select and cultivate well-defined races of ferments, and this is 
especially owing to Hansen of Copenhagen, who, hy thirty years of study and experiment, 
showed the great practical value of the selection of yeasts. The first pure culture is 
made in a moist chamber of glass, c (Fig. 119), fixed on a microscope slide, a ; the whole 
is sterilised, either by a fiame or by heating for two hours m an oven at 150°. Sterilised 
water is placed on the bottom of the chamber to keep the atmosphere moist, and the 
chamber placed m an incubator at 30° to 36°, The bacterial culture is developed in a drop 
of gelatine, 5, adhering to the lower side of the cover-glass covering the chamber. 

The culture of pure ferments can also be carried out in Chamberland flasks of 30 e.c. 
capacity (Fig. 120), half filled with nutrient gelatine and fermentable substances, and 
covered with a glass cap full of sterilised cotton-wool. 

The more or less pure ferment which it is desired to ctiltivate is introduced by means 
of a sterile platinum wire into a flask containing sterile water, which is well mixed and 
should become just turbid. A drop of this water is then examined under the microscope 
in order to ascertain the number of cells of the ferment it contains. By means of a 
platinum wire sterilised in a flame, a drop of the water is introduced into a diamberland 

^ According to Boysen-Jensm (1909) tlie of alcoholic fmiaents is constituted of two : deairam 

and ^fd^oxifacetoneiset glucose first forming 2 mols. of OH* CHa* 00 * CH*- OH which to a 

small extent can he fixed in the form of oxime or hydrazone see)hy means of hydrocWonde 

or metehylphenylhydrazine acetate ; the dihydroxyacetonase then decompoSiiDg dihiydroxyiacetone into 2COa 
and ^HsOH. The dexforase alone would giie direddy alcohol and OOt A glyoexol were added to the solution 
of gludose. With zymase (which contains dihydaroxyacetohase), puire djhydroxyacetone gives alcohol and COg, 
whUst with oxydase it gives only OO^. 
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flask cojitaining Uquefled gelatine at 36°. After the latter has been well shaken, a drop 
of tt gelatine^ Lmined microscopically on a glass micrometer (marked wth crossed 
lines) to see that there are not too many cr too few ceUs present, since the colonies that 
ultimately develop from the single eeUs should develop sufficiently far apart from one 
another not to mingle. Of this inoculated gelatine, one or more droP® placed on the 
cover-glass of the moist chamber, this being kept under a bell-jar until the gelatine has 
soHdifled and then placed, upside down, in the chamber, a thermostat at » the 
ferments are usually sufficiently developed after two or tee days and the various colonies 
are then examined under the microscope to ascertain if one or more of them are pure, 
that is, constituted of similar cells of one and the same ferment. Each of the pure colonies 
is touched separately with a small piece of sterilised platinum wire, w ic is ® y 

dropped into a Pasteur flask (125 c.c.) charged to the extent of two-thirds with gelatoe 
and nutritive substances (Pig. 121), the rubber tube bemg momentarily removed. The 
flask is at once closed again, and is then kept in a thermostat at 25 to 28 . 2 days 

the liquid will be in a state of active 
fermentation, a large quantity of the 
■' ^ A ferment having been formed. Each 

(l represents a pure 

culture (provided that the proper 
precautions have been taken in the 

S -— i I inoculation). All the cultures arc, 

I ^ however, examined, one or two drops 

I from each flask being observed under 

^ the microscope. 

^ ^ j A These pure yeasts or other pure 

ferments are largely used by brewers 
I i distillers, who have ferments 

I W r| suited to their needs selected and 

I jj I' I preserved by scientific institutions, 

^ Nil which cultures in Pasteur 

, ^ — flasks are despatched to thorn when 

Pig. 122. organisms in their own ferment- 

ing vessels begin to degenerate or 
become contaminated. In Pig. 122 is shown diagrammatically an apparatus for 
the industrial preparation of selected ferments ; the metal reservoir, C, provided 
with a safety-valve, q, and a manometer, r, is filled, by means of the pump, 
with air jflltered through a cotton-wool jBlter, t, and compressed under a pressure 
of 3 to 4 atmos. The vessel. A, is first sterilised with steam under pressure, which 
enters at the tap, /, whilst the air is driven out through the tube, h, dipping into a 
vessel of mercury forming a seal. When the cock, /, is shut, g is opened so as to 
allow air to filter through d into A, Hot wort is introduced into the reservoir, A, 
heated to boiling and then cooled by means of a water-spray issuing from an annular 
tube, e, and bathing the outside of A. The fermenting vessel, J5, which is sterilised in the 
same way as A, is also furnished with a cotton-wool filter, li, and a hydraulically sealed 
tube, i p, through wMch the COg is to escape ; the glass tube, 0, which is a continua- 
tion of the filter, indicates the level of the liquid inside the vessel. It is further provided 
with a vertical stirrer which is set in motion by the handle, h, and serves to mix the wort 


and yeast which are introduced through the small tap, 1. A slight air -pressure is main- 
tained in both A and B in order to prevent external contaminated air from entering 
either when the discharge-cock, m, for the fermented wort is opened or through any leaks 
there may he in the apparatus. In this way B can be used for a year or more without 
contamination taking place, a little residual yeast being left after each operation to ferment 
the succeeding charge of wort. The sterile wort, cooled to 15*^, is passed from A into 
B by mems of the tube, a n, and before it reaches the level of the tap, Z, the pure yeast 
contained in a Pasteur flask is introduced through this tap ; B is filled to the extent of 
about three-fourths (about 200 litres) with the wort from A, the whole being then well 
mixed. When the fermentation is ended (in three or four days with worts for alcohol 
production, or in 8 to 10 days for beer worts), the yeast is allowed to deposit ; the 
fermented wort is discharged from m by increasing the^ pressure of the air and, when it 
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begins to issue turbid (owing to suspended j east), m, is closed and about 30 litres of wort 
introduced from and well mixed in, 30 litres of the turbid yeasty liquid being then 
run oft’ from B, this amount being sufficient to induce fermentation in 40 heetols. of 
wort m the ordinary fermenting vessels ; a further quantity of 30 litres of wort is then 
run in from A and, after mixing, another 30 litres of yeasty wort drawn off. That 
remainmg m B serves for the next operation. This is the procedure adopted in large 
breweries and distilleries ; whilst in yeast-factories the wort is prepared from barley 
and rye under the action of malt for an hour at 60° and for about 24 hours at 40° to 
44 m order to produce about 1 per cent, of lactic acid, which peptonises the proteins 
and so affords better nutriment for the yeast, the action being completed by the addition 
of 10 grms, of sodium or ammonium phosphate per hectolitre of wort. The wort is then 
fermented as above at 18° to 20°, 
and the yeast, which is formed m 
large quantity, is washed with water 
by decantation, freed from excess of 
water in centrifuges or filter-presses 
and made mto a paste with 5 to 10 
per cent, of potato -starch, forming 
cakes which are sold under the 
name of pressed yeast at about 
£3 125. per qumtal (220 lb.). 100 

kilos of rye yield 16 kilos of yeast. 

In Germany more than 210,000 
quintals of pressed yeast are pro- 
duced annually, and 10,000 to 
13,000 qumtals exported ; in ftve 
factories alone more than 110,000 
quintals were made in 1909. In 
Italy, 1361 quintals were imported 
in 1905 2000 in 1906 ,* 3500 in 1907 ; 

4500 m 1908 ; in 1909, 5300^ quin- 
tals, of the total value of £21,700 
(mcluding 2000 quintals of diamalt 
or liquid malt worth £10,700) ,* and 
in 1910, 4750 quintals, including 
1137 of diamalt. Certain of the 
Trench factories export as much as 
30 or 40 qumtals of pressed yeast per ^ air-fUter 

day. In Austria, the law of May 18, 

1910, regulates the trade in yeast so as to prevent adrdteration and mixture.^ In Trance 
and latterly in Italy, industrial spirit distillers are making use of the Jacquemin apparatus 
(Tig. 123) for the preparation of pure yeast cultures. The peptonised wort is prepared 
as described above, and the sterilised air, compressed by the pump A, passes through a 
filter of cotton-wool moistened with mercuric chloride, J, into a battery of vessels, G, the 
first and third of which are empty, whilst 8 contains sulphuric acid and n soda solution ; 

1 Yeast Manufia-cture. Kot only m Austria, but also in Geimany, tbe yeast industry has lately assumed 
great importance, especially in spirit factories. It has given rise to special legislation and has led to the 
formation of powerful syndicates to regulate prices and production. The largest consumers are the bakers. 

At one tune, with a yield of 30 to 32 per cent, of alcohol on the weight of cereal used, the amount 
of yeast obtained was 12 to 14 per cent.^ During recent years a marked increase has been effected in the quantity 
of yeast (up to 20 per cent.), the yiel^ of alcohol being diminished by vigorous aeration of tbe wort during fer- 
mentation (30 to 40 cu. metres of air per hour for every 100 kilos of cereals converted mto wort). By the new 
Bfoasch process the yield of yeast can be raised to 40 per cent, and that of alcohol lowered to 15 per cent, (undear 
some conditions of the market the production of yeast is more remunerative than that of alcohol). The value 
of yeast in Grermany is calculated at about £3 16s, to £4 per quintal, and some factories produce as much as 
5000 to 10,000 quintals per annum ; the alcohol is valued at £1 8s. per hectohtre. 

In the old Vtmna process, worts of 10° to 20® Ballmg (or even heavier) were fermented by means of yeasts pre- 
pared with worts rich in lactic acid (100 e.c. of this wort should require 12 to lic.c, of normal sodium hydroxide 
solution for neutralisation). When the fermentation was complete, the yeast was collected by means of ladles 
and despatched along channels into vats, where its activity was arrested with cold water. After this, it was 
shaken on silk sieves, which retained all the husks mr grains ; the yeast passing ftirou^ the sieves was washed 
two or three times with wat® and, after settling, pressed into cakes, in 1887-18»0 all yeast fiactories worked 
on this plan, but nowadays only few of them do so. 

The Twuo aeration proms starts from clear wort and green malt (non-Mlned), The cereals for preparing the 
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the empty vessels serve as safeguards, m case the liquids are sucked baokTOrds. Tho 
air sterilised in this way passes along suitable pipes to all tho liennentiiig 
B B' G G' D Bhi two -thirds filled witii the peptomsed wort (20 to 30 liiies), wiiicn is 
boiled for a few minutes by steam entering through b and then cooled by passing a vigorous 
current of air through the wort and by an annular spray of water applied to the outside 
of the vessel B by the tube e* When the temperature has fallen to 20 , the contents 
of a Pasteur flask of pure yeast are introduced through the tube a, and the fermentation 
allowed to proceed for 24 hours ; in the meantime, wort sterilised and cooled to 20^ is 
prepared in ; a little of the yeast is then passed from B through the tube ^ to 
the remainder bemg discharged, by the three-way cock, t, into the larger vessel, (7, which 
contains steriHsed wort (250 to 300 litres). When the^ fermentation has reached an 
advanced stage (a definite aUmuat%o% ; see later), the wort is (hscharged through tho tube r 
into D, which also contains sterilised wort, and that remaining on the bottom of 6 is 
forced by compressed air into the vessel O', previonsly charged with sterile wort. 

It will be seen that, by this procedure, the working is continuous, and the yeast is 
rerlewed only once or twice per month. The yeast may then be separated from D and 
pressed, or the actively fermenting wort (5 to 6 hectols.) may he used to induce fermenta- 
tion in the factory vats containing ordinary wort. 

The selected yeasts are controUed practicaUy, by measuring their fermentative activity 
and by determining the concentration with the microscope and cell-coTinters, note being 
taken of extraneous organisms. 

Pressed yeast in cakes keeps for several days if well wrapped in paper and placed in 
tightly closed boxes in a cool room ; otherwise it soon becomes covered with mould and 
unusable. When the stock of yeast is larger than is required, it can be dried at a cost 
of a shilling per quintal and sold as a good cattle food. To prevent secondary fermenta- 
tions from taking place, instead of the lactic acid fermentation, during the preparation 
of selected yeasts, Biicheler (Ger. Pat. 123,437) suggests the addition of 180 c.c. of 
concentrated sulphuric acid to every hectolitre of wort ; the process yields excellent 
results in practice, notwithstanding the disputing of the patent from 1900 to 1909, owing 
to the fact that a similar patent (hTo. 3885) was granted in Austria to Bauer in 1900, 

FACTORS WHICH FACILITATE OR RETARD FERMENTATION. Alcoholic 
fermentation may be hindered by various factors. Very concentrated sugar solutions 
do not ferment, whilst with a concentration of 70 per cent., only 6 per cent, of tho sugar 
is converted into alcohol j with a strength of 60 per cent., 25 per cent, is transformed, 
and when the concentration is 30 per cent, it is possible, although not without difficulty, 
to convert 92 per cent, of the sugar into alcohol. 

Temperature has also a very marked influence on alcoholic fermentation, and at 0® 
or at 60^ it ceases completely ; later we shall see at what temperature the process takes 
place most regularly from the point of view of the industrial yield. 

Alcohol, although a product of fermentation, when it reaches a certain concentration, 
may prevent further fermentation. And this anti-fermentativo action of tho alcohols is, 
to some extent, proportional .to their molecular weights. Thus the fermentation of 
glucose can be arrested by 20 per cent, of methyl alcohol, 16 per cent, of ethyl alcohol, 
10 per cent, of propyl alcohol, 2*5 per cent, of butyl alcohol, 1 per cent, of amyl alcohol, 
and. 0*1 per cent, of capryl alcohol. 


nftash and tten tbe wort are no longer giound, but are softened with water and then crushad. The mmhing of 
tiie green malt is carried out in. a medium slighfely acidified with sulphuric acid, the lactic ferment (Baeillus 
n^riichh) being allowed to act, after the diastase, for several hours at to 50°. When the desired acidity in 
reached, further acidification is prevented by heating the whole mass to 68° to 70° (the total amount of sulphuric 
and lactic acids, without CO^, corresponds with 5 c c. of normal fTaOH per 100 c.c. of wort). The concentration 
of the wort used was at one tme 12'' to 14° BaJIing, but at the present time 10° Bailing is preferred. Tho tempera- 
ture of fermentation is about 25®. If the acidity of the wort is less than 2 c.c. of normal soda per lOO c.c., tho 
yeast obtained is flocculent and separates badly. The separation of the yeast is now effected thoroughly and 
rapidly in centrifugfs- The fermentation is started by adding to the wort 4 to 5 per cent, of yeast (cal culated on tho 
weight of cereals used) and is finished m 10 to 12 hours ; the yield of 4=0 per cent, (on the weight of cereals) of 
yeast is in addition to the amount added (5 percent.). The yeast cultures should be renewed occasionally. 

The fermented wort is feebly alcoholic (less than 1 per cent, of alcohol), so that the distillation and rectifica- 
tion necessary to obtain 90 bo 95 per cent, alcohol are very expensive j furtiier, the alcohol is not of good quality 
and is hence only suitable for denaturing. The diminished yield of alcohol is due partly to loss of tho alcohol 
earned away by the large volumes of air passed through the wort and partly to destruction of maltose bj' ferments 
or developing in presence of excess of aur. The less the amount of air used, tho greater is the amount 

of obtained. 

, to eoutxol of the purity of the yeast, account most be taken of tlie extraneous ferments, of the quantity 
of staxdiiy sRt^'lanc^ (wiien starch is not added this does not reach 4 per cent.) and of the femaentativ© activity. 
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ANTISEPTICS, in general, prevent fermentation when they are present m relatively 
great concentrations ; they may, if their dilution is great, exert a favourable mfluence 
on fermentation.^ 

However, since the favourable action exhibited by these solutions depends on the 
quantity of yeast present and that of the antiseptic dissolved, it is possible, when the 
quantity of yeast is large, that solutions more concentrated than those indicated in 
column (B) may produce favourable effects on the fermentation. It is unnecessary to 
state that these concentrations vary somewhat with the nature of the organisms. It 
has been shown recently (1910), for example, that Staphylococcus pyogenes aureus resists 
a 2*7 per cent, solution of mercuric chloride for six hours. 

The organic acids also exert an unfavourable influence on alcoholic fermentation,^ 
whilst, within certain limits, lactic and formic acids and formaldehyde have a beneficial 
action, since they prevent the development of harmful bacteria and are readily tolerated 
by alcoholic ferments specially acclimatised to their action. By adding small quantities 
of formaldehyde and of sterihsed milk (which then gives lactic acid), the yield of 
alcohol has recently been increased by as much as 2 per cent. E. Soncini (1910) has 
shown that the course of fermentation m general is closely connected with the chemical 
medium in which it takes place ; thus, m a saccharme wort (from bananas), the lactic 
fermentation first develops spontaneously and proceeds until the lactic acidity reaches a 
certain limiting amount ; this may be followed by alcoholic fermentation, which, in its 
turn, may be succeeded by the acetic fermentation ; the lactic fermentation may ulti- 
mately begin again. It is only by considermg all these conditions that a regular alcoholic 
fermentation and a good yield of pure alcohol can be assured, since m general the secondary 
and harmful products of the fermentation (higher alcohols, such as amyl, &c.) result 
from the actions of extraneous micro-orgamsms. The carbon dioxide formed during 
fermentation may give rise to pressures as high as 12 atmos. if hermetically sealed vessels 
are used, and the action of the yeast is then retarded or even arrested. 

PRACTICE OF FERMENTATION. To start the fermentation of the worts pre- 
pared as described above, various methods are used : in some cases a portion of old, 
fermented wort from a preceding operation is employed ; but this is not a rational method, 
because the yeast in the old wort is in a condition unfavourable to development and is 
also contaminated with other micro-organisms which would develop readily m the new 
wort. To be preferred is the custom followed by certain distilleries of starting the fer- 
mentation with brewery yeast, which is cheap and comparatively pure. The best and 
most rational method is, however, the use of selected yeast in culture wort or in a pressed 
condition {see above), as supplied by various firms and institutions which guarantee its 
purity. By this means alone it has been possible during the past few years to increase 
the mean yield of alcohol in distilleries by 0*5 per cent, or even 1 per cent., and at the 
same time to improve the quality of the product. 

It is advisable to ferment worts as soon as they are prepared and cooled to 15° to 20°, 
delay resulting in contamination with heterogeneous germs always present in the air. 

To avoid secondary fermentations as far as is possible, addition is often made to the 


Thus, for example : 


Mercuric chloride . 

Potassium permanganate 

Bromine 

Thymol 

Salicylic acid 

Phenol 

Sulphuric acid 
Boric acid . 


(A) The mwst dilvle solution 
capable of prewnting 
fermentation is : 



1 in 20,000 



„ 10,000 



„ 4,000 



„ 3,000 



„ 1,000 



„ 200 



„ 100 



„ 25 



(B) The most cancerdrated 
solution capable of 
favouring fermentation is : 

1 in 300,000 
„ 100,000 
„ 50,000 

20,000 
„ 6,000 
„ 1,000 
„ 10,000 
,, 3,000 


The action of some of the commoner acids is as follows : 


Acetic acid 
Pormic „ 
Propionic acid 
Valerie „ 
Butyric „ 
Caproic „ 


Dose that retards 
alcoholic fmnentation 



0*50 % 



0 20 % 



0*16 % 



0*10 % 



0*06 % 



— 



Dose that arrests 
alcoholic femimtafcion 
1*0 % 

0*30% 

0*30% 

0*15% 

0*10 % 

0*05% 



128 ORGANIC CHEMISTRY 

wort of antiseptics, to which the selected yeasts have been habituated. Thus, small 
proportions of calcium bisulphite or, better, of ammonium or aluminium huoride arc 
added, the hydrofluoric acid— liberated under the action of the acids formed in the 
secondary fermentations— killing the harmful organisms. With the Efiront process, 
hydrofluoric acid (see vol. i, p. 156) is added directly m the proportion of 5 or even 10 grms.. 
per hectolitre of wort (some yeasts resist as much as 100 grms. of HE per hectolitre). 
Sometimes a selected lactic ferment {Bac%llus acidificans longissimus) is added, this also 
favouring the production of pure alcohol. 

The use of these yeasts acclimatised to the action of hydrofluoric acid renders possible 
the employment of the temperature 55° to 57° {see above) for the previous saccharification 
ot the starch by diastase, this low temperature resulting in the formation of an increased 
amount of maltose ; also if there are other noxious hving micro-organisms in the wort, 
these are killed by the hydrofluoric acid during the fermentation. 

Efiront, however, succeeded m preparing yeasts capable of fermenting also the dextrin 
with ease ; when these are used, the saccharification with diastase can be efi'ectod with 
less malt and at 64° to 65°, so that harmful micro-organisms are killed. All the apparatus, 
instruments, and vats which come into contact with the wort should be previously washed 
with dilute hydrofluoric acid solution (100 grms. per 25 litres of water). 

For every hectolitre of wort are added about 30 grms. of pressed yeast in small quantities 
mixed up with increasing quantities of wort and well stirred in ; the fermentation then 
starts immediately. 

The fermentation of the wort proceeds in three successive phases : 

(1) Preliminary fermentation, in which the yeast develops and grows, 

the most favourable temperature being 17° to 21°. ' 

(2) Principal fermentation, my^hich. the msbltose a>iid glucose are fermented, 
best at 26° to 30°. 

(3) Secondary fermentation, in which the dextrins are fermented, the 
diastase continuing to saccharify the remaining dextrins as the wort becomes 
warm, the best temperature being 25° to 27°. 

The vats, holdmg 10 to 90 hectols. and often furnished with stirrers, are^fillcd with 
wort to the extent of nine-tenths. The temperature is regulated by suitable cold-water 

coils (attemperators, Fig. 124), which 
are of various forms {see Beer). In 
general, these attemperators have a 
surface of 0*3 to 0*4 sq. metres per 
10 hectols. of wort. Fermentation is 
begun m the vats at 12° to 15°, and 
after 2 or 3 hours the temperatuic 
Fig. 124 . ^is®s ^^d the fermentation becomes 

vigorous. The liquid is then agitated 
to liberate the COg, thus diminishmg the pressure in the mass and facilitating the 
fermentation, the temperature not bemg allowed to exceed 28° to 29°. After two days, 
the prmcipal fermentation ceases and the temperature is maintained at 25° to 26° for a 
day, the fermentation being thus completed. 

Worts that are too dilute or are made from poor malt or impure grain give a boiling 
fermentation that hurls ^e liquid from the vat and renders the subsequent distillation 
difficidt. This inconvenience is avoided by using more concentrated worts and good 
yeast, or, in case of necessity, adding 100 to 200 c.c. of oil to each vat. 

Ammonium fluoride (2 to 2*5 grms. per hectohtre) or hydrofluoric acid (rather less) is 
often added to the wort before fermentation. 

LOSSES AND YIELDS. A residue of unfermented starch (0*7 to 2 per cent.) and 
dextrin (5 to 8 per cent.) always remains after fermentation. In every fermentation 2 to 
3 per cent, of glycerol are formed ; also part of the sugar serves as food for the yeast and 
part of the alcohol evaporates, this making a total of 6 to 8 per cent. 

Starting with 100 parfe of starch, 12 to 20 parts are usually lost in various ways, and 
with improper working the loss may reach 28 per cent. 

If the starch could be transformed theor^ically mto alcohol and carbon dioxide alone, 
100 kilos of starch should yield 71*6 Htres of pure alcohol ; aUowing for these losses and 
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■vrorLing undei tiie b©st conditions, 63*5 litres of alcohol are obtained ; 60 litres is a good 
yield and 58 htres a medium one, whilst 55 litres would indicate bad conditions of working. 
The mean starch-contents of many of the prime materials u.sed in the distillery are given 
on p. 117 ; that of green malt (from good barley) is 38 to 42 per cent, and that of kilned 
malt, 65 to 70 per cent. Whilst in 1883 Italian distilleries gave an average yield of 31 *5 litres 
of alcohol per quintal of maize, m the season of 1904-1905 the yield (official statistics) 
amounted to 35 litres. 

For calculating the yield, tlie exact analyses of the prime iiiateriaLs, starch and sugC/r, 
must be knm\Ti. The sugar-content of a wort is determined from the density by means 
of the Balling saccharometer modified by Brix, degrees Brix (or Balling) read at 20° 
(formerly 17*5 ) indicating directly the percentage of sugar in the solution. In worts, 
however, part of this density is due to unfermentable substances. 

As fermentation proceeds, the proportion of alcohol increcises and the density 
diminishes ; this diminution is called the degree of fermentation or attenuation. The 
density is measured before, during, and after the fermentation on the filtered wort, and 
if it filters badly it is diluted wntii a definite volume of waterA When the fermentation 
is finished and the degree of attenuation controlled, the resultant fermented wash (with 
about 9 to 11 per cent, of alcohol) is subjected to distillation and rectification in order to 
extract the alcohol and separate it from the w^ater, yeast, and other sohd and liquid 
substances* Before the distillation apparatus is described, certain, special saccharification 
and fermentation processes, which have been recently applied practically, will be considered, 

The AMYLO PROCESS (Collette or Boidin Process). This process is based on investi- 
gations of Calmette, Collette, Boidin, and others, who found that certain Mucors (moulds, 
iSee p. Ill ), isolated from impure Chinese and Japanese ferments, are capable of performmg 
the functions of both diastase and zymase, that is, of transforming starch into alcohol by 


^ J- The density, before fermentation is due to s parts of sugars -f- z parts of non-fermentable substances; 
jf the density after fermentation indicates the magnitude, z, then 3 )— s « a:. But this does not give the absolute 
attenuation, since z is altered by the presence of alcohol and carbon dioxide. If the carbon dioxide is eliminated 
by shaking and gentle heating, a density, iw, is obtained and the magnitude of (p— m) gives the so-called apparefd 
afienuctfion, (apparent because alcohol is still present) ; tjie amount of alcohol formed can be allowed for by meai s 
of a factor, a, tha-teal attemmtion being given by J. = a (p — m). The value of a is detemimed by distilling a small 

quantity of fermenting wort, and calculating the value of the expression a = 7 -— -- ; a is, however, not a 

(p — 

constant, but vanes with the nature of the sugars, with the original concentration, p. and with the stage of 
the fermentation (incipient, vigorous, or secondary). If a is known, the quantity of alcohol obtainable from a 
fermented wort of a given density can be calculated. 

The ratio between the apparent attenuation, ( 3 ? — m), and the original saccharometer reading, p, gives the 
so-caUed degree of apparent feyMentatwn (JS). If p = 25® and the density (w) of the fermented wort is 3, we have 

^ ~ 25~ ~ 0*880, which IS the degree of apparent fermentation and indicates that, of every unit of saccharine 


substances, 0 880 parts have disappeared, i.e. have been fermented. Prom the degree of apparent fermentation 

(B), the degree of apparent attenuation can, of course, be obtained : thus, « B gives p-^ = Bp ; and 

from the factor a mentioned above, the amount of alcohol resulting from such degree of apparent fermentation 
is known 

The real attenuation (A ) is determined by distiUing a certain quantity of the fermented wort until its volume 
is reduced to one-third, the residue being made up to the original volume with water and the density, n, measured ; 
the real attenuation then = p — n. But, since the residue always contains unfermented matter, in order to 
calculate the alcohol, a factor, b, is determined in the same way a& the factor, a, x.e. by distillation, of a part of 
the fermented wort ; the quantity of alcohol can then always be determined from the density of the fermented 

wort, for, since A' = (p — n) 6 , & = — ■ Similarly, the degree of real fermentation wiE be B' = which 

expresses the fraction of the extract (dissolved substance without alcohol) really fermented, the manufaeturer 
being thereby able to judge if the fermentation proceeds normally and to establish comparisons with previous 
fermentations, <fec. • 

The apparent attenuation (alcohol being present) is always greater than the real (derived after elimination 
of the alcohol) and the attenuation diyerenm, D, is obtained by subtracting one from the other, (p — m) — (p — n) — J). 
This magnitude, X>, is therefore equal to n — wand increases as the fermentation proceeds towards completion; also 
here the quantity of alcohol already formed is found by determining experimentally a factor, c, in the usual way, 

so that ~ c, OT A (n — The ratio of the apparent to the real attenuation, ” S'* gives a gw- 

ti&nt of attenvMwn which varies with the concentration of the liquid but becomes constant towards the end of 
the fermentation and shows how much the apparent fermentation is greater than the real ; by its means, almost 

all the saccharometric calculations can be made : ^ = the alcohol factor for the real attemiatioi, and if this is 
divided by q diminished by unity [%.e. by (g^l)], the factor, c, for the differmee of attenuation is obtained 

jn 

The factor, c, is used for the analysis of liquids for whioh the vn^ue of p is unknown also — == JS' {de^eeaftml 
fmri&ttdatwn). j ^ ^ 

The following illustrates a practical calculartuon. : the original saccharometric degree of a wort was p = 16-2.. 
and that after fermentatioh m * i, and that aft®: boiling » ; ikpflyh^ any one of the three factors (a, 
H o 



130 


ORGANIC CHEMISTRY 

way of maltoso and. dextrin. Of these moulds, A.7ruflofn>yccs Houxii, discovered by Calmette 
iu 1892, and the Mucors B and G discovered by Collette, Boidm, and Mousain, are of most 
importance industrially. ^ Of the first two, the forms observed under the microscope 
in different stages of development are shown in Fig. 125 (^, B, C, D, and E). 

b, and c) given in the appended Table, the apparent attenuation becomes A = (p~-m) a (where j? = 16 2, 
« = 0 4267) = 6-485S per cent, of alcohol. Calculating according to the real attenuation, A = (ji— w) 6 (where 
p = 16-2 n = 3*9, and h = 0-5274) = 6*4870 per cent, of alcohol. Lastly, calculating from the attenuation 
difference, D, A = (a— m) c (where c = 2 2350) = 6*4815 per cent. Hence the fermented wash consists of 
6*48 per cent, of alcohol, 3 9 per cent of unfermented extract (n), and 89 62 per cent of water. 

TABLE HOB CALCULATING THE ATTENUATION IN EEBMENTED WOBTS 


Saccharo- 
meter degrees 

Alcohol factors for 
the attenuation 

Factors for the 
attenuation 
difference 

Attenuation 

quotient 

c 

Values of ^ 

of the ivort 

Apparent 

Beal 

P 

a 

b 

c 

a 

6 


0*4073 

0*4993 

2*2096 

1*226 

4*4247 

7 


0*4091 

0*5020 

2*2116 

1*227 

4*4052 

8 


0*4110 

0 5047 

2-2137 

1*228 

4*3859 

9 


0*4129 

0*5074 

2*2160 

1229 

4*3668 

10 


0*4148 

0 5102 

2*2184 

1*230 

4*3478 

11 


0*4167 

0 5130 

2*2209 

1*231 

4*3289 

12 


0*4187 

0 5158 

2 2234 

1232 

4*3103 

13 


0*4206 

0 5187 

2*2262 

1233 

4*2918 

14 


0 4226 

0 5215 

2*2290 

1234 

4 2734 

15 


0*4246 

0*5245 

2*2319 

1*235 

4 2553 

16 


0*4267 

0 5274 

2*2350 

1*236 

4*2372 

17 


0 428S 

0*5304 

2*2381 

1*237 

4 2194 

18 


0 4309 

0 5334 

2*2414 

1*238 

4*2016 

19 


0*4330 

0*5365 

2*2448 

1239 

4*1840 

20 


0*4351 

0 5396 

2*2483 

1*240 

41660 

21 


0*4373 

0*5427 

2 2519 

1*241 

4*1493 

22 


0*4395 

0 5458 

2*2557 

1*242 

4*1322 

23 


1 0*4417 

0*5490 

2 2595 

1*243 

4*1152 

24 


0*4439 

0 5523 

2 2636 

1*244 

4*0983 

25 


0*4462 

0*5555 

2 2677 

1*245 

4*0816 

26 


0*4485 

0*5589 

2*2719 

1*246 

4*0650 

27 


0*4508 

0*5622 

2*2763 

1*247 

4*0485 

28 


0*4532 

0*5636 

2*2808 

1*248 

4*0322 

29 


0*4556 

0 5690 

2*2854 

1*249 

4*0100 

30 


0*4580 

0 5725 

2*2902 

1*250 

4*0000 


B. Wagner, E. Schultze, and J. Biib (1908) suggest the Zeiss immersion refractometer as a moans of detor- 
imning the attenuaiion : exact results are obtained rapidly and with a small quantity of liquid (20 to 30 c.c.). A 
little of the wort is well shaken to get rid of carhon dioxide, and filtered through ajcovercd^fllter, 5 c.c. of the 
filtrate being nsed to determine the refractometer reading. A, at a temperature of 17*6° ; cT further 20 c.c. are 
evaporated to one-half the volume in a porcelain dish to expel the alcohol, the volume being then made up exactly 
to 20 c.c. with water and the refractometer reading, B, taken. From the difference, A >-B^C, 16 (the rofracto- 
meter reading for water) is subtracted, giving B ; the corresponding alcohol degree (by volume), F, is then found 
in the following Table and can be subsequently corrected for the density of the wort : 

B : 16*2 17*5 18*8 20*1 21*4 22*8 24*2 25*6 27*1 28*6 30*1 31*7 83*3 34*9 86*4 38*0 

^ 1 ^ ^ ^ 5 6 7 8 9 10 11 12 13 14 15 16 


Among the Spphcm^ceies (moulds, p. Ill) — ^in the Mucor and Mucedince — Pasteur found certain varieties 
(Mu^ racemosm) capable of transforming sugar into alcohol and carbon dioxide when they live immersed in 
the liquid out of wnt^ of air (like the yeasts) ; in presence of air, they convert the sugar directly into water 
dioxide. These are called facuUative anaerobic organisms. In 1887 Gayon studied other varieties 
which behave similarly (Mwcor cdtemans, spmosm, and (nremeBoides), and Pnnsen Geerligs investigated Ghlamy- 
domucof om(x, which is used in Java to ferment molasses In 1892 Calmette imported from China, studied, 
and named Amy^ym B^i, the Mmor isolated from the rice-ferment used by the Cliinese (which is more 
m 1 the preparation of spirit ; later he found this Mucor in rice-husks. At Tokyo 

and^^pned practically to the saccharification of nee, Aspergillus oryzm (separated 
^ ^ mixtmm of y^ts and moulds used in Japan for producing alcoholic fermentation), 
not meet with success, owng to its action being too energetic. Boidiu, Collette, and Mousain investi- 
which IS aether Mrtcor separated &om Japanese kojf and is different from, and more important 

SS 

the special property of saccharifying starch mid of fermenting the sugar thus formed. Their 
however, influenced by the acids that they produce. Thus, Amylomym 
^ practice in 1898, was abandoned later, as it transforms rather too 

nmeh su^ into carbon dioxide and water and, owing to the production of 1 45 gnus, of acid per litre of wort (at 
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Collette and Boidin patented in 1897 (Eng. Pat. 19,858) a process for tlie industrial 
utilisation of Amylomyces Rouxii for manufacturing alcohol directly from the starch of 
cerealS;, <&c., and later they utilised Mugoy /3. At the present time this process is employed 
on an enormous scale in various distilleries in Erance, Belgium, and Italy (at Savona), 

As it is necessary to work with perfectly aseptic worts, the starch-paste prepared in 
the ordinary way with the Henze apparatus is passed into closed metal cylinders holding 
200 to 1000 hectols. and furnished with vertical stirrers. When the temperature reaches 
65®, 1 per cent, of malt (on the amount of maize used) is added to render the mass rather 
more liquid ; after an hour the mash is shghtly acidified by the addition of 0*1 grm. of 
sulphuric acid per litre, and is then rendered completely sterile by passing steam in at 
the bottom and boiling the wort until the steam issues freely from the upper aperture. 
The apparatus is then closed hermetically, a vacuum bemg produced by the condensation 



Fio. 125. 

A. Colonies of Amylomyces Rowcii m wort-gelatme. B. Mycelial coiudia of Aii^ylomyces Rutixn 
in aerobic cultures. 0. Segmentation into gemmse of the mycelium of AmylomytX'S in anaerobic 
culture. D. Hyphse of Mucor ^ (1 : 100) with sporangia in aerobic culture. E Mycelium of 
Mueor § with spores in different stages of development in anaerobic culture ; 1, spores Just sepa- 
rated ; 2, turgid spores ready to germinate ; 3, germinating spores ; 4, mycelium (1 : 600). 

of the steam. The vacuum is relieved by allowing sterilised air — filtered through cotton- 
wool (see p. 124) — ^to enter ; the maintenance of a slight pressure inside the vessel prevents 
the entry of germs. By stirrhag the starch and running cold water down the outer walls 
of the cylinder 1000 hectols. of boHing wort may be cooled in five hours to 38® ; this 
is the most suitable temperature for the Mucor fermentation, but a great part of the 

16® BaJling), complete attenuation is obtained only in very dilute worts (7'^ to 8® Balling, these giving 4 to 4*5 pear 
cent, alcohol) ; Mucor on the other hand, forms only 0*75 grm. of acid, and can ferment worts at 10® to 17® BaBirg 
(which give 8 to 9 per cent, of alcohol) without oxidising completely more than a very smal proportion of su^r, 
Calmette studied more particularly the saocharifying properties of Amylomyces BownUf but in 1807 Boidin 
and Bolants, and simultaneously Sanguinetti (Ihsbitut Pasteur, 1897) found that tins mould is also capable of 
transforming sugar and dextrin into alcohol ; it was found late that ra&emosm^ which had been already 

studied by Pasteur, behaved similarly. In 1895 Professor Salto, of TohyOj isolated MJmopm oligosporw, which 
acts like Amylomyim RomL 
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snlplmric acid added must first be iieutraHsed. A vat of 1000 litres capacity contains 
150 to 200 quintals (15 to 20 tons) of maize and six times as much water. 

The Amyloinyces is cultivated in the laboratory on 100 grms. of rice and 200 c.c. of 
sterile wort^ so that preferably spores are developed. Every culture-flask contains a 
total of about 0-1 grm. of spores, and this quantity is sufficient to inoculate 1000 hectols. 
of wort. The Mucor is introduced, under aseptic conditions, into the vats from above 
and the stirrer set in motion ; a little air is introduced, this issuing by an upper 
tube with a hydraulic seal. In the course of 24 hours the wort is attacked by an 
abundant growth of the Mucot» The mass is then cooled to 33 and, in order to com- 
plete the alcohoHo fermentation more rapidly, a small quantity of ordinary yeast (500 c.c. 
of a wort culture, corresponding with 3 to 4 grms. of pressed yeast) is added. 

After 3 to 4 days, the alcoholic fermentation is complete (the carbon 
dioxide passes out at the top through the water-seal). Kg. 126 shows dia- 
grammatically a plsi'nt Tvdth five large fermentation vessels. 



Eio. 126. 

The advantages of the amyio-process are : (1) a considerable saving in 
malt, only about 1 per cent, being used instead of 12 to 15 per cent, by the 
old process ; further, air-dried malt is difficult to keep in hot countries ; 
(2) the reduction of the amount of yeast required to a minimum. The yield 
of alcohol is also sensibly increased, one quintal of maize containing 57 to 58 per 
cent, of starch yielding 37*5 litres of alcohol, i.e. 65 (often 66) litres of pure 
alcohol per 100 kilos of starch ; the old method of working gives only 60 to 61 
litres. 

The increase in the alcohol-yield is naturally due to the fermentation 
taking place in a wort uncontaminated with extraneous micro-organisms ; on 
rectification, 4 to 5 per cent, more good spirit goM) are obtained than 
by the old proem. 

Finally, the spent wash (residue after distillation) filters better, since it 
contains l^s dextrin and does not block the filter-presses. 

DISTILLATION OF THE FERMENTED LIQUID. As has already been stated, 
the fermentation is rendered the more complete by using worts which are not too con- 
centrated and yield 9 to 10 par cent, of ethyl alcohol. These fermented liquids contain also 
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small quantities of various other suTbstauees, such as aldehydes, organic acids (acetic, 
propionic, butyric, lactic, succinic, &e.), certain higher alcohols (amyl, propyl, butyl ; 
glycerol), &c*, besides the solid residues of cereals and yeast and small amounts of 
unfermented dextrin and starch. 

It was formerly not easy to separate the ethyl alcohol from these products, in spite 
of the great differences in boiling-point in some cases (amyl alcohol, ISS '’ ; ethyd alcohol, 
78'4°), and, as already explained on p. 109, this separation cannot be effected with the 
most exact fractional distillation, so that recourse must be had to rectification [see p. 3).^ 
Every distillation apparatus is now composed of four parts : 
(1) the boiler in which the alcoholic liquid is heated ; (2) the 
rectifier ,• (3) the dephlegmator ; and (4) the condenser. The 
liquid collecting in the dephlegmator returns to the column 
(hotter), where alcohol vapours are formed richer than those from 
which it was formed in the first distillation ; so that the alcohol 
vapours of the dephlegmator, uniting with the other vapours 
before the condenser is reached, contribute to form a more con- 
centrated alcohol. 

Apparatus with continuously working columns and with re- 
covery of the heat have been studied and applied since 1867 
(Savalle). 

The action of a rectif 3 dng eolunm may be understood from Eig. 
127, showing part of the column, which is divided into a number 
of chambers communicating by means of tubes and placed above 
the boiler. The mixture of alcohol and water vapours from the 
boilmg fermented wash below ascends the column from chamber 
to chamber through the central tubes, which are covered with 
caps dipping below the surface of the liquid in the chambers ; by 
this arrangement the mixed vapours are obliged to pass tlirough 
Tig. 127. condensed liquid, which slowly descends the column 

through the drop-tubes, when it reaches a certain level in each 
chamber. The vapours give up to the liquid mainly water-vapour, and the liquid gives 
up to the vapours preferably the alcohol it contains, so that the alcohol-vapour reaches 
the top of the column mixed with only a little water- vapour and passes to the condenser, 
whilst water almost free from alcohol flows downwards, forming vinasse or spent wash. 

With this column, 8 to 10 metres high and containing 20 to 25 plates and chambers, 
one distillation and partial rectification yields 
directly a crude 50 to 65 per cent, alcohol, and 
when this is subjected to a second similar 
distillation and rectification a concentration of 
90 per cent, or even 96 per cent, is attained ; 
each apparatus gives a high output. This is 
the procedure often adopted in France. 

Taller columns (14 to 18 metres) are, how- 
ever, used, especially in Germany, and these 
with efficient dephlegmators give 90 per cent, or even 96 per cent, alcohol in one continuous, 
although slower, operation. The cylindrical columns are advantageously replaced by 
sqyuare ones, which are less easily stopped up and more easily cleaned and repaired ; in 
place of the costly copper columns, cheaper cast-iron ones are now largely used. A square 
plate of such a SavaUe column is shown diagrammaticaUy in Fig. 128, the apertures and 

^ The first fonns of distillation apparatus were used in the times of the ancient Arabs, and were termed almMct, 
The alchemists made improvements in the shape, especially of the part used for condensing. Simple distillation 
apparatus, like that used for obtaining distilled water (vol i, p. 225), yield a highly aqueous spirit, termed phlegm. 
Argand, and later Adam (about 1800), utilised the heat of the aqueous alcoholic vapours distilling over to heat 
the liquid to be distilled. Sohmani and Berard (1805) improved the apparatus so as to allow a distillate 
moderately rich in alcohol to be obtained in a single operation. Before the condenser was placed a vmd called 
a depUegmatofj which condensed part of the water-vapour and part of the alcohol more concentrated 

alcohol vapours passing to the condenser. The first reaUy rational and complete apparatus for the jbcaduonal 
distillation of alcohol was constructed by CeUier-Blumenthai (1815), who used dephl^mators and the first rudi- 
mentary rectifiers ; but as early as 1813, A. Baglioni had placed senu-rectilying dephle^ators directly above 
the boiler. 

The first column rectifying dephlegmator was devised by Derosne and Ckil in 1817, and shortly afterwards 
widespread use was made of the very convenient Pistorlns apparatus, with its flat, lenticular: dephlegmators, 
wMch aUo ws of 60 to 75 per cent, alcohol bdmg obtained direct^yi and used in some of the siiioUer distiEccies. 



Fm. 128. 
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tubes being sufficiently wide to avoid obstructions wben dense fermented worts, rich in 
solid matters, are distilled. The heating of the column and of the liq^uid is no longer 
effected by direct steam, as this causes useless dilution ; indirect steam is employed with 



Fig. 129. 


a tubular heater, to be described later. In order to obtain regularity of working and 
constancy in the alcoholic strength an automatic steam regulator is used {see hehw), 
and the supply of fermented wash to the apparatus is so controlled that the yield and 
strength of the alcohol remain uniform. The heat of condensation of the alcohol vapours 
is recovered to heat the wash, and the latter, before being introduced into the top of the 
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column, is passed through tubular heaters so as to utilise also the heat of the spent Trash 
before this is discarded. - 

Mg. 129 shows the whole of a Savalle continuous distilling apparatus. The wash to 

be distilled passes from large constant -level tanks, situate 
on the upper floors, through the tube m, furnished with 
a regulating cock, 2, into the bottom of the heater, O, 
from which it issues at the top, after serving to condense 
the alcohol vapours coming from the column by the tube 
k ; these vapours, however, first yield a little condensed 
spirit in B, this being earned to the column by the tube r. 
The heated wash passes along the pipe q to the top of 
the column and slowly descends, meeting meanwhile the 
ascendmg vapour current, to W'-hicli it graduall}’ gives 
up its alcohol, as stated above {see Fig. 127). The 
alcohol condensed in the wash-heater is cooled in the 
condenser, D, below% through which cold water circulates. 
If the wash is heated in the wash-heater sufficiently to 
form vapour this passes into the small deplilegmator, if, 
whence the condensed alcohol and water are led by the 
tube S r to the column, whilst the alcohol vapour which 
is not condensed proceeds through t to the condenser 
along with the other alcohol. When all the plates of 
the column are covered with wash, steam is passed 
in from below by heating the exhausted vinasse by 
pipes from the heater, (?, in ■which superheated steam 
from suitable boilers circulates ; this steam is regulated 
by the tap j, which in its turn is controlled by the 
automatic regulator F, When the distiUed alcohol issues 
from the test-glass, E, the access of wash through 2 is 
Pia. 130. regulated so that the alcoholic strength remains con- 

stant. In the column the wash traverses a path more 
than 125 metres in length, the total absorptive 
surface being more than 200 metres, so that every 
litre of wash, before exhaustion, meets a surface of 
vapour 200 metres long. In this way 30,000 kilos 
or more of wash can be distilled per day -without 
interruption of the working for months. 

Fig. 130 sho-ws Savalle ’s tubular heater more in 
detail. Steam under pressure from ordinary boilers 
traverses the regulator, E, and passes through 
the tube i to a large metallic cylinder, G, which 
contains a series of vertical tubes connecting 
the upper chamber, G\ with the lower one, G" ; 
the latter is fiffied with almost exhausted -vinasse 
supplied from the lower part of the Savalle column 
by the pipe x. The spent wash, which is already 
very hot, is thus easily brought into a condition of 
vigorous ebullition and loses the last traces of 
alcohol, which rise Tvith a large quantity of steam 
through the pipo y into the Savalle column. The 
exhausted spent wash is discharged continuously 
from the tube 7, whilst the condensed steam 131 , 

issues from the tap 8. 

Fig. 131 shows the aviomaiic regulator of the pressure and steam in the distillation 
and rectifying column. In order that it may pass through all the layers of liquid on the 
plates of the column the steam must be at a certain pressure in the column itself ; this 
pressure increases or diminishes according as the quantity and temperature of the steam 
rise or fall, and the greater the supply of steam the more dilute will he the alcohol. If 
the column is connected with the pressure regulator by means of the tube F (/ in Fig. 129), 
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then, wlieii the pressure increases, the water in the lower chamber, .4, of the regulator is 
forced along the tube B to the upper chamber and raises a float, C, which operates the 
lever D, and so partially closes the tap (or valve) E controlling the supply of steam to the 
heater, G ; owing to the diminished supply of steam the pressure falls. In the opposite 
case, when the pressure in the column is smaller than that necessary for regular distilla- 
tion,' so that the concentration of the alcohol (measured in E, Figs. 129 and 132) becomes 
too iiigh and the yield too small, the water of the upper chamber of the regulator descends 
to the lower oneahe float, 0, hence falling and the steam-cock, E, opening a little. With 
these regulators, which are sensitive to variations of one -thousandth part of an atmo- 
sphere, the distillation is automatically regulated and requires very little personal 
control. 

The constancy of the strength of the alcoholic distillate is controlled by the test- 
glass, E {see Fig. 132), which is situated in the alcohol discharge tube and contains an 
alcoholometer fitted with a thermometer, so that the concentration and temperature are 
indicated continuously. 

Of the variously highly perfected forms of apparatus (Ilg^s, Coffey, Pampe, the last 

of which gives very pure spirit by distillation under 
reduced pressure) used in England, Germany, Russia, 
&c., which allow of the continuous and direct pro- 
duction of 90 to 96 per cent, alcohol without special 
rectification and refining (when the first and last 
products of distillation — foreshots and tailings — are 
kept separate ; see later), we shall refer only to 
the apparatus of Siemens Brothers, which is largely 
used in Germany (Fig. 133). The column is com- 
posed of three principal parts : the heater (or pre- 
heater), A, the distillation column, B, and the recti- 
fier, G ; the whole is formed of superposed cast-iron 
discs or rings fitted with pasteboard packing and 
held tightly together by bolts extending from the 
top to the bottom. Inside are plates arranged 
spirally round a central tube, D, which passes about 
half-way up the column to / ,* the liquids thus tra- 
verse a long path, so that a large production is possible with a relatively small tower -space. 
The apparatus is also economical since it is not necessary to construct it of copper. The 
heater, (see also Fig. 134, A), contains, in the chambers a and o, hot spent wash which 
comes from the top of the column. Between these hot chambers are arranged alternately 
others in which circulates the cold wash or wine to be distilled ; this is supplied through 
the pipe d by means of high-pressure pumps, and begins to be heated as it descends the spiral 
chambers between the hot ones containing the spent wash. When it reaches the bottom 
the hot wash passes into the central pipe D, and rises to the higher level,/, in the distillation 
column, B (which embraces the space between c? and E), The pipe D empties on to the 
perforated spiral plates {see Fig. 134, B) and, as it descends, the wash meets a current of 
steam rising from the tube o through B. In this way the alcohol liberated from the wash 
rises with the steam through the perforations of the spiral plates and thus continually 
meets fresh quantities of wash and becomes continually richer in alcohol, as is shown 
in Fig. 134, R. The wash, thus deprived of alcohol, reaches the bottom as very hot 
spent wash, which, before leaving the column, traverses the chambers of the heater 
(shown in Fig. 134, A) and is then discharged continuously from the pipe J K, at a lower 
level than /. The mixed alcohol and water vapours enter the rectifying compartment, 
which is formed of plain discs and is filled with wash, the level of which can be seen through 
suitable glass windows. The alcohol vapours rise into the rectifier, C (more properly 
termed a fractionator or depMegwMor, see p. 133), formed of non-perforated and hence 
non-communicating spiral chambers {Big, 134, C), in some of which circulate the ascending 
vaporous mixture, whilst the alternate ones are traversed by a descending current of 
water ; the latter is not very cold, as it comes from the top of the condenser, B (by means 
of the pipe t), so that it condenses mainly steam and only a little alcohol vapour, 

^ (to. Pat. 199,142, 1908) suggests placing, before the rectifying compartment, a steam-turbine with 

lapoiy uBtatiBg vanes, arhicli separate aU the snspended drops or impurities from the vapours. 



Pig. 132. 
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which, falls into the distilling cohimn again. The alcohol vapours gradually become 
more and more highly concentrated and pass through the tube jP to the refrigerator, S, 
where they condense and are cooled by water flowing in at ^ and out at t. By means of 
a sample taken from the column B by the tube p 
and examined in the tester, T, it can be ascertained 
if the spent wash is completely free from alcohol. 

In some cases it is observed that the spirit from 
such a cast-iron apparatus absorbs traces of hydro- 
carbons and of hydrogen sulphide which are formed 
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from the iron and give an unpleasant taste and smell to the alcohol ; this may, perhaps, 
depend on the quality of the metal and on the newness of the apparatus. 

We shall mention finally the attempts which have been made, first by Perrier in 1875, 
to transform the vertical column into a horizontal distilling and rectifying column with 
a central rotating axis carrying helically arranged blades, which transport even a very 
dense wash from one end to the other, whilst the opposing current of steam removes the 
whole of the alcohol. The process was perfected by Sorel and SavaUe (1891 ), who arranged 
the numerous vertical chambers of the horizontal column in a more rational manner. 
These forms are not yet free from disadvantages, but they have the advantage of being 
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considerably more economical to construct and of bringing all the taps conveniently to 

band on the same level. i ^ x-r x* 

Lastly, GuiUaume ebminated various defects of these columns and at the same time 
retained all their advantages by employing very simple and convenient inclined columns 
(made by Egrot, of Paris), which allow of very dense washes being employed without 
danger of obstruction. Pig, 135 shows the complete Guillaume-Egrot apparatus, and 
the description of the various parts given underneath will indicate the way in which it 
works. The cross-section shown in Pig. 136 gives an idea of the internal arrangement of 
the inclined column, and Pig. 137 represents the ground plan of the column, the arrows 
indicating the horizontal, zigzag course followed by the liquid from the highest part of 
the column, whilst the vapours ascend the column in a zigzag vertical path and bubble 
through the liquid m ah the chambers formed by the numerous vertical partitions. With 
relatively small plant, ^which can be mounted on portable cars {see later), 30,000 litres or 



Pig. 135. 

A, distilling coinmn ; a, entrance of the wash into the heater or refrigerator ; B, condcnBcr and 
heater ; &, hot wash pipe ; G, adjustable steam regulator ; e, exit for spent wash ; J), hot wash 
extractor used as heater ; d, steam-tap ; By test-glass giving the strength of the alcohol ; c, valve 
r^ulating flow and hence strength of the alcohol ; A, entrance of water into refrigerators in case 
of need, 

more of wash, containing 10 per cent, of alcohol, can be distilled per 24 hours, 90 per cent, 
alcohol being produced. 

In the modem distillery the consumption of steam should not exceed 25 kilos (about 
3 kilos of coal) per 100 kilos of wash, and the consumption of water in the condenser 
should not exceed 80 litres. 

RECTIFICATION OF ALCOHOL. The alcohol obtained with the ordinary Savalle 
apparatus is not sufficiently concentrated or pure to be placed on the market, and even 
that obtained with other forms from washes which have not been fermented with selected 
yeasts should be freed by rectification and refining from various impurities which impair 
the colour, smell, and taste. These impurities may be more volatile than alcohol (such 
as aldehydes and certain esters) or less volatile (as acetic and butyric acids ; propyl, 
isopropyl, and amyl alcohols ; various estos, &c.), and they are separated from the true 
ahohoi if, in the redistillation and rectification, the portions which distil most readily 
Iforeskc^} and also the least volatile portions (tailings or fmel oil, which has a very 




PROCESS OF RECTIFICATION 1^9 

disagreeable odoiu’ if obtained from potatoes, molasses, or maize, but a pleasing odour if 
derived from grapes, fruit, &c.) are kept apart. 

Rectification apparatus usually consists of a large copper or iron boiler, A (Rig. 138), 
which is heated with an indirect steam-coil and on which is mounted the copper rectifying 
column, B, Above tliis and to one side is a large dephlegmator, 6’, which serves as a heater, 

and is of importance not 
so much for condensing the 
less volatile products (water, 
amyl alcohol, &c.) as for 
furnishing a continuous and 
abundant supply of a suitable 
alcoholic liquid to wash the 
vapours arrivmg at the top 
of the column ; it is, howwer, 
quite useless to employ several 
dephlegmators, as was erro- 
neously done in the past. The 
foreshots, which have a con- 
centration up to 94 per cent, 
and boil at 85°, are collected 
separately. Then from 85° to 
102° alcohol passes over. The 
tailings, boiling above 102°, 
are collected in the bottom of 
the column by shutting off the 
PiQ. 135 . steam and thus emptying the 

plates. The quantities of these 
products vary accordmg to the quality of the alcohol required ; thus 20 per cent, of 
foreshots and tailings may be obtained and 80 per cent, of alcohol (bon goiU extra), or 
5 per cent, of foreshots and tailings and 95 per cent, of alcohol (bon gout). 

This apparatus does not work continuouvsly, the boiler requiring to be discharged 
and recharged. Attempts 
to render the process con- 
tinuous were met with suc- 
cess in 1881 (E. Barbet) in 
spite of the difficulty of 
separating the pure alcohol 
from an impure product 
that boils below it and 
another that boils above it. 

This is effected by carrying 
out the operation in two 
phases, which are, however, 
continuous ; in the first 
phase the foreshots are 
driven off and the alcohol 
distilled from the remaining 
liquid, the tailings being left 
behind. The boiler is then 
replaced by a rectifying column, which receives the impure product and distils the 
foreshots, passing the residue continuously at a certain height to a second lower column 
at the side ; tMs distils and rectifies the pure alcohol and retains m the lowest chamber 
of the column the tailings, which are continuously discharged. 

In the Savalle rectifi,ers 45 kilos of coal are consumed per hectolitre of pure rectified 
alcohol. Continuous rectification results in a saving of almost 50 per cent, of fuel compared 
with the discontinuous process. During rectification the loss of alcohol is 1 to 2 per cent., 
and the cost of rectification varies from 3 to S* 5 lire (2^. to 3^.) per hectolitre. The firm 
of Savalle holds that it is more economical to use cold air than water in the refrigerators of 
the condensers. 
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Attention may lastly be drawn to the ingenious although complicated Perrier 
distilling and rectifying apparatus, in which the vapours of alcohol, water, higher 
alcohols, and aldehydes are pacsed successively into columns filled with glass beads and 
surrounded by a jacket containmg a liquid boiling at a constant temperature, the latter 
bemg hence cassumed by the whole of the tower. In one of these, having a tempera - 



Pig. 138* 


ture of 85 to 90°, only water and 
the tailings are condensed ; the 
vapours then pass into a second 
tower, kept at 75°, where all the 
ethyl alcohol (which can be recti- 
fied in another tower) separates ; 
the vapours from this form the 
foreshots and are condensed in a 
succeedmg tower. 

OTHER PRIME MATERIALS 
FOR THE MANUFACTURE OF 
ALCOHOL. (1 ) Beetroot and Mo- 
lasses. It IS especially in Prance 
that considerable quantities of 
beet are used for the manufacture 
of alcohol instead of sugar ; this 
is never done in Germany or Italy. 
The beets are washed, minced, and 
the pulp exhausted by pressure, 
maceration, or diffusion with water. 
This treatment is described in the 
section on sugar. 

The spirit obtained from the 
beet IS less pure than that from 
potatoes, containing more propyl 
and butyl alcohols but less amyl 
alcohol. 

Of more importance in Italy 
and various other countries Is the 
utilisation of heet-molassesJ^ 

The complete fermentation of 
molasses has presented many diffi- 
culties, which have now been over- 
come. Formerly, after the molasses 
was diluted to 8 ° to 10 ° 36. (this 
was carried out in vats provided 
with stirrers, see Fig. 139), it was 
slightly acidified with sulphuric acid 
(2-5 grms, of free H 2 SO 4 per litre), 
as the reaction is usually alkaline* 
The liquid was then boiled for some 

^ These are the dense, viscous, and 
blackish mother-liquors which remain from 


^ crystauisation 01 the sugar (mioh 

me) and from which no further sugar will crystallise although 45 to 50 per cent, are present (see explana- 
tion in the section on Sugar) ; it has a density of 40° to 45“ (74° to 84° Ballmg). The composition of heet- 

molahses is as follows ; water, 16 to 20 per cent. ; sugar, 44 to 52 per cent ; non-nitrogenous extractive matters, 
10 to 10 per cent, (largely pentoses) ; nitrogenous compounds, 6 5 to 9-5 per cent (of which only one-third consists 
^ ^ ammo-acids) ; ash (deducting COg), 8 5 to 11 per cent. In Italy the workmg-up of 

molasses has assum^ considerable importance during the last few years, owing to a change in the method of 
mxmg sugar j previous to 1903, sugar recovered from molasses by somewhat expensive processes (see Sugar) 
taxation, whilst nowadays all sugar produced is taxed uniformly, so that the manufacturers 
find it ^vantageous to sell the molasses to the distillery at 4a. 9d. to 6s. 5d. per quintal. 

Belgium, and part of France, it is found to he more convenient and rational to utilise a large 
p absorbing it by highly porous vegetable substances. In Italy, 

(Mood-molaases), patented by 1. Kuo. are manufactured; 
tte ^dues of dried tomatow (SquasBi, Bono) and vanous other dried mdnsttial products ate now used as absor- 

duintals of molassic foddeT are consumed; Italy produced 400,000 
ttunWs in i90& and more than 480,000 in 1909. ^ 
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hours in a current of air in order to eliminate the volatile acids (nitric, See.) liberated, 
and, after cooling it to 15®, alcoholic fermentation was initiated by the addition of 
vigorously fermenting liquid ; the excess of acid which forms is gradually neutralised 
with chalk. The spirit thus obtained is difficult to purify as it contains an aldehyde 
and various acids which boil at a very low temperature. 

To-day, however, the process is much more simple, as Jacquemin and Effiont have 
devised various methods of preparing races of yeast capable of living actively in worts 
rich in salts (nitrates, carbonates, &;c.), such as those prepared from beet-inolasi^es. In 
the past the difficulty of fermentation was attributed to the presence of nitrates, but it 
from Fernbach and Langenberg’s experiments (1910) that nitrates, even in 
proportions as great as 0-3 per cent., facilitate fermentation. 

(a) In the Jacquemin process the fermentation is initiated in small quantities of 
wort in suitable vessels {see Fig. 123, p. 125), and the wort of the last rather larger vessel 
(into which is also placed a little hydrofluoric acid, to which the yeast has been preMously 
acclimatised ”) serves to pitch a 200-hectoL vat containing diluted, non -sterilised 
molasses, to which has been added 8 to 10 kilos 
of calcium hypochlorite, this preventing the de- 
velopment of heterogeneous organisms during the 
first few hours without damaging the yeast — 
already adapted to chlorme. By means of this 
vat two other 500-hectoL vats of similar 
diluted molasses can be brought into a state of 
vigorous fermentation ; the fermentation takes 
place so rapidly (and this is the most specific 
action of these yeasts) that in three days the 
whole of the molasses is fermented, there being 
thus no time for the development of extraneous 
germs causing harmful secondary fermentations. 

(5) The Effiont process is still more simple, 
and is based on the use of selected yeasts specially 
adapted to molasses worts and endowed with 
exceptionally rapid fermenting properties ; these 
yeasts are placed under such conditions that they easily overcome deleterious 
bacteria (namely, the addition of resin) ^ and complete the fermentation before these 
become harmful. To the molasses simply diluted with water and not sterili&ed are 
added these special yeasts together with 1 kilo of colophony per 10 hectols. of wort ; 
m three days the fermentation is complete. In 1903 almost 1,000,000 kilos of colophony 
were used in France for this purpose. 

(2) Alcohol from Fruit. This is not of great industrial importance, 
although in certain districts and in certain years it assumes considerable 
magnitude. In Italy, dried figs of little commercial value, carobs, &c., are 
used ; and, in other countries, plums, apples, pears, &c. These fruits often 
give an irregular, and seldom a complete, fermentation, owing to conditions 
similar to those encountered vdth beet-molasses. Hence, as in the latter case, 
use is made of very active yeasts adapted, where possible, to these special 
worts. 

The alcohol obtained from these worts has a characteristic odour indicating 
its origin. 

^ Effroat observed that the law of the strongest, which is often verified in bacteriology — the most numerous 
and powerful bacteria rendering life impossible to weaker ones— scarcely ever holds in the case of alcoholic fer- 
mentation, where, even though the harmful bacteria are less numerous than the yeasts, the latter are seldom 
victorious, the bacteria often entirely arresting alcoholic fermentation even when the conditions are favourable 
for the latter. 

According to Effront, this is owing to the different specific gravities possessed by yeast® and bacteria, which 
hence live m different, relatively distant strata, so that there is no opportunity for the application of the law 
of the strongest— which consists in tfie production by certain micro-organisms of poisonous substances preventing 
other forms from developing. Effront hence proposes to add suitably emulsified resin (colophony) to the worts 
at the beginning of the fermentation ; this has the property of coagulating only the bacteria, which become 
denser and are brought into more intimate contact with the yeast, the latter then being in the most favourable 
condition for the annihilation of the bacteria. The resin itself is not the cause of the death of the bacteria, as 
Effiont states that these can be readily cultivated in the pure state in presence of resm (private communication). 
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(3) Alcohol from Woody Substances. This is a subject which has aroused con- 
siderable interest during about the last twenty years. Many attempts have been made 
to transform a part of the wood (sawdust, peat, &c.) into fermentable sugar by the action 
of acids on the matter (lignin) encrusting the wood and not on the cellulose. In Chicago 
the process was applied on a vast industrial scale according to A. Classen’s patents 
(C4er. Pats. 130,980, 1899, and 161,644, 1904). 100 Idlos of wood (with 25 per cent, of 
moistime) are treated in an autoclave for an hour with about 100 kilos of aqueous sulphur 
dioxide and sulphuric acid in presence of steam at 6 to 7 atmos. pressure (150 to 165 ), 
The excess of sulphur dioxide is elimmated by means of a current of air, the residue being 
boiled with water or extracted m diffusers, and the liquid neutralised with calcium 
carbonate and fermented ; ^ about 8 litres of pure alcohol are thus obtainable, and the 
residues are partially utilisable for making paper. It is not improbable that in the near 
future wood and the more economical wood refuse will replace cereals and potatoes in spirit 
factories.^ In France, England, and the United States there were in 1910 four factories 
making alcohol from w’ood and obtaining yields of 7 per cent. 

(4) Alcohol from Wine, Lees, Vinasse, and Withered Grapes. In seasons when 


1 Wood thus yields a product containing 35-36 per cent, of solid residue, 34-63 per cent, of water, 10-97 per 
cent, of fermentable reducing sugar, 3-21 per cent, of non-fermeiitable reducing sugars (pentoses : xylose, &c.), 
0-35 per cent, of sulphuric acid, and 0-77 per cent, of other acids. 

* As early as 1820, Braconnot observed that sugar is formed when wood or even cotton cloth is treated with 
sulphuric acid. Later on Melsens obtained a good yield by treating cellulose with dilute sulphuric acid in an 
autoclave under pressure. In 1860 Pettenkofer investigated this process and showed that it could, at that time, 
compete with the use of potatoes. Still later, Basset prophesied a yield of 32 per cent of alcohol from the similar 
treatment of wood (I). Simonson, in 1889, treated wood under pressure with dilute sulphuric acid, transforming 
25 per cent, of it into sugar (78 per cent, of which was fermentable) and obtaining a practical yield of 6 to 7 litres 
of pure alcohol (Third International Congress of Applied Chemistry, Berlin, 1903). 

Beiferscheidt (1905) overcame the resistance of the wood to penetration by liquid acid (met with also by 
Classen) by causing sawdust to absorb two-thirds of its weight of sulphuric acid (sp. gr. 1-65) and subjecting 
the mass to the maximum pressure of a hydraulic press ; simple digestion of the mass with water and filtration 
gave a fermentable liquid and a yield of 6 5 per cent, of alcohol on the weight of wood (pine, containing 53 per 
cent, of cellulose) taken. A similar yield is obtained by treating the wood with five times its weight of 1 per 
cent, sulphuric acid solution at a pressure of 8 atmos. for fifteen rmnutes. He confirmed the observation that the 
pentosans of the wood do not ferment, and with pure cotton he obtained as much as 13 per cent of alcohol. 

According to Th. Komer, the addition of oxidising agents or of ozone, as was suggested by Both and Gontzen 
(1905), is of no advantage. He obtained the best yields by heating sawdust, straw, &c., with 0 5 per cent, sul- 
phuric acid for 2 hours in an autoclave at 6 to 8 atmos ; only a small part of the molecular complex of the cellulose 
is converted into fermentable sugar, and he obtained a yield of alcohol equal to 15 to 18 per cent of the weight of 
the true cellulose in the wood. Without the addition of sulphuric acid, the yield was about one-fourth less. 

3B*. Ewen and H. Tomlinson, of Chicago (TT.S. Pat, 938,808, 1909) treated 400 kilos of sawdust, straw, 
or stems of various cereals (with 30 per cent, of moisture) in autoclaves with 5 kilos of sulphuric acid of 60° B6. 
diluted with 20 litres of water ; after complete digestion and agitation the temperature of the mass is brought 
in fifteen minutes to 135° to 160° by means of steam under pressure ; after half an hour the temperature is lowered 
rapidly to 100° by allowing the steam to escape, and the sulphuric acid then separated in the usual way. By 
this means 20 to 30 per cent of the weight of the cellulose is transformed into fermentable sugar. A similar process 
is that of Eckstrom (Norw. Pat. 17,634, 1907). 

Classen's process, which has been tried on a large scale in North America, has exhibited various disadvantages : 
the time required for treating 2 tons of wood was as much as six hours, the consumption of sulphuric acid was 
large, part of the sugar was destroyed, and frequent repairs were necessary. The process was improved by 
Ewen and Tomlinson, and was worked in a factory near Chicago. Less acid was used and the treatment mam 
tamed only for forty minutes, the autoclave being rotatable and made of steel protected outside with fireclay 
This was fiUed with sawdust, sulphur dioxide (1 part per 100 of dry wood) being then passed in, and subsequently 
steam at 7 atmos. After forty minutes, the vapours of water, acetic acid, terpenes, and sulphur dioxide aie 
passed into washing or absorption vessels, while the residual darkened sawdust is extracted with hot water : 
the aqueous extract is neutralised with chalk, filtered, fermented, and distilled. Uectiflcation yields 94 per 
cent, alcohol free from methyl and higher alcohols, and containing only traces of furfural and other aldehydes, 
The cost of this alcohol seems to be less than three-halfpence per litre of 90 per cent, concentration. 

J. Ville and W. Mestrezat (1910) state that, whilst cellulose resists dilute solutions (up to 30 per cent.) of 
hydrofluoric acid, with 50 per cent, solutions, 100 gnns. of cellulose yield 50 grms. of gluco'se 1 

According to the Swedish patent® of J. H. Vallin and of Eckstrdm, alcohol is obtained by treating the wasia 
$ulphUe liquors of paper-miUs in the hot with sulphuric acid and fermenting the liquid containing the glucose 
formed. The hot acid liquid has to be neutralised c^most completely with chalk and decanted, the residue 
being then pressed in a filter-press ; the liquid is then cooled on piles to 30°, pitched with yeast, aerated during 
fermentation (5 to 6 hours) and the dilute alcoholic liqmd (0*7 to 0 8 per cent alcohol) distilled. From 10 
cu. metres of the sulphite liquors are obtained 60 htres of 100 per cent, alcohol (which is, however, of bad flavour 
and is used for denaturation). Eor a factory producing 60 tons of cellulose per day, i 600 tons of waste sulphite 
liquors, the cost of tanks, pumps, piles, distilling apparatus, filter-presses, &c., may be taken as about £6000, 
and the alcohol produced (36 hectols. per day) would cost (mcludmg all expenses, but excluding taxation) 10s. 
to 11s. per hectolitre at lOO per cent, strength. The problem of the disposal of the waste liquors (which con- 
taminate the rivers) of paper-mills is not, however, solved in this way, since the liquid still contains much decom^ 
posable oi^nic matter after the distillation of the alcohoL Before starting such an industry, it is also necessary 
^ consider the condition of the market, so that there may not be an over-production of alcohol and hence 
depremion of prices. 

In 19010 there were two factories in Sweden for the manufacture of alcohol from these wast& svf/phiie Uquors ; 
that ali BillJ3%fois prepared methpl alcohol (15 kilos per ton of wood pulp) by H. Bergstrom and H. Eahl's process ; 
the other at Skutsktr manuiactured ethyl alcohoL Tor every ton of cellulose there are obtained 8 to 9 tons of 
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wine is abundant and prices low and in general when there are spoilt wines (at 6s, to 
8s. per hectolitre), it is convenient to extract the alcohol from them, this being of use 
in the preparation of liqueurs and spirits. 

The distillation presents no difficulty and is carried out either in the large distilleries 
or with a Guillaume-figrot apparatus [see p. 138), which is mounted on a car so as to be 
readily transportable, and can be used in places where there is little available water, smce 
the coolers and condensers act as heaters and are fed with the wine to be distilled. It 
gives directly 90 to 94 per cent, alcohol. 

In the same way as wme, fresh lees or bottoms from wine vats (containing 4 to 6 per 
cent, of alcohol) and dried grapes ^ are treated. 

The distillation of vinasse, containing 2-25 to 3*5 per cent, of alcohol, is of considerable 
importance in Italy ; if this were all distilled it would yield about 250,000 hectols. of 
pure alcohol annually (for a production of 40 million hectols. of wine). Of the various 
forms of apparatus for the distillation of vinasse only those of Villard-Rottner and of 
figrot will be described, as they are the commonest and differ little from other good types. 

The generator, K (Fig. 140), of the Villard-Rottner apparatus sends steam from the 
dome, if, into the three boilers. A, in succession, the steam entering at the bottom and 
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issuing at the top of each. These three boilers contain the vinasse mixed with an equal 
volume of water. The vapours, which are rich in alcohol, pass through the pipe, to 
the dephlegmator, Q, and are then condensed in the coil, /, at a concentration little 
exceeding 50 per cent. When the first boiler is exhausted it is emptied and again charged, 
the steam passing meanwhile through the second and third ; the first boiler now becomes 
the third, the second being then emptied, so that two boilers are always in use. The 
hot water from the boilers is treated separately for the^extraction of tartar {see this). 

In the figrot apparatus (Fig. 141) the boilers, Ay are arranged on pivots, so that they 

sulpliite li(5LTiors containing, either dissolved or suspended, as much as 12 per cent, of organic substances and 
yielding alcohol at less than l^d. per litre. 

Considerable interest was aroused in 1901 by the English patent of Bomig and PrStorius, according to 
which human fcpces yielded about 9 per cent, of alcohol, but it proved to be a fraud. 

There has been much discussion recently (1906-1907) concemmg a process for extracting spirit from peat 
in a manner similar to that described for wood. These attempts date from 1870, and various patents were filed 
in 1882—1891. The most important tests were made in Norway in 1906 by the Eeynand process (1903), in which 
300 kilos of peat were treated in the hot with 700 kilos of water containing 7 kilos of sulphuric acid (66® ) 

under 3 atmos pressure ; 600 litres of liquid were thus obtained and this was fermented with specially selected 
yeasts {Sacdkaromyces ellipsoid^us), the yield being 25 litres of burning spirit at an inclusive cost of about 4-^. 
per litre, whicb is about double the cost of that obtained from ordinary starchy materials. In 1905, the Banbh 
Government offered a prize for the improvement of this process, but the yield was not increased although it varies 
somewhat (6 to 8 per cent.) with the quality of the peat ; in all cases the alcohol obtained in this way is too costly. 

1 In some countries — at certain times in Italy — dried grapes are used for the production of alcohol, especially 
Greek grapes, which are received from viticulturists by the Greek Government in payment of taxes, and are 
dried and placed on the European markets. These grapes are first macerated in tepid water, then crushed and. 
fermented in the usual way ; the ume obtained may be used for mixing with other wines or for distillation. In 
1905-1907, m order to help the crisis in the South, the Italian GovOTiment granted a considerable rebatememt 
of taxation on the alcohol obtained from grapes The Italian distillers then began to import large quantities 
of Greek grapes (containing 50 to 55 per cent, of sugar), which could be dehvered in the factory at about 13s. per 
quintal, so that the southern viticulturists reaped no advantage from the rebate, which was hence abolished. 
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can be inverted and rapidly emptied. Steam from tlie boiler, D, extracts the alcohol 
from the three boilers, which are arranged in series, as before, so that two are always in 
use while the third is bemg emptied and recharged. The alcohol vapours pass into the 
dephlegmator, B, and thence mto the spherical rectifier, C ; R acts as a condenser and is 
cooled by water from the tank, K. The condensed alcohol passes along the tube, m, to the 
test-glass, J/, and from there to the casks, t, at a concentration of 55 to 60 per cent. 

With the first apparatus, to treat 100 quintals of vmasse, yielding about 8 hectols. 
of brandy at 51 per cent., roughly 13 quintals of coal are consumed, whilst the Egrot 
apparatus uses much less than this for an equal yield. The brandy thus obtained has 
almost always a rather unpleasant fl.avour and is often used for rectification in the ordinary 
way (if too dilute it becomes opalescent) and is then left to age in oak casks so as to acquire 
a pleasing aroma. This result is obtained more rapidly by fdsteiirisation, that is, by passing 
the brandy through a coil surrounded by water at 60° to 65°, or by passing a current of 
ozonised air through it (artificial maturation). The name cognac is given® to the finest old 
French brandies. 

Alcohol from cereals can be distinguished from that obtained from wine, &c., as the 
latter always contains aldehydes (see later, Rimini's Reaction and Schiff's Reagent). 

REFINING AND PURIFICATION OF SPIRIT. After the introduction of rational 
methods of fermentation with selected yeasts and of more perfect rectifying appliances, 
the quantity of actual alcohol was considerably increased and it was generally sufficiently 
pure for ordinary commercial purposes. But when it became recognised that the harmful 
effects of alcoholism are aggravated by the presence in commercial alcohols for liquors, 
&c,, of even minimal quantities of aldehydes and amyl alcohol, recourse was sometimes 
had to a special purification or refining of rectified spirits in order to give them a slight 
ethereal odour, which is greatly valued. Of the many and varied substances suggested 
for the purification, mention need only be made of charcoal in lumps calcined and cooled 
out of contact with air and placed in batteries of tall cylinders through which the alcohol 
is passed ; when the charcoal becomes inactive it is revivified by means of superheated 
steam at 600°, The charcoal has an oxidising, esterifying, and decolorising action, but 
it does not fix the amyl alcohol. Treatment with fatty oils (which retain the aldehydes) 
and subsequent distillation are also used, as also are carbonates of the alkalis and alkaline 
earths. Treatment with oxidising agents — ozonised air, potassium permanganate or 
dichromate, nitric acid, chloride bf lime, &c. — ^has the disadvantage of forming acetic 
acid and ethyl acetate. Consequently Naudin prefers reducing the aldehydes with nascent 
hydrogen formed in the liquid itself by means of a copper-zinc couple. 

R. Pictet has devised a totally different process : owing to the variations (at different 
temperatures) of the maximum vapour pressure of volatile liquids, he ascertained that 
the vapours obtained from a mixture of water or other substances with alcohol are the 
richer in alcohol the lower the temperature to which the mixture is heated. He boils the 
mixture at 50° to 60° in a vacuum and then rectifies the vapours in a column at a tempera- 
ture of —30° or —40°, obtained by means of a sulphur dioxide refrigerating machine, 
^he apparatus is somewhat complex, but it yields a well-refined pure spirit. 

TESTS FOR THE PURITY OF ALCOHOL. The tests mentioned on p. 109 will 
detect traces of water in so-called absolvie alcohol. 

If alcohol is highly purified (puriss.), 10 c.c. of it, mixed with 1 c.c. of water and 1 c.c. 
of 0*1 per cent, potassium permanganate solution, should maintain its red colour for 20 
minutes, or for at least five minutes if the alcohol is termed pure ; it should not become 
turbid on dilution with water, should give neither an acid nor an alkaline reaction (with 
phenolphthalein), and should remain unchanged with ammoniacal silver nitrate solution. 
To test for aldehydes the alcohol is diluted with water and a few drops distilled and tested 
by Rimini’s reaction (see p. 109) ; or, for aldehydes in general, by Schiff’s reagent(fuchsine 
solution decolorised with sulphur diqxide: 0-5 grm. of fuchsine is dissolved in 500 c.c. 
of water and decolorised with 10 c.c. of sodium hydrogen sulphite solution of sp. gr. 1*26 
and 10 C.C, of concentrated HQ) ; a few c.c. of this reagent are coloured red when shaken 
with a few drops of alcohol containing traces of aldehydes. 

Of more importance is the quantitative estimation of the fusel oil ^ (always formed in 


oU has a mr^ng composition : 14-24 per cent, of water, 15-45 per cent, of ethyl alcohol, 6-14 per 
cent, of nora^propyl alcohol, 10-25 per cent, of isobutyl alcohol, and IO-40 per cent, of amyl alcohol of fer- 
maitaition. of fmd oil may be detected by Kamarowshy’s reaction, %.e. with saUcylic aldehyde and 
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alcoholic fermentation), which is made with Her2feld and Windisch’s modification of 
Rose’s apparatus (Mg. 142 ) ; the method is based on the property possessed by chloro- 
form of dissolvmg the higher alcohols and a very little ethyl alcohol, at the same time 
increasing in volume. The alcohol is first diluted to a concentration of 30 per cent, by 
volume or, better, to the sp. gr. 0-9656 at 15-5° (see Table, p. 148 ; if the alcohol has a 
concentration, v, less than 30 per cent., then 10 (30 -v)7 e.c. of absolute alcohol should be 
added). The Rose tube (washed with alkali, acid, water, alcohoh and ether and well 
dried) has a cylindrical expansion at the bottom containing 20 e.c. up to the first mark ,* 
then comes a tube 18 cm. long, holding 2-5 e.c. and graduated in 0 01 e.c. ; at the top is 
a pear-shaped bulb of about 200 c.c. capacity, closed with a ground stopper. The tube 
IS placed in W'ater at 15° and uito it are mtroduced by a long funnel reaching to the lower 
bulb 20 c.c. of pure chloroform at 15°, and then 100 c.c. of the alcohol 


diluted to 30 per cent, at 15° and 1 c.c. of sulphuric acid of sp, gr. 1-2857 
(38 per cent. H2SO4). The tube is then closed, inverted so that all the 
liquid passes into the pear-shaped bulb, shaken vigorously for a minute 
(150 shakes) and placed erect in the water-bath at 15°, wdere it is left for 
15 minutes after a rotatory movement has been imparted to the liquid so as 
to collect the drops of chloroform adhermg to the walls. The increased 
volume of the chloroform is then compared with that obtained in a simdar 
test with pure alcohol of the same concentration. If no blank experiment 
is made, 1-64 c.c. is subtracted from the increase in volume as being due to 
the ethyl alcohol dissolved. Each 0-01 c.c. increase in volume of the cliloro- 
form corresponds with 0-006634 per cent, by volume of fusel oil. For 
an alcohol rich in fusel oil which gave a j^al volume of chloroform of 
22-14 c.c. the true increase in volume will be 22-14 — 1-64-20=0-5 c.c. 
The percentage, /, of fusel oil by volume on the original alcohol (not on 
that diluted to 30 per cent.) is calculated by the following formula : 



/- 


(c-&) (100 -f a) 
TdO = 


where c is the uncorrected increase in volume of the chloroform, h is the 
correction, 1-64, due to the ethyl alcohol, and a indicates the number of 
c.c. of water or absolute alcohol added to 100 c.c. of the ongmal spirit to 
bring it to 30 per cent. Example: If 80 per cent, alcohol is used, 171-05 
c.c. of water must be added to 100 c.c. to break it down to 30 per cent. ; 
100 c.c. of this then increases the volume of the chloroform from 20 to 
21*94 c.c., so that : 


(1-94-1-64) (100 -b 171-05) 
150 


= 0*54 per cent, by volume of fusel oil. 



The furfural is determined in 10 c.c. of distiUed alcohol, to which are added 10 drops 
of colourless anilme and 2 c.c. of acetic acid ; if a red coloration appears after 20 to 30 
minutes furfural is present.^ 

sulphunc acid; H. Kreis’s modification (1907) of this colorimetric reaction yields moderately accurate 
results. 

Fmd oU IS now largely used for the preparation of amyl alcohol, which is used in the manufacture of fruit 
essences, for obtaining nitrous and other ethers, and for gelatinising explosives (nitrocellulose) ; during the last 
five years the price of fusel oil has risen from 65 to 170, and even 195 lire per quintal. Pasteur thought that 
the amyl alcohol (iso- and d-amyl) arose from the action of specific bacteria on the sugar. But in recent years 
P. Ehrlich has thrown doubt on the formation of an alcohol with a branched chain from a si^ar with a direct 
chain, and has now shown that it is the proteins of the malt and their decomposition products which furnish 
nitrogen to the yeast for the synthesis of its protem constituents and at the same time form amyl alwhoL In 
fact, in the fermentation of a pure sugar, Ehrlich obtained a quantity of fusel oil yroyoriional to the quantity 
of leucine added ; he was also able to obtain an amount of fusel oil equal to 7 per cent, of the alcohol formed 
(the usual amount being 0-4 to 0-6 per cent.) and, further, he succeeded m reducing the formation of fusel oil 
considerably by the addition of ammonium salts. The United States imported SiSSO tons (£122,000) of fusel 
oil in 1910 and 2900 tons (£255,000) m 1911. 

^ The estimation of S Tnaii quantities of benzem in denaturated alcohol can be carried out by means of Rdse's 
apparatus (foi more than 1 per cent, of benzene). The best method is to dilute lOO c.c. of the alcohol to a con- 
centration of 24-7 per cent, by weight and to distil the whole ; the first 10 c.c. of the well-cooled distillate are 
diluted to 20 to 25 c.c. with water in a graduated cylmder ; the volume of the benzene which separates is increased 
by 0-3 per cent., which is a constant error of the method. This metihod of HoMe and Wlnterfeld (1908) is based 
on the fact that when the alcohol is diluted with water, the pressure of the benzene is considerably augmented, 
whdst that of the alcohol IS diniinished. 

To ascertam if methyl aleoho as present in alcohol, 1 <xc. of it is treated with 1 c.c, of chromie acid solution 
XL 10 • 
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ALCOHOL METERS OR MEASURERS. These are important instruments, as in 
nearly all countries the manufacture of alcohol is subject to taxation which is calculated 
on the epiantity of alcohol passing through a sealed meter indicating automatically the 
corresponding amount of pure alcohol (100 per cent.). The Siemens measurer is the one 
most used (Figs. 143 and 144) and somewhat resembles the gas-meter (see p. 50) even in 
its registration. The alcohol, which enters laterally by the tube Z, is discharged into the 
inner central part of the drum, B, i.e^ into D, this being divided longitudinally into three 
small chambers furnished with apertures, ?’b r® ; when the small chamber is about half 
full the alcohol falls into the large lower chamber (e.g. I), which has a capacity of 4 litres. 
When this chamber is filled with alcohol the level of the latter reaches the chamber i), 
the alcohol then fallmg through into II and displacing the equilibrium, so that the 

drum, j 5, is forced round in the sense 
of the arrow. At the same time the 
first 4 litres of alcohol are discharged 
into the vessel G, which communicates 
with the storage reservoir by means 
of the tube G, The compartment II 
then occupies the position of J, and 
so on. The axis of the drum is con- 
nected with a suitable automatic regis- 
tering device. At the same time, in 
the cylinder A in front of the drum, 
the alcohol which passes through raises 
the float, P, more or less according to 
its strength, and a screw, Q, operates the lever, P, and so moves the index, /S', the point of 
which registers the alcoholic strength on a paper ribbon moving along a carefully calcu- 
lated curve, X. In order that alcohols of different concentrations may be well mixed 
and so influence the float correctly, they are delivered at P, where there are two tubes ; 
one of these, a, collecting the lighter 
alcohol, rises and then descends (c), dis- 
charging into the bottom of A by the per- 
forated tube, e ; the denser alcohol passes 
preferably along h and is discharged 
through the perforated tube, d, at the top 
of j4, so that mixing is rapid and com- 
plete. The registration is also independent 
of the temperature of the alcohol, as its 
expansion (or contraction) is allowed for 
by that of the float. 

ALCOHOLOMETRY AND TESTS 
FOR ALCOHOL. As a rule alcohol is 
sold practically by volume and not by 
weight ; 1 litre of absolute alcohol weighs 
0*7937 kilo or 1 kilo measures 1-2694 litre, 
industrially alcohol is stated to be of so 
many litre-degrees ; thus 100 litres of 2 per cent, alcohol would contain 200 litre-degrees 
(100 X 2), and 100 litres of 50 per cent, alcohol would indicate 5000 litre-degrees, which 
would also be given by 1000 litres of 5 per cent, alcohol ; so also 75*48 litres of 100 per 
cent, alcohol would be expressed as 7548 litre-degrees. Alcohol is taxed on the basis of 
the number of litres of absolute alcohol. 

The alcohol-content of an aqueous alcoholic solution is deduced from the specific 
gravity determined by the Westphal balance, or directly by the Gay-Lussac alcoholometer 
(at 15°) in France, or by the Tralles official aUoholorna&r (at 15*56°) in Italy and Germany, 
these giving the percentage of alcohol by volume contained in 100 vols. of the aqueous 

and 5 c,c. of water, the whole being then carefully distilled until only 0-5 c.c. remains. The distillate Is condensed 
in a long air-cooled tube and coUected m a test-tube, the condensei>tube being washed out with 2 c c of distilled 
water. One drop of ferric chloride and two of albumin solution are added to the test-tube, which is shaken * 
S C.C. of concentrated sulphuric acid are then cautiously added. The immediate appearance of a violet ring at 
the JBone separating the two layers indicates tl^t the original alcohol contained more than 6 per cent of methyl 
: rf the violation appears after a minute, the proportion is 1 to 5 per cent, and if after two uunutes less than 
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alcohol. The reading on the alcoholometer is made at the point of the stem coincident 
with the lower meniscus, which is well seen by looking rather below the surface of the 
liquid (Fig. 145 ) ; to avoid error, the alcoholometer must be so im- 
mersed that the whole of the graduated stem is not wetted (see 
vol. i, p. 75). To determine the percentage by weight contanied 
in 100 vols. the percentage by volume is multiplied by 0*7937 
(specific gravity of absolute alcohol) and divided by the specific 
gravity of the alcohol examined (see Table on p. 148), 

To correct the alcohol reading ‘determined at a temperature 
different from 15° (or 15*56° for the Gay-Lussac alcoholometer), 
the following moderately exact formula of Franc ceur is used : 

X = c ± 0’39i, where x is the number of Gay-Lussac degrees at 
15°, c the number of degrees found at the non -normal tempera- 
tme, and i the number of degrees the latter is above or below 15° ; 

the -H sign of the formula is used 
if the tempera tiue is below 15° and 
the - sign if it is above 15°. Thus 
an alcohol shoAdng 72° on the 
Gay-Lussac alcoholometer at a Pio. 145. 

temperature of 28° would have: 
a; = 72 - 0*39 x 13 = 66*93° Gay-Lussac at 15°. 

With dilute alcoholic liquids of complex composi- 
tion (wine, beer, spirits, &c,) the alcoholic degrees cannot 
be deduced from their specific gravities. But, if a given 
volume, e.gf. 100 c.c., is taken and distilled (Fig. 147) 
until all the alcohol has passed over (about 70 c.c.), the 
distillate can be made up to the original volume with 
distilled’ water and its specific gravity and alcoholic 
strength determined in the usual manner. In order to 
prevent frothing during the distillation of beer and wine 
a piece of tannin or a few drops of oil are added. In 
some cases the alcohol of wines and other liquors is 
determined by the Geissler vapo^imeter, which indicates 
the pressure of the vapours from the liquid heated at 100°* 
By means of a Table the alcoholic strength may be read 
off, knowing the vapour pressure ; the latter is measured 
on a special barometric U-tube, B (Fig. 146), to one end 
of which is fixed the bottle, 0, containing mercury and 
the alcoholic liquid and placed in the jacketed vessel, D, 
filled with steam from the boiler, A, This apparatus 
gives results which 
are influenced by 
several factors (dis- 
solved carbon dioxide, 
salts, &c.), so that little use is made of it. In more 
general use is the ebulUoscope devised in 1823 by 
Groningen and subsequently improved by Tabarie 
(1833), Brossard- Vidal (1842), Malligand (1874), 

Salleron (1880), and Amagat (1885). MalJigand’s 
form (Fig. 148) is the most commonly used and is 
based on the different boOing -points possessed by 
alcoholic liquids of different concentrations. The 
reservoir, F, is provided with a cover, through which 
pass a thermometer, T, bent at a right-angle and a 
tube surrounded by the condenser, M. This cover is 
unscrewed and water poured into the reservoir as far as the lowest mark inside, the cover 
being then screwed on (the bulb of the thermometer does not touch the water). The 
bumervX,is then lighted under the small chamber, which is traversed by a brass tube 
communicating with the reservoir ; the part ctf being rath^ higher than a, circulation of 





148 


ORGANIC CHEMISTRY 

WINDISCH’S TABLE EOR CALCULATING THE STRENGTH OE AQUEOUS 

ALCOHOL SOLUTIONS 


Grms. of 
alcohol m 
100 grnis. 


0*9999 

0*9992 

0*9985 

0*9978 

0*9970 

0*9963 

0*9956 

0-9949 

0*9942 

0*9935 

0*9928 

0*9922 

0*9915 

0*9909 

0*9902 

0*9896 

0-9889 

0*9884 

0*9877 

0*9872 

0*9866 

0*9860 

0*9854 

0*9849 

0*9843 

0*9838 

0*9832 

0*9827 

0*9822 

0*9817 

0*9811 

0*9807 

0*9801 

0*9796 

0*9791 

0*9786 

0*9781 

0*9776 

0*9771 

0-9766 

0*9761 

0*9756 

0*9751 

0*9747 

0*9741 

0*9736 

0*9731 

0*9726 

0*9721 

0*9716 

0*9710 

0*9705 

0*9695 

0*9685 

0*9675 

0*9665^ 

0*9655 

0*9645 

0*9630 

0*9620 

0*9605 

0*9590 

0*9580 

0*9565 


C.c. of 
alcohol in 
100 c.c. 


Gnns. of 
alcohol in 
100 c.c. 


sp. gr. 

Grms, of 

C c. of 

Grms. of 

at 

alcohol in 

alcohol in 

alcohol m 

15“ 0. 

100 gims. 

100 c c. 

100 c.c. 

0*9550 

31*66 

38-06 

30-21 

0*9535 

32-55 

39 07 

31*01 

0-9520 

33*42 

40-06 

31*79 

0*9505 

34*28 

41-02 

32-55 

0-9490 

35*11 

41-95 

33-30 

0*9470 

36-21 

43-17 

34*26 

0*9455 

37 01 

44-06 

34*96 

0*9440 

37*80 

44-93 

35*66 

0*9420 

38-84 

46-07 

36*56 

0*9405 

39-61 

46-90 

37-22 

0*9385 

40-62 

47-99 

38*09 

0*9365 

41-61 

49-06 

38-93 

0*9345 

42-59 

50-11 

39*76 

0*9330 

43*31 

50-88 

40*38 

0-9305 

44*51 

52-14 

41*38 

0*9290 

45-22 

52-89 

41*97 

0-9265 

46-39 

64-12 

42*95 

0*9245 

47-32 

55 08 

43*71 

0*9225 

48*24 

56-03 

44*47 

0*9205 

49*16 

56-97 

45*21 

0*9180 

50-29 

58-13 

46*13 

0*9160 

61-20 

59-05 

46*86 

0*9140 

62*09 

59-95 

47*57 

0*9115 

53*21 

61-06 

48*46 

0*9095 

54*10 

61-96 

49*16 

0*9070 

55-20 

63*04 

60-03 

0*9050 

56-09 

63-91 

50*71 

0*9025 

57-18 

64-98 

51*56 

0*9000 

58-27 

66-03 

62-40 

0*8975 

59-36 

67*08 

63*23 

0*8955 

60*23 

67*91 

63*89 

0*8930 

61-31 

68-94 

64*71 

0*8905 

62-39 

69-95 

65*51 

0*8880 

63-47 

70-96 

56*31 

0*8855 

■ 64-54 

71-96 

57-10 

0*8830 

65-61 

72-94 

57*88 

0*8805 

66-67 

73-92 

68*66 

0*8775 

67*95 

76-07 

69*57 

0*8750 

69-01 

76-02 

60*33 

0*8725 

70*06 

76-97 

61*08 

0*8695 

71*33 

78-08 

61-97 

0*8670 

72*37 

79-00 

62*69 

0*8640 

73*63 

80 09 

63*56 

0*8615 

74*67 

80-99 

64*27 

0*8585 

75-91 

82-06 

65*11 

0*8555 

77-15 

83*10 

65*94 

0*8530 

78-17 

83-96 

66*63 

0*8500 

79-40 

84-97 

67*43 

0*8470 

80-62 

86-97 

68*23 

0*8440 

81-83 

86-95 

69-00 

0*8405 

83-23 

88-08 

69*90 

0*8375 

84-42 

89 02 

70-65 

0*8340 

85-80 

90-09 

71*50 

0*8310 

86-97 

90-99 

72*21 

0*8275 

88-31 

92-01 

73-02 

0*8240 

89-64 

93-00 

73*80 

0-8200 

91*13 

94-09 

74*66 

0*8165 

92*41 

95-00 

75*39 

0*8125 

93*85 

96-00 

76*19 

0-8080 

95*43 

97-08 

77*04 

0*8040 

96-79 

97-99 

77*76 

0*7990 

98*46 

99-05 

78*61 

0*7925 

100*00 

100*00 

79*36 


V * vyj ^ JLXVJXl UI VV 111018011* 

^ ^ any specific gra^ty not ^ven in tie TaMe the corresponding alcoholic degree can 
be obtains easily and with sufficient aoouracy by proportional intemolat ^ 
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liquid takes place tlirougli the tubes and reservoir. When the mercury tlireaci of the 
thermometer remains stationary owmg to the water boilmg and the steam hence having 
a constant temperature, the scale is adjusted by the screw, E, so that the zero -point corre- 
sponds with the end of the mercury column. The reservoir is then emptied, rinsed out 
with the wine, &c. (containing less than 15 per cent, of alcohol), and then filled 'uith the 
wine to the upper mark, so that the thermometer bulb dips into the hquid when the cover 
is screwed on. The condenser is filled with cold w’^ater, the burner lighted, and the 
heating continued until the thermometer again shows a constant reading ; the corre- 
sponding scale-reading then gives directly the percentage of alcohol by volume. In the 
case of sweet wines or beers it is advantageous to dilute with an equal volume of water, 
the result given by the mstrument then being doubled. 

All ingenious and simple capillarimeter, recently devised by Bosia and constructed by 
the Italian (Enological Agency, Milan, gives the alcoholic 
strength of wines or spirits with sufficient accuracy in 
three or four minutes. 

The Table given in the footnote ^ indicates the volume 
of water to be added to 100 c.c. of alcohol of known 
strength in order to bring it to a definite lower concen- 
tration. This Table is calculated from the formula : 

X — 100 — - Sj 

where v is the strength of the more concentrated 
alcohol, 8 its specific gravity. S' and V' the specific 
gravity and alcoholic strength required, and x the 
quantity of water to be added to 100 c.c. 

STATISTICS, FISCAL REGULATIONS, DE- 
NATURED ALCOHOL. The annual •production of 
alcohol IS now about 21,000,000 hectols.,® and of 
this 23 per cent, is made in Germany (the taxation 
amounting to £7,600,000 in 1907 and £8,000,000 in 
1909 ; in 1911 the consumption of alcohol in Germany 
fell to 3,650,000 hectols.), 20 per cent, in European 
Russia, 16 per cent, in Austria-Hungary, 14 per cent, 
in France, 15 per cent, in the United States, 10 per cent, in England, and 1*4 per cent, in 
Italy. In 1908 Turkey imported about 175,000 hectols. of alcohol (one-half from Russia), 

1 



Concen- 

tration 

desired 

95 % 
by vol. 

90% 
by vol. 

85 % 
by vol. 

80% 
by vol. 

Given Alcohol at 

75% 1 70% 

by vol. by vol. 

05% 
by vol. 

60% 
by vol. 

Kp; o/ 

OO /o 

by vol. 

50% 
by vol. 

90% 

64 










85 

13 3 

6*56 









80 

20-9 

13*79 

6 83 








75 

29-5 

21*89 

14*48 

7-20 







70 

39-1 

31*10 

23 14 

15*35 

7-64 






65 

50*2 

41 53 

33*03 

24*66 

16 37 

8*15 





60 

63 0 

53*65 

44 48 

35*44 

26*47 

17*58 

8*76 




55 

78-0 

67*87 

57 90 

48*07 

38-32 

28*63 

19*02 

9*47 



50 

95-9 

84 71 

73 90 

73*04 

52*43 

41 73 

31*25 

20*47 

30*35 


45 

117*5 

105 34 

93 30 

81*38 

69*54 

57*78 

48 09 

34-46 

22*90 

11*41 

40 

144 4 

130*80 

117 34 

104-01 

90*76 

77*58 

64*48 

51*43 

38 46 

25*55 

35 

178-7 

163*28 

148 01 

132*88 

107*82 

102 84 

87*93 

70*08 

58 31 

43*58 

30 

224*4 

206*22 

188*57 

171-05 

153*53 

136 34 

118 94 

101*71 

84 54 

67-45 

25 

287*0 

266 12 

245 15 

224*30 

203 61 

182*83 

162*21 

141*65 

121-16 

100*73 

20 

381-8 

355*80 

329 84 

304-01 

278 26 

252 58 

226*98 

201-43 

175-96 

150 55 

15 

539*5 

505*27 

47100 

436-85 

402 81 

368 83 

334*91 

301*07 

267*29 

233*64 

10 

859*0 

804*50 

753 65 

702*89 

652 21 

601 60 

551 06 

500*50 

460*19 

399 85 


c.c. of water to be added to 100 c.c. of the more concentrated alcohol. 


For example, if an alcohol of 90 per cent, by volume is to be diluted to 50 per cent, by volume, to 100 c.c. 
of the former must be added 84-71 c.c. of water. 

‘ See Table on next page. 
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For every 100 litres of alcohol consumed as beverages the following amounts are used 
for industrial purposes : 54 litres in Germany, 19 in Austria, 18 in France, and 14 in 
England. 

These figures indicate the countries where alcoholism is causing the greatest amount 
of harm A 

PRODUCTIO^T OF ALCOHOL IX THOUSANDS OF HECTOLITRES 



1902-3 

1904-5 

1905-6 

1907-8 

1908-9 

Observations 

Germany 

3383 

3791 

4020 


4500 


Austria-Hungary 

2318 

2480 

2700 


2650 


Russia . 

3855 

4196 

4500 


2700 


United States . 

2900 

2900 

2900 




France . 

1800 

2500 

2700 

2538 



England 

1297 

1300 

1284 1 

1400 



Holland . 

354 

367 

351 




Belgium 

328 

329 

389 




Sweden . 

186 

j 195 



220 

(Imports in 







1909 : 12,000 
hectolitres) 

Italy 

173 

' 300 

293 

463 



Denmark 

169 

155 

154 





In Germany the exiiortation ’saiies considerably : 313,400 hectolitres in 1902, 14,000 m 1904, 194,000 in 1906, 
and 9700 m 1908. 


1 Alcoholism. The abuse of alcoholic beverages is leading to the luin and docadonce of coitain nations, since it 
is largely the cause of depopulation and produces actual decay of the human organism Alcoholism pioduccs a 
diminution m stature, as is shown by the increased numbers of those unfit for military service ; it quickly leads 
to crime and folly, and renders the organism easily attackable by all kinds of disease, its effects being felt to the 
third generation. 

Alcohol acts as a poison which first excites and exalts, then intoxicates and depresses the psychic faculty 
more or less permanently. The abuse of wine and spirits is the real cause of much intestinal catauh and of 
certain visceral lesions, and sometimes leads to chronic nephritis, heart-injury, enlargement and inflammation 
of the liver, hepatic cirrhosis, cerebral apoplexy, progressive paralysis, and often to madness. 

Among the industrial classes it is thought that alcohol warms, prevents cold, and gives greater strength during 
work, but this is a great error based on appearances. Almost as soon as it is swallowed, the alcohol of wine and 
spirits is absorbed by the blood by means of the capillaries and brought into contact with all parts of the organism, 
the nervous centres are then more or less paralysed, and the numerous capillaries under the skin dilate, since 
an increased amount of blood rushes to the skin itself. The drinker has, indeed, a red face ; but the sensation 
of great heat is only superficial ; if the surroundings are cold, the heat of the body is more easily dispersed This 
explains why drunken men, sleeping on the roads m the winter, readily die of cold. Nansen, the famous Polar 
explorer, withstood temperatures 52° below zero without using alcoholic liquois. 

The International Congress on Industrial Diseases, held at Milan in 1906, declared that the use of alcohol 
“is unnecessary for the nourishment of the workman, and becomes harmful whcie the work is heavy or long. 
As regards useful eflfects in the food rations of the worker, alcohol may be advantageously replaced by sugar,' 
coffee, and tea.** Alcohol may dimmish the using-up of fat m the oigamsm and hence the consumption of proteins* 
but as a food it is very costly and of little effect. 

During the last few years alcohohpee ivines have been prepared by ciushmg grapes from the best vineyards 
and subjecting the must to filtration and pasteurisation (heating to 60°) so as to lender it clear and prevent 
fermentatidn ; the wine is then stored in hermeticaUy sealed, sterilised bottles. These wines retain the taste 
and fragrance of the grape and have considerable nutritive value since the sugar of the grape remains unchanged 
(15 to 20 per cent.). ® 


Alcohol also has a harmful effect on the reproduction of man, this explaining the slowness or absence of the 
increase in population of nations consuming much alcohol ; as m France, where £6,000,000 was spent in 1898 
on so-called aperitives (absinthe, hitters, &c ) alone. In England £60,000,000 is spent annually on spirits, and 
in Switzerland even £6,000,000. Drink causes the direct or indirect death of about 45,000 people annual’lv in 
Fiance, 40,000 in Germany, 50,000 m England, 20,000 m Belgium, and 100,000 in Russia. In Italy L Fcrriani 
stated that 627 cases of death in 1904 were evidently due to acute alcoholism. Dr. Maiambat affirms that in 
France 72 per cent, of the criminals and 70 per cent, of the individuals (121,688) appearing annually before the 
courts make excessive use of alcoholic Iiquom. In Germany, A. Baei found that 41 7 per cent. (13 706) of the 
pnsoners (32,837) were addicted to drink ; in Switzj^and, it is 41 per cent. ; and in England, 33 per cent of 
those sentenced at the Assizes. In Holland, four-fiffU^ of the crime is attributed to alcohol, and in Sweden three- 
fourths. Similar fibres to the above have been given for Italy. In various countries it has been found that 
25 per of the lunatics are excessive alcohol drinkers In the Salp^>triere Hospital of Pans, 60 out of 83 
babies afflicted with epilepsy had alcoholic parents. In Germany, 30,000 persons are attacked every year bv 
alcoholic delirium and other cerebral disturbances due to abuse of alcohol. ^ 

Alcoholism in Gentany was a national calamity as early as the fifteenth and sixteenth centuries when to 
tte enomo® consumption of ^r wm added that of brandy and. after 1660, of cereal and potato spirit. After 
the eighteenth century, wten the production of cereal and potato spirit became a great induW, their consump- 
enormously to WOg-the mrnual expenditure for alcoholic drmta Counted to 47*. 

o* £1S!0.000,000 for the whole of Germany 
” corresponding with 12 per cent, of their wages. Every year™hete 

^ 2W,000 cas® of mehnety, and 76 per cent of the crimes against the person are the result of drunkLifcss 
The jinestion of alcoholism is closely connected with the social problem, as It is especially among the wSg 
and idle ignorant and ill-nounshed that the victims are found r y ng rue worKing 

' by the fonowing statistics. The Tables 

of the Sedpto life Assomatfoa for eleven years (1884-1894) show that the mortality in the tempLime seXn 
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In 1874 the average consumption of alcohol per inhabitant in Italy amounted to 
6-5 litres, and in 1898 to 10*23 litres, to which must be added about 100 litres of wine.^ 

In Italy the production was 80,000 hectolitres in 1878 ; 165,000 in 1888 ; 187,000 
in 1898-9 ; 306,700 in 1904-5, 90,000 being from cereals, 72,600 from molasses, 

59.000 from wine, 83,000 from vhiasse, and 1725 from fruit. In 1907-8 Italy produced 

463.000 hectolitres and exported 64,000 in 1908 (half in bottles) ; 134,000 in 1909, 40,000 
being in bottles and 7000 sweetened or rendered aromatic for beverages, and 95,000 
in 1910. 

In 1903 there were 3275 distilleries in Italy em^iloying 8670 w’orkmen. In 1904-6 
spirit factories consumed 234,000 quintals of maize, 6000 of durra, and 17,000 of barley, 
rye, millet, and rice ; also 280,000 quintals of molasses and sugar and 53,000 of other 
materials. To these must be added 575,000 hectolitres of vine, 2,600,000 quintals of 
vinasse, and 13,700 of fruit. 

In Germany 80 per cent, of the alcohol comes from potatoes (the cultivation of which 
occupies 3,300,000 hectares out of a total area of 26,000,000 hectares capable of cultiva- 
tion) ; in Austria 60 per cent., in Russia 50 per cent., and in France 20 per cent. ; the rest 
IS obtamed from cereals and saccharine products. 

The origm of the alcohol produced in France is as follows, the numbers representing 
hectolitres : 



From starchy 
matters 

From 

molasses 

From 

beetroot 

From 1 

wine 

From 

cider 

i 

I Total 

1877 . 

163,204 

642,709 

I 272,883 

157,570 

1 9,468 

1,308,881 

1885 . . 

567,768 

728,523 

465,451 

23,240 

i 20,908 

1,864,514 

1897 . , 

484,637 

734,819 

798.484 

83,719 

26,579 

2,208,140 

1901 . . 

269,074 

1,006,933 

578,628 

330,966 

115,220 

2,437,964 

1904 . 

380,710 

626,722 

992,149 

88,509 

1 

2,181,362 
f about 

1908 . 

362,500 

448,000 

1,260,000 

468,000 

. 

\ 2,600,000 


In Italy the tax for manufacturing alcohol was 21 per hectolitre at 100 per cent, in 
1871, £4 in 1883, £6 in 1885, and £7 4a. in 1887 ; to this the sale-tax of £2 8a. was added 

(abstainers) was 57 per cent, and that in the general section (non-abstamers) 81 per cent. In times of epidemics 
nine out of ten non-abstainers die and only two out of ten abstainers. 

The introduction of the alcoholic tendency into Africa, as a result of colonisation, wrought such havoc anmng 
the natives that the International Congresses against Alcoholism held in Brussels in 1899 and 1906 adopted various 
prohibitive and fiscal measures to save the black race of Africa from the terrible plague. Many reniedies for 
alcoholism have been proposed, but singly they are almost all inefficacious, though more useful if combined. 

Increase of the price of drinks and diminution of the number of shops have proved almost useless in France, 
Belgium, and England. In England, however, the latest increase m taxation has diminished by one-third th« 
consumption of spirit ; the amount of beer has fallen from 31*4 to 25 8 litres per head per annum, whilst the 
consumption of tea and wine has increased. In the United States the enormous taxes on alcohol have not 
diminished the consumption of liquors. Sweden has obtamed good results by making a State monopoly of alco- 
holic drinks, by granting licence to sell only to trustworthy persons, by giving them special facilities for, and 
large profits on the sale of other beverages and of food, by abolishing profit on alcoholic drinks and by making 
the licencees responsible for cases of drunkenness on their premises. This example has been partially followed 
in America and England, and many temperance associations ha’ve helped by opening establishments where good 
food and drink are obtainable at low prices, alcohol being banned. Another effective factor against alcohohsm 
IS education and the explanation of the harm done by it : in schools, churches, barracks, the streets, workshop^ 
books, reviews, newspapers, advertisements— indeed everywhere should an intelligent campai^ be waged against 
alcoholic liquor which, as Gladstone said in the House of Commons, commits more slaugMer in ou^ days than the 
three historic plagues : famine} pestilence, and ucar, since it decimates more than famine and pestilence an/l mus more 
than war, and is in all cases a disgrace often lowering man below the level of the brvie. ‘ 

The average annual consumption per head in litres of absolute alcohol in the form of different beverages 
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Beer 

4-8 


Aastria-Hungary . 


1-7 
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1*3 


England 


83 


Belgium 


8-7 


Denmark 


26 


Sweden . 


2-3 


Russia . 


0-2 


United States . 


3*4 


Italy . 


0*1 



Wme 

Spirits 

Total 

0-66 

4-1 

9*5 

2*1 

5-X 

8*9 

17*5 

3-5 

22*3 

0*2 

2*3 

10*8 

0*6 

3*7 

13*0 



7-0 

9-6 

0*06 

3*9 

6-26 



2-5 

2*7 

0-28 

2-7 

6-38 

120 

2?0 

14-1 


In Sweden 87 litres of aloojiol in the form of spirits w^e consumed per inliabitant in 1830, 
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in 1888 (so that the consumer paid about 23 pence per litre in taxation alone ') ; the 
sale-tax ws abolLshed in 1904. A rebate of 90 per cent, of the tax is made on exported 
alcohol (added to marsala, vermouth, &c.). In 1903 alcohol obtained by distilling wmo 
and vinasse and de.stmed for mdustrial use was exempted of all taxation, and to alloviato 
the crisis in the wine industry it was proposed, but in vain, to grant a substantial bounty 
to the distillers of wine and vinasse. In 1911 the tax was raised to £10 16s. per anhydrous 
hectolitre at 15*56°. In 1910 the Italian exchequer received nearly a million sterling 


in alcohol taxes. i i i ^ • 

In Germany the manufacturing tax of ordinary non-denatured alcohol varied prior 

to 1909 from 64s. to 72s. per hectolitre, this being entirely repaid on exported alcoho , 
which in certain cases also enjoyed a bounty of 9s. Before 1909 the tax was based on 
the volume of the wort, so that aU distillers tried to work with concentrated worts (up 
to 25° Brix). Nowadays the payment is made on the volume of anhydrous alcohol 
produced, and the tax varies according to the production, which is established every 
ten years for each factory (contingent 'production). On this contingent quantity the tax 
is 105 marks (shillings) per anhydrous hectolitre, excess production paying 125 marks. 
There are then supplementary taxes of 4 to 14 marks to protect the small factories, so that 
a hectolitre of alcohol, costing of itseK 285. to 325., with taxes, costs £7 45. to £8 85. The 
German Government received about £8,000,000 m alcohol taxes in 1908-9 and expect 
in the future to raise this to £14,000,000 ; but increase in the taxation has been followed 
by a diminution of 25 per cent, in the consumption. Potato spirit is made in 6400 large 
factories, that from cereals in 730 large and 6600 small factories, that from molasses in 
27 special distilleries, and that from wine, fruit, and yeast by about 60,000 small dis- 
tilleries. In Germany, besides the concession of untaxed denatured alcohol to all indus- 
tries, non-denatured alcohol is also allowed free of taxes to scientific IdborcLtories and for 
medicinal uses and military explosives. The alcohol of spirituous beverages imported 
into Germany puys a Customs tax of about £14 165. per quintal. In England the spirit 
duty amounted to about £30,000,000 in 1907. 

In France alcohol for drinking pays a tax of £10 per hectolitre, whilst industrial spirit 
is untaxed (as in Germany), and is sold at about 4*5 pence per litre. 

Denatured Alcohol. In several countries denatured alcohol is allowed free of tax to 
manufacturers, and in Italy in 1903 this spirit was taxed 125. per hectolitre (100 per cent.) 
instead of £8 (which is subject to 25 to 40 per cent, bonus if made from vinasse or wine). 
Denaturation is, however, allowed only for the manufacture of ether, collodion, mercury 
fulminate, varnishes, photographic papers, artificial silk, and alcohol for heating or 
illuminating purposes. In 1905 Italy also abolished the tax of 125. for denatured alcohol 
of whatever origin (cereals, vinasse, &c.), but there remains the cost of the denaturant, 
which sometimes amounts to 25. Qd. or more per hectolitre — for about 3 per centj. of de- 


naturant composed of methylene, acetone, pyridine, and benzene. 

In order that alcohol intended for various industries may not be used for beverages 
(wines, liqueurs, fee.), the Government denatures it by the addition of various substances ^ 
— stinking, coloured, or of unpleasant taste — which cannot be separated from the alcohol 


i 
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per cent. 

per cent. 
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— 
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— 

— 

„ (motors) 

0-75 
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— 
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3*75 

0-5 
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, — 

„ (motors) 

0*5 
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traces 

2-5 

— 

Eussia .... 

10-0 

0-5 

6-0 
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Switzerland 

5-0 

0-32 

2-2 

— 

— 


In the United States methyl alcohol and pyridine are used, and, for special purposes, ether, cadmium iodide, 
ammonium iodide, &c. 

In Kcance denaturation costs about 10 fr. (Ss.) per hectolitre, and the Government makes a rebate of 9 fr. 
In Gemmny it costs only 2 marks (shillings) since much less, although sutacient, denaturant is added. In Italy 
dmaturation isjpossihly esjcessive and too expensive. 
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by any of the ordinary means (distillation, &c.), but which do not damage the alcohol 
for its industrial use. The denaturant should vary according to the use to winch the 
spirit is to be put. There are hence in all countries a general denaturant for alcohol as 
fuel, for motors, &c., and special deiiaturants. As colouring-matter, traces of crystal 
violet (hoxamethyl-2?-rosaniline hydrochloride) are used in Germany. Alcohol intended 
for the manufacture of ether, collodion, and artificial silk is denatured by the addition 
of ether and sometimes of a little acetone ; in Italy, for varnishes, 2 per cent, of methylene, 
2 per cent, of light acetone oils, and 20 per cent, of a 50 per cent, solution of sealing-wax 
are used. It has also been proposed to use part of the stinking products obtained on 
distilling certain bituminous shales. 

In 1906-7, 41,000 hectolitres of alcohol were denatured in Italy with the general 
denaturant for fuel, motors, lighting, &c. (16,790 in 1903-4, about 18,500 in 1904-5, 
over 30,000 in 1905-6, and almost 83,000 in 1910), 1031 hectolitres for making ether 
(about 1100 in 1904-5 and 8120 in 1910), 38 hectolitres for collodion (63 in 1910), 130 
hectolitres for the manufacture of mercury fulminate (140 in 1910), 1625 hectolitres for 
artificial silk in 1910, 50 hectolitres for photographic paper (1910), 995 hectolitres for 
lacquer accordmg to the Dermoid patent, and 1364 hectolitres for other lacquers (1910). 
In France 23,000 hectolitres out of a total of 1,488,000 were denatured in 1879 ; in 1901 

153.000 hectolitres with the general denaturant were used for motors and lighting, and 
98,130 hectolitres with special denaturants for chemical industries ; in 1904, 290,000 
hectolitres with the general denaturant and 133,500 hectolitres with special denaturants, 
the total production being 2,180,000 hectolitres ; in 1907, 600,000 hectolitres w^ere de- 
natured altogether ; and in 1908, about 626,670 hectolitres — 442,758 for heating and 
lighting, 12,054 for varnishes, 21,300 for celluloid, 1147 for dyes, 359 for collodion, 194 
for chloroform, 950 for tannin, 490 for chloral, 138,346 for ether, fulminate of mercury, 
and explosives, 6972 for pharmaceutical products, 587 for scientific purposes, and 1514 
for other uses. 

In the United States, 126,000 hectolitres were denatured in 1908 and 173,000 hecto- 
litres in 1909 (after the law of 1907). In 1910-1911 the United States consumed 250,000 
hectolitres of denatured alcohol. In Norway, in 1910, 400 hectolitres were denatured, 
and the consumption of spirits, which was 40,000 hetcolitres in 1874, diminished to 

15.000 hectolitres in 1910. 

In Germany, 1,400,000 hectolitres of denatured alcohol were sold in 1904-5 (1,582,000 
hectolitres in 1908), of which 36,000 were for motors (in 1903 only 24,000 hectolitres were 
used for this purpose, 12,500 horse-power being developed).^ In 1909-1910, 1,883,000 
hectolitres of alcohol were denatured in Germany. 

Denatured 90 per cent, alcohol now costs 465. per quintal in Italy, whilst in Germany 
it costs only about half this, namely, 25 marks (shillings) per hectolitre (after 1909, with 
the new tax, 485.), in Austria 265., in Switsserland 24s. (retail), and in Belgium 25s. 

UTILISATION OF DISTILLERY RESIDUES. All the components of the prime 
materials used in the production of alcohol are found (excepting the carbohydrates : 
starch and sugar) in the residues (grains, spent wash) left after the distillation of the 
alcohol. 

These residues formerly formed inconvenient refuse, since they readily undergo putre- 
faction and, if discharged into rivers or canals, contaminate the water. In exceptional 
cases, when the distilleries are in large agricultural centres, the residues are used in 
the wet state for cattle-food, but more commonly they are evaporated and dried, these 
dried grains being highly valued as a concentrated fodder, rich in proteins ^ and having 
a restricted (1 ; 3 to 1 : 5) nutritive ratio (ratio between nitrogenous and non-nitrogenous 
substances),® In the fresh residues two-thirds of the part which is not water is dissolved 

^ An automobile weighing 1200 kilos, on a journey of 174 Mloms. (109 miles) at 30 kiloms (19 miles) per 
hour, consumed 11*3 litres of alcohol ; under similar conditions, 10 litres of petrol are retjuired. !For an 8 h.p, 
car, 350 grms. of alcohol or 500 of petrol are used per horse-power hour. IFor automobiles and explosion 
motors in general, the Paris Omnibus Company uses alcohol mixed with 50 per cent, of benzene, this giving a 
better thermal efficiency (34 per cent.). A domestic 25-candle lamp with an Auer mantle uses about 2 grms. of 
alcohol per candle-hour. The use of (dcoUlme, a mixture of alcohol and ether, has now been proposed, and 
from a technical standpoint presents advantages over alcohol and othOT mixtures. ^ 

a The average percentage compositions of the principal residues will be found in the Table on page 154. 

3 j^or fodder f the mUrititie values of the proteins, fats, and non-nitrogenous dig^tible substances are in the 
proportions 3 : 2 : 1, so that the commercial value of a fodder j expressed in mdrUim umts, is given by : nitrogenous 
substances x 3 + fatty substances X 2 -f non-nitavg^ous substances, given by the percentage composition 
pf the digest^U components. 
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and the remaining third suspended m the water. Potatoes give about 10 per cent, of 
dried residue, malt about 40 per cent., and maize 45 to 50 per cent. 

It wiU hence be understood how distilleries have greatly increased the raising of cattle 
and consequently production of stable manure, thus contributing to the fertilisation of 

formerly unfertile lands. i iv; i 

Thc'economics of the diying of these residues has always constituted a difficult problem 
owing to the pre^senee of more than 90 per cent, of water in which part of the nutritive 
products is dissolved and to the fact that the dried residues sell at 8^. to lls, per quintal. 
In many cases the liquid portion is abandoned and the solid part separated by filter- 
presses or centrifuges ; but if the liquid part cannot be got rid of, even after addition 
of lime, ferrous sulphate, &c., it is best to evaporate it by means of the hot fumes from 
the flues, the operation being hastened with disc -stirrers of large surface and with fans. The 
evaporation is sometimes carried out in a vacuum apparatus (see Sugar) furnished with 
stirrers, by which means a marked economy in fuel is effected (see also vol, i, pp. 442— 
444). 



Fig. 149. 


Of the various drying systems (Hatschek, Meeus, Porion and Mehay, Venuleth and 
Ellenberg, Theisen, Biittner and Meyer, &;c.), we shall only deal with that of Donard and 
Boulet, which has been applied with advantage in France and recently also in Italy. 

The solid residue from the filters or centrifuges (perhaps mixed with tlie evaporated 
residue of the liquid portion), still containing more than 50 per cent, of water, is carried 
by mechanical transporters into the vacuum drying apparatus (Fig, 149), consisting 
of a horizontal cast-iron cylinder rotatable about a hollow axis through which the steam 
enters or issues ; its length and diameter are 2*5 metres. Inside are a number of tubes 
(heating area about 60 sq. metres) into which steam is passed from D, the condensed 
water being discharged without coming into contact with the mass to be dried. At the 
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other end, by means of the perforated axis, G\ the interior of the cylinder communicates 
with a double-action exhaust pump to carry away the vapour froni the grains which are 
heated in a vacuum of 700 mm., while the cylinder slowly rotates (three turns per minute). 
The charge consists of 25 to 30 quintals of solid grains, which are dried (to 15 per cent, 
moisture, it then keeping well) in less than four hours, the coal consumption being about 
150 kilos. By thus drying at a relatively low temperature (in a vacuum) and out of 
contact with air, the oil of the grains does not become rancid. 

Since maize-grains contain as much as 15 to 18 per cent, of fat, it is sometimes 
convenient to extract them in one of the forms of apparatus described in the section 
on Tats. 

Special interest attaches to the residues from Molasses and Beet, since these contain 
special nitrogenous compounds (amino-acids) and a large proportion of potassium salts 
utihsable for fertilisers or for chemical products. The evaporation of the liquid part of 
these residues may be carried to a certain stage in the ordinary vacuum plant, the mass 
being subsequently completely evaporated and the residue calcined in suitable furnaces 
(Porion model in Trance and Belgium) which are similar to the reverberatory furnaces 
or muffles used in the preparation of sodium sulphate (see voL i, p. 161). Care must 
be taken not to fuse the mass, which, when discharged, should still be carbonaceous and, 
indeed, sufficiently so to cause it to bum when placed in heaps outside the furnaces ; the 
greyish mass thus obtained — ^known in Trance as saltn — contains : water, 0*3 to 6 per 
cent. ; KCl, 6 to 10 per cent. ; K2SO4, 10 to 14 per cent. ,* potassium phosphate, 0 5 to 1 
per cent. ; K2CO3, 53 to 58 per cent. ; NaoCOs, 6 to 0 per cent. ; soluble substances, 9 to 
14 per cent. By this treatment, however, all the nitrogen compounds are lost ; but in 
some cases these are used for the extraction of methyl chloride (see p. 96). The process 
for extracting pure potassium carbonate, ammonia, and sodium cyanide is referred to 
in vol. i, p. 435. 

During recent years the utilisation of these nitrogenous substances has assumed great 
importance : according to the Effront patents (1907), the amino -acids are utilised by 
enzymic processes^ for the preparation of organic acids and ammonium sulphate (with 
each hectolitre of alcohol produced correspond 25 kilos of ammonium sulphate and 
35 grms. of organic acids, principally acetic, propionic, and butyric). Since 1902, the 
Dessau Sugar Refinery, and since 1904 the Ammonia Company of Hildesheim, have 
utilised the nitrogen compounds as potassium cyanide and ammonium sulphate. In 
1907 the Ammonia Company utilised 60 per cent, of the nitrogen of the residues, 
producing potassium cyanide to the value of £80,000 and ammonium sulphate to the 
value of £20,000. 

alcohoLic beverages 

WINE. Only the liquid obtained by the spontaneous alcoholic fermentation of the 
must of fresh grapes, without any addition, should be called wine. The fermentation 
is spontaneous owing to the presence on the grapes of Saccharomyces cerevisice, 

Grapemust has the sp. gr. 1*08 to TIO and contains 70 to 86 per cent, of water, 16 to 36 per 
cent, of sugar (glucose and levulose, which reduce Tehling’s solution) ; 1 to .3 per cent, of 
cream of tartar, tartaric, malic, and tannic acids ; 0*4 to 1 per cent, of colouring, aromatic, 
extractive, gummy, and protein substances, and mineral salts. If the musts have to 
be transported over long distances, either they are concentrated in a vacuum or by freezing, 
or the fermentation is interrupted for a time by filtering them. One quintal of grapes 
gives 60 to 70 litres of must and 30 to 35 Idlos of residue (marc). 

By fermentation in open vats the sugar is transformed, more or less completely, in 
7 or 8 days into alcohol, large quantities of carbon dioxide being developed and 
a little glycerol, succinic acid, &c., always being formed. With more than 25 per cent, 
of sugar, sweet wines are obtained, and with less, dry wines. Fermentation cannot yield 
more than 15 to 16 per cent- of alcohol, as with more than this proportion the yeast dies. 
After the principal fermentation, when the wine, without the marc, is placed in casks 
of chestnut or oak, a slow fermentation goes on, this ceasing in the winto ; with increase 
in the alcohol-content and lowering of the temperature, the yeast and part of the tartar 

* EMich ms the first to show that the fermentation of amino-acids is produced hy awMmm. Bfifront (1908) 
found that amidases occur especially in top beer-y(^ts and in aerobic yeasts which, in seventy -two hours at 40* 
are able to transform, e.g. all the nitrogen of an alkaline asparagine {s&e this) solution, and almost all the nitrogen 
of the yeast itself into ammoniacal nitrogen, organic acids being formed at the same time. 
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(slightly soluble in alcoholic liq^uids) are deposited. In the spring, the clear wine is 
decanted into clean (snlphnred ?) casks, which are kept full. It can now be placed on 
the market, or it can be further matured by clarifying it in the cask (by shaking with 
albumin and a little tannin and allowing to stand) and by decanting and filtering it several 
times during the course of a year or more before placing in well -cleaned bottles ; the 
latter are corked by machinery with paraffined corks. As time goes on, the wine acquires 
a pleasing aroma, this process being hastened sometimes by pasteurisation, wliicli consists 
in passing the wine rapidly through coils heated to about 60® ; this process ^aho arrests 
certain incipient diseases, which would otherwise end by spoiling the wine (acidity, &c.). 
Sparkling wines are obtained by saturating the cold wine with carbon dioxide during 
bottling or by bottling sweet wines, the fermentation of which continues slowly in the 
corked bottle ; in the latter case, however, a deposit forms at the bottom of the bottle. 

In order to obtain wines of constant type on a large scale, co-operative wineries have 
been recently instituted in France, these collecting the grapes or must from a whole 
district, mixing it and preventing it from fermenting by saturating it in the cold with 
sulphur dioxide (70 grins, liquid SO 2 p^r hectolitre) ; in this way, not only the yeasts, 
but also the moulds, bacteria, and unpleasant odours are destroyed and the must can 
then be kept for months in closed vessels. When part of the must is to be converted 
into wine, it is heated at 50® to 60° in a vacuum hy allowing it to pass down a kind of recti- 
fying column (Barhet, Oer. Pat. 195,235, 1906), the sulphur dioxide thus removed being 
recovered ; selected yeast or other wine rich in yeast is then added, the resulting wines 
being of uniform and improved character, although somewhat rich in sulphates. These 
desulphurated musts might well he used as non-alcoholic wines. There are also special 
yeasts capable of destroying SO 2 in the musts and of starting fermentation. In Italy 
much has been said in favour of co-operation in 1909 and 1910, but no trial has been 
made on a large scale. 

The proportions of the most important components of wine vary between wide limits, 
owing to variation of the vines, soil, climate, system of wine-making, and season (certain 
wines contain manganese, sometimes as much as 27 mgrms. per litre). 

It is hence difficult to ascertain if there has been an artificial addition of constituents 
similar to those naturally present in the wine, so that considerable dilution with water and 
addition of alcohol, glycerol, tartar, sugar, &c., are not easy to detect if they do not 
exceed such limits. Natural wines may contain 8 to 1 6 per cent, of alcohol, 1 * 6 to 4 per cent . 
(for dry wines, and as much as 20 per cent, or more for sweet wines) of dry extract 
(obtained by evaporating a definite volume to dryness on a water-bath and drying in 
an oven at 100°), 0*5 to 1*5 percent, of various acids and tartar (expressed as tartaric acid) 
and 0*15 to 0*45 per cent, of mineral substances {ash, obtained by calcining the dry extract ) ; 
the glycerol varies from one-seventh to one-fourteenth part of the alcohol. Naturally 
these variations are much smaller for wines of a certain quality and year and obtained 
from one and the same district, for which the results of numerous analyses have been 
collected. 

In Italy the following minimum legal limits have been recently (Ministerial Circular, 
1907) established as those which must he reached for a wine to be called natural (except 
in cases where genuine wines of the same origin and year are shown to give lower limits) ; 
alcohol, 8 per cent, by volume in white wines, 9 per cent, in red ; dry extract without sugar, 
1*6 (white), 2*1 (red) ; total acidity expressed as tartaric acid, 0*5 (white), 0*6 (red) ; 
ash, 0 15 (white), 0*2 (red) ; alkalinity of the ash in e.c. of normal alkali per litre, 11 
(white), 16 (red) ; the glycerol should be from one-seventh to one -fourteenth by weight 
of the alcohol, and the relation between ash and extract (for dry wines or for sweet wines 
after deducting the sugar) should be about 1 : 10 ; plastering,'^ expressed as sulphuric 
acid, should not exceed 0*02 per cent. 

In France, and now also in Italy, watering of a ■wine is detected by adding the per- 
centage of alcohol by volume to the total acidity per litre expressed as sulphuric acid ; 
this should give 13*5 for red and 12*5 for white wines (in Milan, 12*5 is allowed for red 
and 11*5 for white wine). Wines weak in alcohol or tartar do not keep well in the warm 

^ In order to prevent certain diseases to wMch southern wines low in acidity are liable, recourse is had to 
TplaMermg, addition of sulphites or bisulphites, which increase the quantities of sulphuric acid and sulphates. 

Thus some wines remain clear in the bottle, but become turbid and dark on exposure to the air ; this disease, 
termed is prevented by addition of potassium bisulphite, which also arrests secondary fermentation. 
To make certain weak wines keep better m summer in tapped casks, calcium sulphite is added, this giving a slow 
eVolotibn of Bulphor dioxide. 
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weather. A weak wine can be improved by either mixing with stronger wines or con- 
centrating by freezing, water then separating in the form of ice (this method, in use even 
in the Middle Ages, has recently been patented in Italy !) 

New wine has sometimes the smell and taste of rotten eggs, i,e. of hydrogen sulphide ; 
this can be remedied by decanting it into casks in which sulphur has been burnt : 
2 H 2 S + SO 2 = 2 H 2 O + 3SA 

From the vinasse remaining after the wine is drawn off a little rather rougher wine 
can still be obtained by subjecting it to considerable pressure, and from the pressed vinasse 
alcohol {see above) and tartar {see later) can be extracted. 

The testing or analysis of wine is usually limited to determining the alcohol (by the 
method described on p. 146), di-y extract, ash (see above), glycerol, plastering, and 
total acidity, and to testing for the addition of colouring-matter and other adultera- 
tions.^ 

Statistics. The countries which produce the most wine are France, Italy, and Spain. 
For Italy the statistics are very contradictory, and even the official ones are erroneous ; 
for instance, the production for 1909, which was given officially as 40,000,000 hectols. 
was officially corrected in 1910 to 60,000,000 hectols, 

‘ To desulphur musts and wines, use is sometimes made of a small quantity of urotropine (hexamethylene- 
tetramine) ; such addition can be detected, according to Fonzes-Diacon and Bonis (1910) by distilling 25 c.c. 
of the wine with 3 drops of sulphuric acid, acidifymg the first 5 c.c. of distillate with 1 c.c. of sulphuric acid, and 
observing if it colours a solution of fuchsme decolorised with sulphur dioxide. The residue from the distillation 
is rendered alkaline with magnesium hydroxide and distilled, the vapours distilling over being condensed in a 
known volume of N/10 sulphuric acid, which is titrated back to ascertain how much ammonia distils over from 
the urotropine. 

^ The Total Acidity is estimated by titrating 10 c.c, of the wine, diluted with water, with N, 10 sodium hydroxide 
solution, using blue litmus paper as indicator ; multiplication of the number of c.c. of KaOH by 0-75 gives the 
total acidity in 100 c c , expressed as tartaric acid. A volatile acidity (acid that distils in a current of steam) 
exceeding 0*1 per cent., expressed as acetic acid, indicates a sour wine. 

The Glycerol is determined by evaporating 100 c.c. of wine to about 10 c.c. on the water-bath, then adding 
sand and milk of lime until it is strongly alkaline and evapoiating to dryness ; the residue is taken up m 50 c.c. 
of 95 per cent, alcohol, the solution boiled and filtered, and the residue washed with 150 c.c. of hot alcohol ; the 
filtrate is then evaporated on the water-bath to a syrup, which is well mixed with 10 c.c. of absolute alcohol and 
15 c.c. of ether, allowed to deposit, filtered into a tared dish, the residue on the filter being washed with a mixture 
of equal volumes of alcohol and ether. Evaporation of the solvent leaves the glycerol, which is dried in a steam- 
oven and weighed. 

Plastering is allowed bylaw up to a maximum quantity of total sulphuric acid (of sulphates) corresponding 
with 2 grms. of normal potassium sulphate per Utre. Hence, on adding to 50 c.c. of the wine, 50 c.c. of a solution 
of BaCl 2 (2*8 grms. of the crystallised salt and 50 c.c. of HCl to a litre), boiling, allowing to stand, and filtering, 
the filtrate should give no further precipitate with barium chloride solution, that already added being exactly 
sufficient to precipitate the maximum allowable amount of potassium sulphate. Excessive suLphuration of wines 
IS sometimes masked by the addition of urotropine (see above), which decomposes into ammonia and formal- 
dehyde, the latter fixing the sulphurous anhydride ; this can, however, be detected by Schiff s reaction (see 
Aldehydes). 

Artificial Coloration. 100 c.c. of the wine are evaporated to about one-third the volume, 3 to 4 c.c. of 10 per 
cent, HCl and 0*5 grm. of well defatted white wool being then added and the liquid boiled fox five minutes ; the 
solution is then poured off, and the wool, after being thoroughly rinsed in ninning water, is repeatedly boiled 
with fresh quantities of water acidified with HCl until the latter no longer becomes coloured ; the wool is again 
well washed with water and boiled for ten minutes with 60 c.c. of water and 15 to 20 drops of concentraied 
ammonia solution, the wool being then removed and the boiling continued to expel the ammonia ; the liquid is 
then slightly acidified with HCl and boiled for five minutes with fr^h wooL If the latter, after washmg, 
remains distinctly red, the presence of artificial coal-tar coloum in the wme may be certified ; but if the colour 
of the wool is faint or indefinite, the colour is removed with water and ammonia, and the solution acidified and 
boiled with fresh wool ; even a famt red coloration of this confirms the presence of coal-tar dye. 

L. Bemardmi (1910) finds that if the lower end of a strip of filter-paper is dipped into wme coloured with 
vegetable or animal substances, these rise to a greater height than the cenocyanin, which is more tenaciously 
fixed ; hence, after the paper has been dried, different parts can be tested for artificial colouring-matters by the 
characteristic general reactions (see Table of Colouxmg-Matters m Part III). 

It has been observed recently that the natural colours are slowly decolorised (in 48 hours) by hydrogen 
peroxide, whilst the artificial ones are not. 

Salicylic Acid and Saccharin are detected as in beer (see later). 

Added water is difficult to recognise if it does not bring the constituents of the wine below the legal limits 
(see above), and sometimes as much as 40 per cent, of water can be added to strong wines without reaching these 
hmite. However, since natural wines never contam nitrates, which are present m almost all waters, the foEowmg 
test may be made : 100 c.c. of the wine are treated with 6 c.c. of lead acetate solution and filtered. To the filtrate 
are added 4 c.c. of concentrated magnesium sulphate solution and a little pure animal charcoal, the liquid being 
shaken, allowed to stand a short time, and then filtered. To a few drops of the deqolorised liquid are added a 
few crystals of diphenylamme and 1 to 2 c.c. of concentrated sulphuric acid. If a blue coloration is formed, the 
presence of nitrates is demonstrated — ^the reagents being assumed to be pure. If the wme is watered with dis^Eed 
or condensed water, or pure ram water, the reaction for nitrates is not given. 

The^ddition of Glucose to wme or Ittpieurs is detected by adding to the wine a little pure yeast (preyed yeast) 
so as to ferment completely any grape-sugar still present as well as the added ^ucose. Commercial ^ucose, 
prepared from starch, always contains a small quantity of unfermentahle, dextro-rotatory substances, so that 
if the wine, after fermentation is complete (when no more CO, is evolved) and after decolonsation with animal 
charcoal or with a little lead acetate, still exhibits a dextio-rotation greater than 0*5® In a 20 <m. tube, the presence 
o|,giueo8e is proved. 
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The following figures represent hectolitres (1 hectolitre = 22 gallons) : 



1 France 

( 

j Italy 


1 Piodiiction 

Production 

Exportation 

1875 

1 

j 83,000,000 

28,000,000 

363,000 

1879 

23,000,000 

(phylloxera) 

34,000,000 

1,075,000 

1884 

34,781,000 

21,000,000 

2,380,000 

1887 

24,333,000 

34,000,000 

3,603,000 (2,800,000 to Franco) 

1889 

23,000.000 

22,000,000 

1,440,000 (commercial treaty with France 
broken in 1887) 

1893 

59,000,000 

32,000,000 

2,362,000 (750,000 to Austria-Hungary ; 

300.000 to Switzerland,’- and 

426.000 to America) 

1897 1 

32,000,000 

28,000,000 

2,400,000 

1901 

58,000,000 

44,000,000 

1,334,000 

1902 

— 

35,000,000 

2,164,000 (976,300 to Austria-Hungary). 

1903 

39,000,000 

— 

— 

1904 

— 

42,000,000 

1,200,000 (Austro-Hungarian market lost 
by new commercial treaty) 

1905 

: 57,000,000 

28,000,000 

980,000 (worth £1,400,000) 

1906 

02,000,000 

30,000,000 

710,000 

1907 

66,070,000 

54,000,000 

920,000 

1908 

66,500,000 

52,000,000 

1,200,000 

1909 

66,000,000 

60,000,000 

1,450,000 (France has a vine area of 1,625,630 
and Italy of 3,500,000 hectares) 

1910 

— 

42,000,000 

2,000,000 


In the Italian exportation is included that of marsala, vermouth, and bottled wine, 
this amounting in 1885 to 1,200,000 bottles and flasks (including vermouth and marsala), 
in 1894 to 8,000,000, in 1897 to 4,720,000, in 1904 to 8,120,000, and in 1905 to 9,000,000 
(worth £440,000), whilst in 1891 France exported 33,000,000 bottles (worth £3,800,000) 
and to-day has an enormous export. 

The world's production of wine in 1902 was 126,000,000 hectolitres: 16,000,000 in 
Spain, 5,200,000 in Austria, 2,000,000 in Hungary, 5,000,000 in Portugal, 3,500,000 
in Algeria, 2,000,000 in Germany (formerly 3,700,000 ; m 1906 1,636,000 and in 1907 

2.492.000 from 118,600 hectares of vineyards, in 1910 846,139 hectolitres), 2,300,000 in 
Russia, almost 2,000,000 in Turkey and Cyprus, nearly 1,000,000 in Greece and its islands, 

2.300.000 in Bulgaria, 2,700,000 in Roumania, 500,000 in Servia, 1,100,000 in the 


* The following is a statistical resume of the wme imported into Switzerland from 1906 to 1910 (in 
hectolitres) : 


From 

1906 

1907 

1908 

1909 

1910 

Italy 

137,843 

300,208 

531,776 

651,726 

828,559 

France . 

. 273,731 

581,163 

363,769 

386,486 

216,909 

Spam 

m,587 

219,666 

415,052 

362,347 

422,775 

Austria . 

53,411 

78,104 

69,634 

91,034 

110,608 

Greece 

9,370 

10,120 

12,209 

42,234 

64,874 

Algena-Tunis . 

19,520 

52,501 

17,342 

11,118 

10,714 

Germany 

10,009 

8,870 

7,619 

7,650 

5,504 

Turkey . 

5,743 

5,183 

3,637 

2,865 

2,451 

Other countries 

60 

50 

62 

457 


I^DtaJ hectolitres 

633,566 

1,255,865 

1,421,290 

1,546,027 

1,676,427 

Total value 


— 1 


£1,430,800 

£2,255,840 
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VARIOUS WINES, ETC. 

United States, 1,500,000 in Argentine, 2,500,000 in Chili, 350,000 in Brazil, 327,000 
in Australia, <&;c. The total production in 1909 was estimated at 160,000,000 hectolitres. 
The average annual consumption per head is 144 litres in Branee, 121 m Italy, and 110 
in Spain, In Milan in 1909 duty was paid on 1,000,000 hectolitres, the Corporation 
receiving £420,000, and the consumption per head bemg 200 litres. 

In 1905 Italy exported to Germany 124,000 quintals of dessert grapes, whilst France^ 
exported only 78,000 quintals. In 1892 Italy exported about 260,000 hectolitres of 
wine to Germany, but less amomits m subsequent years. ^ 

MARSALA. This is a liqueur wine made for the first time at Tuipani in 1773 by 
J. Woadhouse of Liverpool to compete with the world-famous Madeira. In 1812 another 
large establishment was started by the Englishman, Benjamin Ingham, and in 1840 
Vincenzo Florio’s factory which has since become the most celebrated. The prime 
material for the manufacture of Marsala is white Trapani wine with 13 per cent, of alcohol, 
to which is added (m quantity varying for different types of Marsala) the must {eoiio) of very 
mature white grapes, concentrated in open boilers until two -thirds have evaporated ; 
then is added, in varying amount, the sifone, obtained by filling a cask to the extent of 
three-fourths with clear must from a very ripe white grape, and one -fourth with pure 
alcohol (free from tax if for export), mixing and allowing to age so as to devedop the 
Marsala aroma. 

Mixtures of these three components in different proportions give the various brands 
of Marsala: the Italian brand is the least alcoholic (16 to 17 per cent.) ; the original English 
brand, the strongest (up to 24 per cent, of alcohol) ; while the ^largJierita and Garibaldi 
brands are of mtermediate strengths and are sweeter. 

Li 1904 Italy exported in cask 30,540 hectolitres of Marsala, worth £92,000 ; in 
1905,29,765 hectolitres, worth £83,280, and 51,000 bottles, value £2040 ; in 1906,26,800 
hectolitres ; m 1907, 27,677 hectolitres ; in 1908,24,900 hectolitres ; and in 1909,24,800 
hectolitres, of the value of £97,600, together with 136,000 bottles. In 1910 the exportation 
was 32,500 hectolitres. 

VERMOUTH. This was prepared formerly in Tuscany, but nowadays almost 
exclusively in Piedmont, where the industry was started in 1835 by Giuseppe Cora and 
A. Marendazzo. 

The prime material for manufacturing vermouth is the muscat wine of Asti and of 
the Monferrato heights j which contains 6 to 11 per cent, of alcohol and 2 to 4 per cent, of 
sugar ; with this is mixed 2 to 5 per cent, of a vinous infusion of aromatic drugs in which 
wormwood predominates and which contains also sweet flag, jumper, gentian, &c. ; 
finally alcohol is added to bring the strength up to 15 to 18 per cent, and sugar to the density 
of 6° to 9° Be. (if for exportation, 90 per cent, of the alcohol and sugar taxes are refunded). 
Sparkling vermouth is made by saturating it with CO 2 in the cold under pressure. 

It cannot be said that in the manufacture of Marsala and vermouth all the rational 
methods prescribed by modern oenotechnics are followed. 

The production of vermouth in Piedmont is now about 250,000 hectolitres, the exports 
(especially to America) being 12,400 hectolitres in cask and 31,214 hectolitres in bottle 
in 1902 ; 10,000 hectolitres (£24,000) in cask and 53,500 hectolitres (£224,000) in bottle 
in 1905 ; 8960 hectolitres in cask and 64,980 hectolitres in bottle in 1906 ; 8600 hecto- 
litres in cask and 77,800 hectolitres in bottle in 1907 ; 7874 hectolitres in cask and 83,300 
hectolitres in bottle in 1908 ; 10,176 hectolitres in cask (£27,680) and 100,000 hectolitres 
in bottle (£464,920) in 1909 ; 20,400 hectolitres in cask (£53,040) and 173,670 hectolitres 
in bottle (£760,000) in 1910. 

CIDER. This is an alcoholic drink obtained by the partial fermentation of the juice 
of apples and pears. It is largely used in the north of France, in Germany, and in Swit- 
zerland. It is consumed almost immediately it is made. In France the production 
varies from 8,000,0000 to 30,000,000 hectolitres, part of which is distilled to produce 
alcohol (30,000 to 70,000 hectolitres of alcohol). 

LIQUEURS. These contain 40 to 70 per cent, of alcohol. The finest are those obtained 
by collecting the first, more highly alcoholic distillate from other fermented liquors. 
Such are brandy (prepared by distilling vinasse or wine and containing 45 to 55 per cent, of 
alcohol), cognac, kirschwasser (obtained especially from the cfiimTies of the Black Forest)^ 

1 The import duties levied by different countries on IMian wines are as follows : Germany, per quinfal ; 
Belgium, 18#. U . ; Holland, 34#. ; England, 23#, for wines witti less than 14-S4 per cent, of alcohol, and 54#. 64. 
for stronger ones ; Itussia, 45#. ; United States, ^4#. 64. ; and British Indiai, 33#. 64. 
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rum (prepared principally in Jamaica by distilling fermented cane-sugar molasses), 
inarascMno (prepared from small Zara cherries), gin (from juniper berries), atole or chica 
of South America, arrack of the Arabs and Indians (prepared from rice, cane-sugar, and 
coco-nuts), schmpps of the Germans (potato spirit), &ic. 

The other class of liqueurs comprises those obtained from aromatic substances, sugar, 
and more or less concentrated pure alcohoL In this way are obtained rosoli, anisette, 
absinthe (aleoholie decoction and distillation with wormwood) — much used in France 
and the prmcipal cause of the terrible effects of alcoholism (p. 150 ) — creme de mentJie, 
creme de cafe, &e. ; i^atafia from fruit must, spirit, and sugar ; Chartreuse (the most cele- 
brated "was that prepared by the Carthusian monks, before their expulsion from France 
in 1901, from balm-mint, cinnamon, saffron, hyssop, angelica, sugar, alcohol, and other 
ingredients), coca (from Bologna), curagao (iSrst prepared from two kmds of orange in the 
island of Corat^ao in the Antilles), hummel (m Russia the best kinds are obtained by 
distilling brandy or alcohohc liquids with Butch cumin seeds and dissolving pure sugar 
m the highly alcohohc distillate). It is unnecessary to mention that all liqueurs, even 
the most celebrated, are more or less poorly imitated in all countries with mixtures in 
no way resembling the original types, hut the latter always command very high prices. 

Cognac is a brandy prepared especially in Charente by very carefully distillmg weak 
wines of special vintages and refining and maturmg the product in casks of Aiigoultoe 
or Limousin oak, which gradually imparts to the spirit a pale yellow colour and a 
characteristic aroma. The finer and older brands sell at as much as £40 per hectolitre. 

FERMENTED MILK. This bears the following names according to the locality 
and method of its preparation and the nature of the milk from which it is made : keplm, 
howmis, galazin, leben (Egypt), and mazun. The first three of these are the best known. 

^KEPHIR, or Kefir, is of very ancient origin among the Caucasian highlanders, who 
nowadays make enormous use of it and jealously keep the secret of its preparation. There 
is a legend to the effect that Allah was the first to make it, and that he recommended it 
as a remedy for various diseases. Kephir is simply cows’ milk (fresh or skim) fermented 
by the addition of a special ferment m the form of granules, which the Russians call 
fungi ” and the Tartars “ grain or millet of the Prophet,” as they regard it as discovered 
by ]!k!^bomet. It was only in 1882 that Br. Bmitrieff called the attention of the rest 
of Russia and of Europe to kephir and its great recuperative properties in eases of lung 
diseases, 

Kern and, later, Freudenreich showed that the alcoholic fermentation of milk with 
millet of the Prophet is due to the simultaneous action {symbiosis) of the new Saccharomyces 
kephiri (similar to ordinary Saccharomyces elUpsoideus), a streptococcus, and a bacillus. 
The alcoholic fermentation of milk-sugar with evolution of CO^ takes place rapidly and 
is always accompanied and followed by acid fermentation (lactic acid), which partially 
dissolves the casein (propeptones) and forms a very fine coagulation, almost a frothy 
emulsion. In practice the kephir granules are softened with tepid water (30® to 35°) for a 
couple of hours, the milk being then added and the mixture shaken every hour for eight 
hours ; it is then sealed up in clean bottles fitted with mechanical stoppers and is shaken 
now and then, the temperature being maintamed at 16® to 20 ® ; in 24 hours’ time 
the kephir is ready ; it forms a slightly alcoholic and acidulated dense, frot^ng liquid. 
If Hie kephir is left in closed bottles for two days, the pressure increases and the mass 
becomes more acid and more liquid ; by the third day it becomes extremely acid and 
contains up to about 2 per cent, of alcohol, and after this it is inadvisable to drink it. 

In Italy kephir or kephir-extract is placed on the market by the BorgosatoUo Dairy 
(Brescia) and kephir dried in vacuo is also prepared (Rosemherger, Ger. Pat. 198,869, 
1907). 

KOUMIS is similar to kephir, and of equally ancient origin, but is prepared from 
mares’ m il k . In Russia there are various sanatoria which make effioacious use of large 
quantities of koumis. Th.e composition of the latter has been found to bo : Water, 
94 per cent. ; COg, 0-9 ; ethyl alcohol, 1-7; lactic acid, 0*7 ; lactose, 1-3 (before fer- 
mentation 5-5) ; fats, 1-3 ; proteins, 2-3 (largely peptonised) ; salts, 0-3. 

GALAZIN is obtained by placing skim (cows’) milk, with 2 per cent, of sugar and 
0-3 per cent, of beer-yeast in strong, tightly stoppered bottles, and aUowmg fermentation 
py proceed for twenty-four hours at 16® ; from the second to the sixth day the proportion 
of alcohol rises from 0*3 to 1-5 per cents. Galazin is less nutritious than kephir or koumis. 
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BEER 

This is another alcoholic liquor saturated with CO2 and is obtained by 
fermenting aqueous decoctions of barley-malt and hops. 

The ancient Egyptians were acquainted with the manufacture of beer and held it in 
great regard. Later it became known to the Ethiopians and the Hebrews,«but the Greelcs 
never acquired a taste for beer. The industry was taken by the Armenians from Egypt 
into the interior of Asia, and still later beer was manufactured in Spain and Erance, but 
it was never consumed by the Homans. In Germany beer has been made from time 
immemorial. 

A marked improvement in the manufacture of beer dates from the time of Charles 
the Great, when hops were first used. 



Fig. 150. Fia. 151. 


Lager beer (see later) was prepared as early as the thirteenth century, and its use has 
since been greatly extended in various countries. 

In England the manufacture has flourished since the fifteenth century, the famous 
porter being first made at the beguining of the eighteenth century. 

The improvements made in brewing operations by the introduction of scientific methods 
have led to a very considerable development of the industry in Germany and elsewhere. 

The prime materials for the manufacture of beer are barley, rice, maize, &c., 
hops, water, and yeast. 

1. A. BARLEY ^ should satisfy the following requirements : 


1 Barley (Tbotaiucal species Kofdmm) used for making beer is of two types : tm-mwed (Fig. 150), in which 
the corns are arranged in the ear in two rows, one on each side, and six-rowed (Fig 151), in which there are three 
rows of corns on each side of the ear. Different kinds of barley can, to some extent, be recognised by the form 
of the small basal brisUe found at the base of tbe com inside the longitudinal furrow. The value of barley for 
brewing purpose is largely influenced by the nature of the soil, climate* methods of cultivation, and manuring. 
Barley is cultivated in all countries and in all climates — Holland and also in Sicily. It is difficult to keep 
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(а) Wlien moistened and kept at 25® to 30®, 80 per cent, of the corns should germinate 
m 48 hours and 90 to 95 per cent, in 72 hours. 

(б) Those are preferred which are heaviest (60 to 70 kilos per hectolitre) and contain 
about 62 per cent, of starch, about 10 per cent, of protem, and 12 to 14 per cent, of moisture. 

(c) The skin should be thm and the colour pale yellow, the ends of the corns not being 
brown. 

Barley starch swells at 50®, and with water forms a paste at 80®. With diastase it 
begins, unlike potato starch, to saccharify as soon as it is completely transformed into 
paste. 

B. Wheat is sometimes used, together with barley, for fale leers. 

C. Maize is used in America after being skinned and degermed, the germ being rich 
in oil. 

D. Rice is used in America and Scandinavia with the barley. 

2. HOPS. The female 

flowers, dry and mature, of 
Humulus lupulus (Fig. 152) 
are used, these containing 10 
to 17 per cent, of a powder 
(which can be separated by 
shaking and sieving) possess- 
ing the aromatic and bitter 
principles which bestow on 
the heer its aroma and keep- 
ing qualities.^ 

varieties pure, since they become 
modified during growth owing to 
crossing. Only by the rational 
system of selection initiated by Di. 
Kilsson at the Svalof Institute is it 
possible to fix different varieties 
with constant, well-marked charac- 
ters suited to the various districts in 
which at one time they originated. 

From a commercial point of 
view, the weight of a barley is of 
importance and good qualities give 
a weight of 40 grms. per 1000 corns, 
or 62 to 67 kilos per hectolitre for thin 
barleys and as much as 70 kilos per 
hectohtie for the larger ones. The 
gianis should have a floury and not 
a vitreous appearance when cut 
through, and there should be few 
broken corns as these do not ger- 
minate and become mouldy on the 
malting floor. Germination tests, 
made on 500 or 1000 corns, should 
show at least 95 per cent, of ger- 
m nated corns in 5 to 6 days. With barley harvested under wet conditions, the ends of the corns are darkened. 

The worM^s production of barley in 1906 amounted to 315,000,000 quintals ; in Prance, in 1909, 10,800,000 
quintals (or 17 million hectols.) were grown on an area of 737,300 hectares ; Italy imported 104,000 quintals 
in 1907, 124,000 in 1908, 176,000 (value £126,120) m 1909, and 178,000 (value £128,120), mostly from Austna- 
Hungaiy, in 1910. 

» The best hops are cultivated in Bohemia (at Saaz), Bavaria, Posen, Wurtemberg, Baden, and Alsace- 
Lorraine, where they are picked towards the end of August. If they are too ripe the bracts of the hop-cones 
open and lupvlm is lost. 

The hop should have a yellowish green, and not a brown, colour, and the bracts should not be opened ; a 
too green colour indicates that the hops have been picked in an unripe condition. The seeds have no value for 
brewing purposes, but the largest hops are of least value. They should not have an unpleasant odoui. Since 
the fresh hops contain 75 to 85 per cent, of moisture, so that they will not keep, it is necessary to dry them in the 
air or in ovens at 25° to 30'’ with a strong current of dry air, untd they contain only 12 to 15 per cent, of moisture; 
they will then keep well, even for a year or more. Their keeping qualities may be improved by sulphuring them 
(with SOj) either when dry or during the drying. Sulphuring is, however, often applied to inferior hops to mask 
their defects. 

The better qualities are seldom sulphured and, when they are well dried, are kept tightly compressed in 
laige sacks or in evacuated metal cylinders. They may also be kept in a very cool place (cold store). 

The bitter flavour and keeping properties imparted by hops depend on their content of a- and ^-hitter adds, 
which varies from 6 to 18 per cent, and is determined by Lmtner’s method as follows : 10 grms of an average 
sample of the hops are heated in a flask graduated at 505 c.c., with 350 c.c of light petroleum (b pt. 30° to 50°) 
for sixliours on a water-bath at 40° to 45°, an efficient reflux condenser being fitted to the flask. When the latter 
fe cold, it is filled to the mark with light petroleum and shaken, the contents then being filtered. 100 c.c. of the 
fliteate, mixed with 80 c.c. of alcohol, are titrated with a decinoimal potassium hydroxide solution m presence 
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3. WATER. Formerly water for brewing purposes was invested with a mysterious 
importance, but nowadays the water is tested in a much more rational and rigorous 
manner. Preference used to be given to moderately soft water, but now waters of medium 
hardness are regarded as best, as it is found that a certain quantity of calcium sulphate 
aids fermentation ; but if the water is too hard, less extract is obtained from the malt 
and hops. Iron is also harmful, and especially so are waters contaminated with bacteria.^ 

The principal operations in the manufacture of beer are as follow : 

(1) CLEANING OF THE BARLEY, to remove dust, soil, stones, damaged and light 
corns, &c. by means of sieves, fans, &;c. 

(2) STEEPING OF THE BARLEY for 2 or 
3 days in water at 11® to 12° m order that it may 
absorb the water necessary for germination. 

For this purpose use is generally made of the 
Neubecker ^ tank (Fig. 153) made of iron plates, 
open at the top and cone-shaped at the bottom. 

In the middle is a wide perforated pipe, E, which 
is surrounded by the barley (500 to 3000 kilos). 

The water is supplied by the pipe W, and is 
discharged through the perforations of E, thus 
covering the barley ; it is then discharged from 
the top of the tank through the pipe U, the 
lighter fioating corns being carried away. After 7 
or 8 hours the water is run off through the tap 
G, and the moist barley left exposed to the air for 
5 or 6 hours. Fresh water is then introduced and 

left for 10 to 12 hours, after which it is run off 153 , 

and the grain exposed for 5 or 6 hours, and so 
on. This procedure is continued for 30 to 50 hours in summer or 70 to lOO hours 
in winter, the corns having in that time absorbed about 40 per cent, of water. 
Steeping of the barley in lime-water has been suggested as a means of preventing 
abnormal fermentations (Windisch, 1901). In some cases steeping is preceded by 
washing the barley in running water in rotating cylinders ; or else compressed air is 
forced into the steeping vessels at frequent intervals, so as to stir the barley. The 



of 10-15 drops of phenolpiitlialein solution. If much fat is present an aliquot part of the light petroleum solution 
IS evaporated and the residue extracted with methyl alcohol, which does not dissolve the fat and, on evaporation, 
gives the bitter acids ; these can then be weighed. 

The quality and commercial value of hops are influenced largely by the nature of the soil and the quality 
of the manure used, as well as by the variety of the hop itself. 

Chemical composition does not always give satisfactory inductions for judging of the value of hops, and this 
IS almost always done by men experienced in valuing hops. Hops give up to alcohol 22 to 30 per cent, of extract, 
about two-thirds of winch is composed of a resin givmg the bitter flavour and acting as an antiseptic towards 
certain bacteria injuriously affecting the keeping of the beer, although it has no influence on the yeast. The 
flavour of the beer is also considerably affected by the tannm contained in the hop to the extent of 2 to 4 per cent. 

The determination of the ethereal extract is also employed in judging of the quality of hops ; with good 
quahties, after evaporation of the ether, 27 to 28 per cent, of residue is left (aee ahove^ Lmtner Test). 

The total area of the earth^s surface under hops m 1909 was 97,421 hectares (of which 29,000 hectares in 
Grcnnany) and the production varied from 10 to 15 quintals per hectare. Germany imported 28,000 quintals of 
hops in 1908 and 36,360 m 1909, hut exported 124,000 quintals in 1908 and 88,000 m 1909. The hops imported 
by the United States were valued at £247,200 in 1910 and at £427,400 in 1911, and those exported at £461,400 
in 1910 and at £851,600 m 1911. 

^ The compositions of various waters are as follows 



Good 

Medium 

Bad 

Dry residue 

Ferric oxide and alumina (FegOsjAlaO*) 

Lime (CaO) ...... 

Magnesia (MgO) 

Sulphuric acid (SO,) 

Ammonia ....... 

hTitrates 

Organic matter (as oxygen absorbed) . 
Hardness (French degrees) . . . - 

Ifumher of bacteria per 1 c.c. 

250-450 

0-1-5 

120-150 

20-50 

20-60 

0-4-4-5 

15-25 

50-500 

450-550 

1-5-2-5 

150-200 

50-80 

60-80 

0-0*5 1 

1-5-2-0 

25-35 

500-4000 

550-700 \ 

200-S00 § 

80—120 , ^ 

100-200 ) 2 

trace-1-5 ® 

'0-5-1-5 « 

2-3 1 

35-50 / ft 

4000-10,000 


These numbers are only indicative and must not be taken too stridly* 
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steep.-R-ater becomes veUowisIi brown and acid, and after some time undergoes lactic 
and but^wio fermentations. At fbe end of the operation, the barley is discharged tlirough 
the loner aperture. A, by undoing the screw, £, and raising the tube, E, by means of 

GERMINATION OF THE BARLEY. The steeped barley is carried to the 
spacious 7 mUi->tg floor, which is fitted with numerous windows to rflow of the renewal 

o£ the air when desired, and is arranged so that 
* - _ i the temperature can be maintained constant at 

i i A 15® to 20°. On the impermeable floor (of cement 

1/ U M W 11/ asphalte), the barley is spread out in a layer 

y Y /K jL 50 to 60 cm. deep, and on the second day the 

V mass is moved with wooden shovels so as to 

\ ^ reduce the depth to SO to 35 cm., this being 

further reduced to 15 cm. on the third day. 

^ • Every 8 or 10 hours the grain is turned, 

the floor being kept well ventilated. The 
temperature gradually rises, but should not be allow'ed to exceed 20° ; if necessary 
it can be modified by tumhig more often and thinning out the barley. After the second 
day the radicles begin to sprout and later the plumule. In eight to ten days the rootlets 
become twice or three times as long as the corn and the transformation of nitrogenous 
material mto diastase is at its maximum (Fig. 154 shows the various stages in the ger- 
mination of barley). The germination should then be interrupted so as not to ]ose any 
part of the diastase formed, the gr^en malt then containing about 40 per cent, of moisture. 
A floor of 20 sq. metres is sufficient for only 1000 litres of steeped gram. If the fiece 
dries too much, it is moistened by sprmkling with water. In order to prevent mould- 
groivth when the floor is free, it, and also the walls, are washed with 1 per cent, calcium 
bisulphite solution, the floors being then well dried by ventilation. 
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The germination is now sometimes carried out on the pneumatic system, use being 
made of the Galland apparatus (Figs. 155 and 156), which consists of a double sheet-iron 
drum, T, rotated by means of the wheels 6 (one rotation in forty minutes). The inner 
drum is perforated and is filled to the extent of four-fifths with barley from the steeping 
tank, PT ; along the axis of the cylinder passes a pipe which is also perforated. Air 
sucked in by a fan, -2, is moistened in A by means of pulverised water, and from 1/ passes 
into the jacket of the drum, then through the perforations and the grain to the central 
pipe, wi- Thence it proceeds to S, and so through the fan to the shaft ; a thermometer 
ii^re shows the temperature of the air, and if this becomes too high the speed of the fan 




165 


PNEUMATIC MALTING 

is increased. If 100 kilos of barley are taken and the air enters at 12° and issues at 20°, 
4500 oil. metres of air are required per hour ; if the air is to leave at 16°, 10,000 cu, metres 
per hour are necessary. The germination lasts 8 to 9 days. 

To stop the germination, a current of dry air, heated to 22° to 25° or mixed with gas 
rich in CO 2 (to dimmish 
the supply of oxygen), 

IS supplied ; m a short 
time the moisture content 
of the gram is reduced 
from 40 per cent, to 20 to 
25 per cent. 

For a malting to give 
continuously 2000 to 
5000 kilos per day, three 
to four steeping- tanks are 
used, these feeding six 
to eight Galland drums 
arranged in batteries (Fig. 

157) ; 6 to 10 horse-power 
are required for turning 
the drums, driving the 
fans, &c. 

The water necessary for steeping amounts to about 10 to 12 times the weight of the 
barley, rather less being required to moisten the air for pneumatic malting. The steep- water 
can hence be used again for the latter purpose if at any time the water-supply is scarce. 



Fig. 157. 



Fig. 158. 


Another system of malting, used especially in France, is that of Saladin (shown in 
perspective in Fig. 158, while Fig. 159 shows a longitudinal section of one of the vessels 
and Fig. 160 a transverse section of the vessels). There is one vessel, made of concrete 



and fitted with a perforated false bottom of sheet-iron, for each day that the germination 
lasts. These vessels, J5, communicate under the false bottom with a channel containing 
Bit, fan which draws moistened air through the mass of haaiey iu the vessel (50 cm. deep). 
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Above each vessel is a mechanical turner, A, with a number of screws which rotate in the 
barley as the turner passes along the vessel. The turner can be transported from one 
vessel to another and is put into operation twice a day at first (the temperature of the 
barlev beino- 12° to 14°), then four times a day (at 16° to 18°), and finally twice a day (at 
18° to 50°).° In some malting.s a savmg is effected by operating the fan only at mtervals— 
when the temperature rises. Dry air, drawn along the channels, iS, is finally passed 

tlirough the malt. , 

The advantages of the various mechanical processes over the old system of malting 

are that thev can be worked continuously and at any season of the year, while they occupy 
less space, allow of efficient regulation of temperature, economise labour and general 

expenses and diminish the percentage of waste. ^ ^ ^ ^ 

(4) KILNING OF MALT. The germinated barley is too moist to keep sound., and 
as breweries require large stocks of malt this must be dry and capable of bemg kept. If 

the moisture is reduced to 6 per cent- by air alone the 

a germination process is stopped, and on subsequently 

raising the temperature to 60° a slight diastatic saccharifi- 
cation occurs, this bemg greater m amount if the moisture 
is kept at 12 to 15 per cent. ; beyond 70° the diastase is 
' destroyed and certam substances formed which give good 
flavour, aroma and fullness of taste to the beer and at the 
same time furnish food for the yeast. When the tempera- 
ture exceeds 100° part of the maltose is caramelised— for 
the making of dark beers — and a considerable amount of 
nitrogenous substances, which would cause the beer to keep 
badly, thrown out of solution. 

In order not to destroy too much of the diastase and to 
make malt suitable for pale beers the drying must first be 
conducted with warm air. When the proportion of mois- 
ture has reached 5 to 6 per cent, the diastase can withstand a 
temperature of 60° to 70° without losing much of its activity ; 
whilst if the malt is heated when it contains too much 
moisture (15 to 20 per cent.) the diastase is rapidly destroyed. 
The drying is carried out in a current of warm air (or of air 
mixed with the hot gases from a coke or anthracite fire), 
which passes through the green malt placed m layers 15 to 20 
cm. deep on wire or tile floors, often arranged one above 
Fig. 161 . the other. Above the upper floor is a chimney, which 

increases and facihtates the draught started by suitable 


fans. The air is heated by passmg directly over a fire or through batteries of tubes 
heated in the usual way. During the drying the malt is turned by a suitable mochanica] 
device, at first every 2 hours and later on continuously. The temperature of the air 
gradually rises, during the course of 84 to 90 hours, by 30° to 35° (during the first few 
hours germination still proceeds feebly, causing mcrease in the diastase), and ends at 100° 
to 110° (for dark beers). Drying is usually effected in less than 48 hom^s, and it is only 
beyond 80° that the diastase partially loses its saccharifying properties (at 90° it loses 
50 per cent, and at 100° 85 per cent.) ; this loss is, however, an advantage, since a too 
highly diastatic malt leads to excessive saccharification and hence to increased attenua- 


tion in the subsequent fermentation, so that the beer tastes less full. The peptases 
also are destroyed beyond 90°, so that the nitrogenous substances are dissolved to a less 
extent and the beer hence keeps better. 

Mg, 161 shows diagrammatically a section of a two -floor malt-kiln in which the air is 
heated in the tubing, surroundiag the ducts carrying the hot fumes from the coal burning 
on the grate, F. The hot air then traverses the malt on the floors, B and G, and issues 
from the chimney, D, the turning apparatus, a, being kept m motion meanwhile. To obtain 
100 kilos of dry malt in 24 hours (maximum temperature 90° to 100°) 20 kilos of coal are 
required. For making dark beers of the Munich type part of the kilned malt is further 
roasted at about 200° in suitable rotating iron cylinders heated by direct fire ; this treat- 
ment leads to die formation of caramel, which colours the beer, the malt being then called 
coloured malt. The temperatures on the maltmg floors and kiln are registered by auto- 
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matic devices whicli construct diagrams showing the temperature at any particular 
moment. 

Nowadays malt for 'pale beers is sometimes heated onl}" to 25° to 30°. 

The kilned malt leaves the kiln with 2 to 5 per cent, of moisture and is then cooled and 
stored in silos or large bins. A malt kept for only 1 or 2 months is to be preferred to an 
older one.^ 

^ The commercial value of a malt is detenmned largely by its yield of extract, which is measured as foUowb ' 
45 gims. of ground malt are placed m a fared jdask with 200 e c. of water, the temperature being kept at exactly 
45® for half an hour and then raised 1® per minute up to 70®, this temperature being mamtamed until the liquid 
no longer gives a blue colour with iodine ; the time required at 70® to leach this jioint is noted {saccharification 
test). The mass is then cooled and water added to bring its total weight up to 450 grms. ; after mixing and 
filtering through a dry filter, the density of the liquid is determined at 15® and by Windisch’s or Schulze’s tables 
the corresponding quantity of extract deduced The latter can also be obtained from Balling’s tables (see below). 
note being taken that they yield low’’ values, the deficit being 0 08 grm. per cent, for specific gravities up to 1*01 , 

0- 345 for specific gravities up to 1 05 ; 0*48 for specific gravities up to 1 06 ; and 0-4 for specific gravities up to 

1- 08. If the maltose is to be determined directly, 10 grms. of the filtered saccharine liquid (corresponding with 
1 grm. malt) are diluted to 100 c c., various quantities of this liqmd being then titrated with Fehling’s solution, 
1 c.c. of which corresponds with 0 0075 grm. of maltose. 

0. Lintner (1886--1908) has modified the Kjeldahl method for determining the diiistaiie 'power of malt as follows : 
25 grms. of the ground malt are extracted for 6 hours with 500 c.c. of W'ater at the ordinary temperature, the 
mixture then being filtered ; 2 c.c. (for pale malts) or 8 c.c. (for dark malts) of the filtrat<‘ are added to 100 c.c 
of 2 per cent soluble starch solution and the mixture left for exactly half an hour, at the end of which time 10 c.c. 
of caustic soda solution are added. Into a number of test-tubes, each containing 5 c.c of Behling’s solution, 
are introduced varying quantities of the saccharified starch solution (e.g. from 1 to 6 c.c.) ; the tubes are next 
immersed for ten minutes in a boiling water-bath and then taken out, and the precipitated cuprous oxide allowed 
to settle ; it can then be seen in which of the tubes the Pehling’s solution is just completely reduced and in w'hieh 
it IS ]ust not reduced. A more exact result can be obtained by using quantities of the saccharified starch solution 
intermediate to those corresponding with these two tubes. When 0-1 c.c. of the cold water malt extract, acting 
for one hour on 10 c c. of 2 per qent. soluble starch solution, forms just sufficient maltose to reduce 5 c.c. of 
Fehling’s solution, the malt is said to have the diastatic power 100 ; if 0 2 c.c. of the malt extract is required, 
the diastatic power is taken as 50, and so on. 

BALLIiTG’S TABLE 


Sp. gr. 
at 17-5® 

Degrees 
Balling or 
grms of 
saccharose 
per 100 
grms. liquid 

Sp. gr. 
at 17-5® 

Degrees 
Balling or 
grms. of 
saccharose 
per 100 
grms. liquid 

Sp gr. 
at 17 5® 

Degrees 
Balling or 
grms. of 
saccharose 
per 100 
grms. liquid 

Sp. gr. 

“ at 17-5® 

Degrees 
Balling or 
grms. of 
saccharose 
per 100 
grms. liquid 

1-0010 

0 250 

1-0210 

5-250 

10410 

10-142 

10610 

14-904 

1 0020 

0 500 

1-0220 

5-500 

10420 

10-^81 

10620 

15-139 

1-0030 

0-750 

1-0230 

5-575 

1-0430 

10-619 

1-0630 

15-371 

1 0040 

1-000 

1-0240 

6-000 

1-0440 

10-857 

1-0640 

15-604 

1-0050 

1-250 

1-0250 

6-244 

1-0450 

11-095 

1-0650 

15-837 

1-0060 

1-500 

1*0260 

6-488 

1-0460 

11-333 

1-0660 

16-070 

1-0070 

1-750 

1-0270 

6 731 

1-0470 

11-571 

1 0670 

16 302 

1 0080 

2-000 

1-0280 

6 975 

1 0480 

11-809 

1-0680 

16-534 

1-0090 

2-250 

1-0290 

7-219 

1-0490 

' 12-047 

1 0690 

16-767 

1-0100 

2 500 

1-0300 

7-463 

1*0500 

12-285 

1-0700 

17-000 

1-0110 

2-760 

1-0310 

7*706 

1-0510 

12-523 

1-0710 

17-227 

1-0120 

3 000 

1-0320 

7-950 

1-0520 

12-761 

1*0720 

17-454 

1-0130 

3-250 

1-0330 

8-195 

1-0530 

13-000 

1-0730 

17-681 

1 0140 

3-500 

1-0340 

8-438 

1-0540 

13 238 

1-0740 

17-909 

10150 

3-750 

1-0350 

8 681 

1-0550 

13-476 

1-0750 

18-136 

1-0160 

4 000 

1-0360 

8 925 

10560 

13-714 

1-0760 

18-363 

1-0170 

4-250 

1-0370 

9170 

1-0570 

13 952 

1-0770 

18-590 

1-0180 

4 500 

1 0380 

9*413 

1-0580 

14-190 

1-0780 

18-818 

10190 

4-750 

1-0390 

9 657 

1-0590 

14-428 

1-0790 

19*045 

10200 

5-000 

1 0400 

9 901 

1-0600 

14*666 

1-0800 

19-272 


Correction of Degrees Balling for Yarwus Temperatures 


Determina- 
tion nmde 
at tempera- 
ture of 

Correction 
of degrees 
Balling 

Determina- 
tion made 
at tempera- 
ture of 

Correction 
of degrees 
BaUing 

Determina- 
tion made 
at tempera- 
ture of 

Corr^tion 
of degrees 
Balling 

Determina- 
tion made 
at tempera- 
ture of 

Correction 
of degrees 
Balling 

Deg. 

4 

- 0-43 

Deg. 

11 

- 0-22 

Deg. 

17-5 


Deg. 

24 

+ 0-27 

5 

- 0-40 

12 

- 0-19 

18 

+ 0 02 

25 

+ 0*32 

6 

- 0-37 

13 

-0-16 

19 

+ 0-05 

26 

+ 0-37 

7 

-0-34 

14 

- 0-13 

20 

+ 0 09 

27 

+ 0-42 

8 

-0-31 

15 

- 0*10 

21 

+ 0-13 

28 

+ 0-48 

9 

- 0-28 

16 

— 0-06 

22 

+ 0-17 

29 

+ 0-54 

10 

I - 0-25 

17 

— 0-02 

23 

+ 0-22 

30 

+ 0-60 
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Malt kilned with fumes direct from a coal &e communicates to the Leer a certain 
flavour from the smoke. Also, when coal is employed which contains arsenic, the latter 
becomes deposited on the malt and hence finds its into the beer. Arsenic may also 
be present in the glucose often used in brewing ; in this case it is introduced by the 
employment of arsenical sulphuric acid in the manufacture of the glucose from starch. 

(5) CLEANING AND GRINDING. 
Before the malt is mashed it is freed 
from dust and rootlets by means of 
rotating drums of metal gauze (a kind 
of sieve) furnished with fans. It is 
then ground but not too finely, the 
husks being kept whole as far as pos- 
sible, since they serve m the subsequent 
operations as :^tering material ; if the 
malt is gromid too fine it cannot he 
exhausted, as the liquid will not drain 
off. A suitable form of mill is the 
Excelsior Mill, made by Messrs. 
Krupp (Figs. 162 and 163). The shaft, 
g, fitted with fast and loose pulleys, 
s and t, can be shifted from right to 
left or mce. versa through the stuffing- 
boxes, m, by means of the lever, d. One 
toothed disc, a, is fixed, whilst the 
other, b, rotates with the axis, g, and 
is so adjusted that the teeth pass 
through the tooth spaces of the other disc. The barley from the hopper, /, falls between 
the two discs, where it is ground, the ground malt (grist) being discharged at n. For the 
sake of economy the discs are toothed on both faces, so that when one face is worn the 
other can be used. 

The total loss in weight suffered by the barley during steeping, germination, kilning, 
cleaning, and grindmg amounts to about 20 per cent. 

(6) MASHING. This consists in subjecting the ground malt to the action of warm 
water so that the diastase may act on 
the starch and convert it into soluble 
products. The temperature at which the 
maximum extract is obtained is about 65°, 
whilst at 55° the starch is only very 
slightly attacked by diastase, ani above 
70° diastase loses its saccharifying pro- 
perties very largely and the wort filters 
through the grains (husks j see later) with 
difficulty — this effect is aggravated by 
coagulation of part of the proteins. The 
quantity and quality of the water have 
an influence on the mashing, the presence 
of calcium sulphate facilitating the forma- 
tion of maltose and maltodextrins and_ 
inereasing the amount of nitrogenous substances dissolved. 

3 hectols. of beer are made. 

There are two systems of mashing : the infusion method (at 65° to 72°), u£ed only in 
top-fermentation breweries, and the decoction system, used for bottom -fermentation and 
sometimes for top -fermentation beers, and with highly diastatic malt or when unmalted 
barley is used with the malt. 

(I) The infusion process, used largely in England and Scotland, less in France and 
still less in Germany, is usually carried out in one of two ways : (i) rising infusion, where 
the malt is first mixed to a paste with 10 per cent, of cold water and then with hot water 
in the ratio of two parts of water to one part of malt, so that a temperature of 40° is 
attained. To raise the temperature of 1 kilo of malt (which has a specific heat of about 



Fig. 163. 

From 1 quintal of malt 2 to 
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0*5) from 20° to 40° requires 10 Calories, ■vriuch can be supplied by 2 of water at 
45°, the latter fallmgto 40° on losing 10 Calories ; owing, however, to unavoidable lo-- 
of heat, water at 48° to 50° should be used. 

This mixing is done in a cncular mash-tun of metal or wood, furi]i>hed vitli a 
perforated false bottom several centimetres above the true bottom, in which are fitted 
supplying the hot water (Kg. 164). The mashing and subsequent mixing are 
effected by efficient mechanical stirrers or rakes. 

As soon as the mash has reached the temperature of 40° water at 80° is graduallv 
introduced, the temperature being raised to 63° to 65° in half an hour. It is next mixed 
for 60 to 70 minutes, the liquid being then discharged by opening the taps under the fabe 
bottom so that the liquid passes through the grams and is conducted to the copper. I he 
residue m the tun is mixed for 15 mmutes with water at 75°, the liquid being run oS and 
the grains finally washed with water at 80°, all these extracts pas&.ing to the copper. In 
this way almost complete saccharification is attained and the subsequent formentation 
produces considerable attenuation. If 
a less attenuation is desired, either 
a higher temperature (72° to 73°) is used 
in place of 65°, or high-dried malt is 
used. 

(ii) Descending infusion, which is 
rarely used, consists in bringing the 
mass directly to a temperature of 65° to 
70° with very hot water and then allowing 
it to fall slowly to 35° to 40°. 

Neither of these methods admits of 
the use of rice or maize, the starch of 
which is attacked by diastase only aftci 
it has been heated with water to 80° to 
85°. Hence with such material th( 
decoction process is used. 

(II) Decoction Process. This is 
largely used m North Germany, Austria, 
and Belgium, and allows of the use of 
unmalted barley, rice, maize, wheat, &c. 

The malt grist is first mixed to a paste with cold water so as to dissolve the diastase, 
this being carried out in a metal vessel without a false bottom ; by the addition of small 
quantities of boiling water the temperature of the mass is raised gradually to 35°* From 
one-third to one-haK of the turbid wort (DicJcmaisclie)!^ transferred to a double-bottomed 
copper heated with steam. In many cases coppers with direct-fire heat are used, these 
being furnished with chains which scrape on the bottom and so pre%^ent caramelisation of 
the mass which settles (Fig. 165 show’s a complete decoction or infusion plant). The 
wort transferred to the copper is boiled for 20 to 40 mmutes and is then returned to the 
original tun, where it raises the temperature to about 55°. Another one-third or one-hak 
is similarly removed, boiled, and returned, the temperature being thus raised to 65° ; the 
saccharification has then reached a maximum and the mash become thinner. The 
cqmplete disappearance of starch is controlled by the reaction with iodine. About 
one-half of the wort is again removed, boiled, and returned, the temperature being thus 
raised to 75°. During aU these operations continual stirring is maintamed. The greater 
the number of decoctions made the greater will be the density of the wort and the darker 
the beer. The turbid wort is either allowed to deposit in tuns with false bottoms as 
shown in Fig. 164, or passed through filter-presses (see Sugar Industry) to clarify it, the 
grains remaining in the form of cakes being well washed.’- 

When considerable quantities of other cereals are to be used with the malt use 

^ The grains are composed of the whole of the husks of the malt^ — coagulated proteius, pentosans, fat, 
maltose and dextrin. They serve as excellent cattle-food, but if not consumed in the course of 24 hours, they 
undergo change ; they may, however, be placed in silos and dried m a suitable apparatus {see Fig. 149, p. 154). 

grains contain 70 to 80 per cent, of water, 4 to 6 per cent, of protein, 1 to 3 per cent, of fat, 8 to 14 per cent, 
of extractive substances, 1 to 3 per cent, of ash, and 3 to 9 per cent, of cellulose. Dried grains contain 6 to 
18 per cent, of water, 17 to 26 per cent, of protein, 4 to 9 per cent, of fat, 35 to 65 per cent, of extractn e 
substances, 3 to 12 per cent, of ash, and 9 to 20 per cent, of cellulose ; they Imve a brown colour, a pleasing 
odour of new bread and a sweet taste ; they make a good food to follow wheat or oat bran. 
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is made of a Henze pressure apparatus, as described under Distilling (Fig. 104, 
p. 119). 

The wort thus obtained is boiled with a certam quantity of hops until a certain amount 
of concentration has been efiPeeted. This boiling finally destroys the diastase, intensifies 
the colour of the wort and aerates it, and oxidises various substances producing acid 
bodies ; it completely sterilises the liquid, which is also clarified owing to the precipitation 
of nitrogenous substances, partly by the tannin of the hops. 

The decoction of the hops is carried out in a separate vessel, the boiling liquid being 
continually circulated until the hops are exhausted. The decoction is then added to the 
boiling wort, principally towards the end of the operation ; if added earlier the hop 
extract loses some of its aroma. The direct addition of the hops to the copper is still 
used, although the method is not a very rational one ; it is better to pass the boiling 
wort from time to time into a separate vessel contaming the hops and then back to the 
copper, this procedure being repeated until the hops are exhausted. 



Fia. 165. 


In general, 400 to 500 grms. of hops are used per hectolitre of beer, or 2*5 to 5 kilos for 
every quintal of malt mashed. More hops are usually employed for beers to be kept for 
some time^ beer, stock ale) than for draught beer. The lupulin powder contained in 
the hop gives up resins and essential oils, while the leaves give tannin and the stalks 
somewhat bitter substances ; the whole gives the bitter taste and aroma of the boor, and 
ca^es the latter to keep better. A temperature of 75° (Pasteur) is sufficient to sterilise 
a hopped beer, since the resins have a marked antiseptic action. 

The of the wort is carried out in copper vessels {see Fig. 166, a) heated by direct 

me or by indirect steam (passed through coils or through the double bottom of the copper), 
the boiling being continued for 4 to 6 hours with dilute worts (infusion) and only 1| to 2 hours 
^th the more concentrated decoction worts ; as a rule boiling is continued until the 
density reaches a certam value for the particular kind of beer to be made (see later). The 
temperature during boiling should foe gradually raised and registered. In many modern 
breweries there are automatic registering thermometers which show the whole course of 

boding is finished the wort is allowed to stand for a time, 
and the Mand Kevenue officials then generafiy make their first measurements (they 
calcffiate that 1 kilo of dry malt should give 25 litres of wort with a density of 1° Balling, 
5 htres at 5 , &c., an aUowance being made of 10 per cent.). The copper is then dis- 
strai^d off, and the wort pumped to the cooler, which is usually 
at the top of the buildmg. These coolers are large shadow vessels of iron (or copper or 
wood) m which the coagulated proteins aore deposited ; the temperature here is not allowed 


COOLING OF WORT m 

to fall below to 65°, otherwise contamination with harmful organisms (but;vTie, lactic, 
&c.) might occur. In Italy the tax on the manufacture of beer is calculated from the 
volume, temperature, and specific gravity of the wort in the cooler {see later). The wort 
is next cooled rapidly by suitable refrigerators to 2® to 3° (for bottom fermentation) or 
12° to 15° (for top fermentation). One form of refrigerator which is much used consists of 
a number of superposed, communicatmg horizontal tubes (Tig. 166). In the tubes of 
the upper half water circulates, and m those of the second half brme at a temperature 
of —6° or —8° from a refrigerating machine (see vol. i, p. 231), The wort flows doTO in 
a thm skin over the outside of the tubes, meanwhile dissolving an appreciable quantity 
of air. The cooled and aerated wort flows down to the fermenting vessels placed m cool 
rooms ; for bottom fermentation these are cooled to about 0° by pipes conveying cold 
brine. The wort from the coolers is turbid and should be filtered tlirough conical cloth 
bags or filter-presses. In some modem breweries the coolers are omitted m order to 
avoid any possible contamination (which is, however, difficult with hopped wort at 60°) 
and the wort is passed direct from the copper to the closed refrigerator and the filter- 
press, aeration bemg afterwards effected with air filtered tlirough cotton -wool. 

The refrigerators consume considerable 
quantities of water, and where this is 
scarce the warm water from the refrigera- 
tors is cooled by means of pulverisers 
or by causing it to flow down over 
twigs, the evaporation thus caused often 
lowering the temperature below that ol 
the air (see section on Sugar). The boil- 
ing of the wort has hence effected a con- 
centration, the preparation of a sterile 
(aseptic) liquid, and the extraction of the 
useful prmoiple of the hop, the tannin of 
which has partially precipitated the pro- 
teins. If pale beer is to be brewed the 
wort can, if necessary, be clarified duruig 
the hoihng by the addition of a little 
tannin. Turing the cooling on the coolers 
the wort takes up the oxygen necessary 
for the oxidation of the resins, for clarify- 
ing it and, more especially, for aiding the 

development and multiplication of the yeast during the initial stages of the fermentation 

Contact of the wort with tin, e,g- tinned vessels, is avoided, as turbidity of the beer 
may be caused thereby, especially if the wort is acid or rich in carbon dioxide. 

FERMENTATION. From the density (degrees Balling) or the dry 
extract of the wort, the extract yielded by the materials may be deduced, and, 
under favourable conditions, the dry extract amounts to about 70 per cent, 
of the weight of the malt, wbilst with bad working it may be as low as 45 per 
cent. When ready for fermentation the wort contains mainly maltose, malto- 
dextrins, dextrins, a little saccharose, glucose, and levulose, besides nitro- 
genous substances partially peptonised and transformed into amino-acids ; 
also lactic acid and potassium phosphates. Fermentation with yeast converts 
the carbohydrates more or less completely into alcohol and carbon dioxide.^ 

1 In addition to what has been said on pp. Ill and 123 on lerments and yeasts m general, the foUowmg is 
of interest, especially to the brewing industry . 

All yeasts which attack only saccharose, maltose, glucose, and levulose, giving alcohol and <mrbon dioxide, 
are feebly attenuating yeasts of the so-called Saaz type (fi.g. the beer-yeasts of Iji6ge,which yield fe.irly full-tasting 
sweet beers containing little alcohol). Other yeasts are also capable of fermenting the combined maltose of 
maltodextrins by of a special enzyme studied by Delbruck, inaUodextrinase ,* these yeasts give the maximum 

attenuation and form the so-called STchberg type, producing alcoholic, highly attenuated beers even from weak 
worts. Between these types— Saaz and Brohb erg— there exist intermediate ones giving in 4 days at 25 to 27°, 
wdl-defined attenuations in a normal wort. 

Certain other yeasts are capable of fermenting dextnn combined as maltodextimis, ^nce they contain an 
enzyme which Belbriick has termed deatrinase. Such is the Sdkizosacchafon^/ees P<ww6e, separated from the 
millet beer of the Egyptians. These yeasts constitute the so-called Logos type. Wild ^feasts are all strongly 
attenuating and may produce turbidity in fimshed, slightly fermented beers, which they referment. The yeasts 
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T1i 6 concentration of the wort most favourable to the multiplication of 
yeast is lo"" Balling (corresponding with a specific gravity of 1-06).^ A too 
dilute wort or one prepared wfith an excessive proportion of non-ger inmate d 
grain has not sufficient assiniilable nitrogenous food (amino -acids), and, this 
is remedied by the addition of zymogen, wffiich is a commercial product. 
During the period -when the yeast develops (first stage of the fermentation) 
little alcohol and much carbon dioxide are produced. 

Two distinct methods of fermentation are in use : top fermentation, used 
generally in England, Belgium, and Holland, and largely in Erance, and also, 
at one time, exclusively in Italy ; and bottom fermentation, ^ usually employed 
in German}", Austria, and Denmark, and in general use in countries where 
beers of the Munich and Pilsen types are made. In hot countries it is easier 
to regulate bottom fermentation (by refrigeration) than top fermentation, 
since in summer the temperature of the air is often high enough to have an 
injurious effect on top fermentation. So that, as a refrigerating plant is 
necessary, the bottom fermentation system is preferable. 

The difference between bottom and top yeasts is that the latter are covered 
with viscous, mucilaginous substances and readily stick together and carry 
bubbles of carbon dioxide developed in the wort to the surface and so produce 
a rapid fermentation ; the former, however, fall to the bottom of the fer- 
menting vessel and, even under the microscope, are not found in large masses. 
Top yeasts develop well only at temperatures above 12° — best at about 
24^ — and effect complete fermentation in 4 to 6 days, whilst the bottom 
yeasts develop below 10° and, after the vigorous primary fermentation of 
8 to 12 days at 6° to 8°, continue the maturation of the beer for two or 
three months by a secondary fermentation at a low temperature (0° to 2°) ; 
this procedure gives beers of less attenuation which can be produced or con- 
sumed even in summer (lager beer), Top-fertnentation beers are almost 
always more highly attenuated, are consumed at once {draught beer), and arc 
made more especially in the cold weather ; they can, however, be kept, and 
in some cases stock beers are made on this system. 

The advantages and disadvantages of the two processes are as follow : 

Top fermentation does not require costly refrigerating plant, and hence lends itself 
to the construction of small breweries ; further, the beer can be sold immediately, and 
the capital, although small, thus frequently renewed each year. The control and successful 
workmg of top fermentation are, however, more difficult owing to ready contamination 
with numerous harmful bacteria which jfibid at 15° to 20° the most favourable conditions for 
their development, especially in the summer ; in bottom-fermentation beers only yeasts 
can develop at 0° to 2°. 

With top fermentation, in which at first yeasts of the Saaz type and those intermediate 
to the Saaz and Frohberg types predominate, there develop later bacteria and also 
Frobberg yeasts (especially during the secondary fermentation), and both of these render 
difficult the preparation of a clear beer winch does not become turbid after fermentation ; 
on the other hand, a bright beer is easily and naturally obtained by bottom fermentation. 
In summer, then, unless an abundant supply of cold water arid also cool cellars are avail- 

intemediate to the Saaz and Iroliberg types and also Fiohberg yeasts themselves are especially active in the 
secondary fermentation ; they increase the apparent fnllness of the beer, even when this is light, and maintam 
a continuous and desirable evolution of carbon dioxide by slowly fermenting the maltodextriiib and even dextnns. 
In order to grow and multiply, yeasts generally require, m addition to carbohydrates and free oxygen, nitro- 
genous substances, but they cannot make use of nitrates, or ammonium salts, or even the true proteins ; they 
can, however, utilise the decomposition products of the latter, namely, the amino-acids (such as asparagine) pro- 
duced hy the proteolytic enzymes secreted by healthy yeasts. They require also mineral substances, e.g. calcium 
and potassium phosphates. 

The oxygen of the air is, as has been said, indispensable to the development and multiplication of yeast, and 
well-aerated worts facilitate the multiplication during the first few days, when oi(ly COg and H^O are produced 
when, however, the supply of free oxygen diminishes or ceases, the yeast produces more especially alcohol and 
carbon dioxide. There are also saccharomyces which are solely aerobic and form membranes on the surface of 
the wort, producing only carbon dioxide and water and destroying the alcohol produced by other yeasts. 

^ The strengths of the worts for different types of beer are . 9° to 10® Balling for UgM beers ; 12“ to 13° for 
dmagU be&ts (Sphenkbier) ; 15° to 20° for double beers (Bock or Salvator beet) ; and up to 25° for table beers. 
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able, and rigorous precautions and disinfection are resorted to, it is very difficult to 
prepare top-fermentation beer, whilst the low temperature required for bottom fer- 
mentation can be attained at any season of the year by refrigerating plant. Bottom 
fermentation gives beers of a more constant type, smce the mother-yeast from succes- 
sive fermentations does not become contammated so easily as, and hence requires renewal 
less frequently than, with top fermentation.^ 

When a large amount of yeast is added to a wort the fermentation is initiated and 
completed more rapidly ; with small quantities the same result is obtained, but after a 
longer time, so that there is more danger of contamination. Usually 250 to 300 grms. 
of pressed yeast are used per hectolitre of wort — ^rather more for strong worts. 

Especially with top, but also with bottom fermentation, it is most important that aU 
instruments, vessels, and rooms should be kept clean and disinfected. For this purpose 
boiling w’ater is used and also dilute solutions of hydrofluoric acid, ammonium fluoride, 
ammonium fluosilicate, calcium bisul- 
phite, and calcium hypochlorite. In 
all cases, however, great care must be 
taken to remove the disinfectant com- 
pletely with abundant supplies of hot 
water, in order that the yeast may not 
be injured. Chloride of lime is elimi- 
nated by rinsing first with bisulphite 
solution and then with hot water. 

Even traces of bisulphite (sometimes 
added during mashing to prevent the 
action of lactic ferments) must be 
completely eliminated, otherwise, 
during the alcoholic fermeTUation, 
which is a process of reduction, they 
may jdeld hydrogen sulphide and so 
give a bad taste and odour to the 
beer. (Bacteria capable of producing 
hydrogen sulphide sometimes develop 
in beer.) 

Whatever system of fermentation is 
used, it is always divided into two 
phases : the primary or vigorous, and 
the secondary. The primary fermenta- 
tion begins 12 or 24 hours after 
pitching, when the yeast has grown to some extent at the expense of the dissolved 
oxygen, and continues for 3 or 4 days in the case of top fermentation or for 10 to 12 
days with bottom fermentation ; considerable quantities of carbon dioxide are developed, 
these forming a dense, white, frothy head on which can be seen brownish spots of hop 
resin or agglutinated bacteria. In top fermentation, this first head is removed, the next 
darker one being collected for pitching purposes. 

In the bottom fermentation system and in large modem breweries in general, in order 
that the yeast may be kept as pure as possible, the pitching is carried out in the manner 
described on p. 127 for distilleries. 

With top fermentation, the tsrpe and taste of the beer are determined by the united activity of a number 
of different yeasts and bacteria which are present m given equilibrated proportions, these becoming modified 
as contamination increases. When the yeast is renewed, the pure yeast naturally gives a different taste to the 
beer, and this inconvenience cannot he avoided by preparing a mixture of yeasts apd bacteria similar to that 
normally present in the partially contammated top fermentation. New pure yeasts are less resistant to con- 
taminating surroundings than old ones are. 

Attempts are made to-day to keep the fermentation pure as long as possible by the use of good hops, the 
resins of which exert an agglutinating and paralysing action on the bacteria, so that th^e can be removed fixim 
the tun with the first scum forming on the surface of the fennenting wort ; the purer yeast of succeeding beads 
is then collected for pitching subsequent worts. When the collection of the yeast is delayed, that of the Frohberg 
type increases. With the object of mamtaining the cultures naturally pure and constant, Bffront has proposed 
the addition of abutinic acid— a. component of lupvlin and of colophony— to agglutinate and render innocuous 
the bacteria in fermenting worts (see also p. 141), Thus, after elimination of the bacteria with the first scums, 
purer yeast can be collected and washed with pure water or, better, with water containing a little hydrofiuoric 
acid or ammonium fluoride (5 to 10 grms. per hectolitre), which attach the bacteria, bnt not the yeast. _ It cannot, 
however, be denied that, in general, washing produces considerable weakempg Of wtoich can he reinvigorated 
by preliminary growth in sterilised, unhopped wort. 
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Durino the primary fermentation, a considerable quantity of heat is evolved, and to 
prevent the temperature exceeding 22“ to 25° in top or 7° to 8° in bottom fermentation, 
attemverating coils, through which cold water (top) or brine (bottom) passes, are used to 
cool the fermentmg wort (F, Fig. 167). Each fermentmg vat is provided vath a slate, 
&e on which are noted, each day, the temperature and the specific gravity of the wort ; 
the’attenuation should reach 58 to 62 per cent, in the primary fermentation and 70 to 
75 per cent, in the secondary fermentation, m order that the beers may keep in the warmer 
rooms of the consumers.^ When the -vigorous fermentation is ended, the head falls and 
almost (iisappears, carr 5 iiig to the bottom of the wort the suspended yeast ; in this way 
the secondary fermentation is started, this being allowed to proceed for 15 to 20 days 
in the trade casks placed in cellars at 10° to 12° (for top fermentation) ; the beer is then 
cleared, filtered, and sold. In bottom fermentation, on the other hand, the secondary 
fermentation is completed in large tuns pitched inside [see later) ; these are not quite filled 
and are kept for 1 to 3 months in cellars maintained continually at 0° to 2°, where the 
beer acquires the desired attentuation and its characteristic flavour. The yeast which is 
deposited in the fermenting vessels can be collected, pressed (p. 125) and sold to bakers or 
small brewers 

In some breweries the carbon dioxide is now dra-wn off from the fermenting vats, -which 
are fitted with covers, by pumps and, after being passed through potassium permanganate 
solution to purify it, the gas is then liquefied {see vol. i, p. 382) ; it can he either utilised 
in the brewery itself or sold. 

The fermenting vessels and the storage casks are constructed of oak or pitch-pinc. 
The use of glass vats has been proposed, as these retain the pure flavour of the beer ; such 
a vat to hold 42 hectols. costs about £40. The cellars have walls and floor of concrete 
(1 metre higher than the first aqueous border of the subsoil) so that they can be washed 
when necessary ; the roof is of brickwork. These cellars are furnished with draughts 
to remove the carbon dioxide, with double doors (always on the north side) to prevent the 


* Determination of the Attenuation and of the Apparent and Real Extracts of Beer. The apparent 
extract is deduced from the density of the well-shaken (to remove COg) beer and the corresponding number 
of degrees Ballino- (see p. 167). The real extract m deduced from the specidc gravity (and Balling’s tables) of the 
beer freed from alcohol by evaporating it to one-third of its volume and making the residue up to the original 
volume The original extract of the wort may be calculated with moderate accuracy by adding to the real extract 
the amount of alcohol (determined as in wine, p. 147) multiplied by 1 92. 

The degree of real attenuation (A) is referred to 1 hectolitre of wort and indicates how many parts per 100 of 
the extract of the wort are transformed into alcohol and carbon dioxide , it is obtained by means of the following 


formula : 



X 100 


where B represents the percentage of extract in the wort and d the percentage of real extract of the beer. 

In practice, the percentage of extract is sometimes replaced by the degrees Balling, but the results thus obtained 
are not very exact. If we make D = 15° Bailing and d = 5°, the real attenuation becomes : 

^ X 100 ~ 66-66 per cent. 

But it cannot be denied that Balling degrees refer to kilos of sugar or of extract m 100 kilos of solution, so 
that a wort showing 15° Balling (sp. gr 1 0615) contains 15 kilos of extract per lOO kilos of wort, or 15'922 kilos 
(i.e. 16 X 1-0615) in a hectolitre of wort ; the beer, free from alcohol, showing 5° BaUing, has a sp gr. 1-020, and 
1 hectolitre contains 5*100 Mos of extract, so that 10-822 kilos of extract have been fermented and the true 
10 822 

atimttaUonis X 10 — 67 6 %. 

Practical brewers find it more convenient, in considtering the degree of attenuation of a wort, to calculate the 

B—d 

degree of apparent aitenmiion {A') from the apparent extract of the beer d by means of the formula, A = X 100 ; 

for example, a wort of 16® BaUing has the sp. gr. 1-0658 and 1 hectolitre contains 17-05 kilos of extract, while 
the beer, with 7° Balling of apparent extract, has the sp. gr. 1*0281, corresponding with 7 20 kilos of extract per 

hectolitre. The apparent attenuation is hence X 100 == 57-9 per cent, per hectolitre. 

The attenuation can be deduced m a rather less exact manner if instead of degrees Balling are used degrees of 
the legal densimeter (i.e. the figures in the second decimal place of the specific gravity, a value of 1-063 for the 
latter thus corresponding with 6-3® on the legal densimeter). In the above example, 16° Balling corresponds with 
sp.gr 1*0658, hence with 6-58° on the densimeter ; similarly, 7® Balling corresponds with 2 81 densimeter degrees. 
Hence the apparent attenuation is given by • 

X 100 « 57-3 per cent. 


which differs little from the value calculated above from the degrees Balling, and is sufldeiently exact for practical 
purposes. Hence, both for real and apparent attenuation, Balling’s tables can be dispensed with, it being sufldcient 
to determine the specific gravity. It should be noted that the legal density expresses the weight of wort 
contained in the volume occupied by 1 kilo of water measured at 17-5°. 



175 


NATHAN-BOLZE PROCESS 

entry of warm air from outside and with electric lighting so that windows, which dissipate 
the cold may be avoided. The vats and casks are raised 50 to 60 cm. from the ground and 
are inclined slightly forward so that they can be emptied completely and easily cleaned 
from outside. Along the ceiling run pipes for the circulation of cold brine (bottom 
fermentation), which maintain a temperature below 60° in the fermentation cellars 
and one of 0° to 2° m the lager cellars. 

Ten or fifteen days before the beer is run off from the lager vessels — ^which have been 
several times filled up to avoid contact of the beer with the air and consequent danger 
from acetic ferments — the 
bmig-hole is tightly closed so 
as to supersaturate the beer 
under slight pressure with 
carbon dioxide, which is still 
developed more or less feebly 
according to the state of ma- 
turity of the beer. If a beer 
contains, say, 0-1 to 0*2 per 
cent, of CO 2 before the bung- 
hole is closed, it will sub- 
sequently contain six or seven 
times that proportion. 

Nathan-Bolze Rapid 
Process (Ger. Pat. 135,539, 

1900). This process was tested 
on an industrial scale in 1904 
in the Fermentation Institute 
at Berlin, and gave satisfac- 
tory results. But the applica- 
tion of the process has not 
progressed as rapidly as was 
hoped for a process which 
allows of mature beer being 
prepared in 8 or 10 days, and 
works under conditions of 
sterilisation formerly attain- 
able only in the laboratory or 
in the manufacture of spirit 
by the amylo -process (p. 129). 

The hot, sterile wort from the 
copper passes into a large 
hermetically sealed, sterile 
vessel of enamelled iron (a 
special resistant enamel being 
employed) surrounded by an Pig. 168. 

iron jacket through which 

water can be passed. These vessels have a capacity of 125 hectols. or more and are 
called Hansena vessels. They are provided with powerful stirrers (Fig. 168), which keep 
the wort in continual motion durmg the fermentation and thus accelerate the transforma- 
tion of the maltose into alcohol and carbon dioxide. 

After the temperature of the wort has been lowered to 50° by passing water through 
the jacket and the diminution of pressure (owing to the condensation of steam) compen 
sated by the admission of sterilised air, the latter (which has served also to aerate th 
wort) is replaced by carbon dioxide, the cooling being continued to 10°. The piro yeast 
is then introduced through suitable pipes, the mass being slightly stirred at intervals 
of an hour. The gas developed is removed in order to hasten the fermentation, and is 
washed with permanganate, part of it then being compressed {see p. 174). The car^n 
dioxide which is not compressed is utilised to remove the 7i>ew heer flayour from beer 
already fermented in the Hansena vessels ; the gas is passed in at the bottom (after removal 
of the yeast sediment) at the ordinary temperature, the ma4s being continually stirred 
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mcvuiwliile, it being the carbon dioxide wMch effects the elimination from the beer of the 
volatile products to which the disagreeable taste and odour of new beer are due. The 
gas issues from the top of the ve&seirpasses to the purifiers and is again conducted through 
the beer, this process being continued for 10 hours on end. The primary fermentation 
is finished in less than 3 days, and, after the passage of gas through the beer is completed, 
the temperature is lowered to 0° and the beer saturated for 24 hours with slightly com- 
pressed carbon dioxide. The beer is finally filtered and delivered to the trade casks, 
where it keeps well even in the hot weather. 

Such a process, simple, rapid, and economical (the cost of the beer being diminished 
by about 2s 6d, per hectolitre), although it does not give a very delicate flavoured beer, 
should be suitable to hot countries and to small breweries. Several European breweries 
already work on these lines and recently (1907) one has been constructed at Milan to employ 
a modification of the Xathaii patent, consisting of a system intermediate to the old process 
vith open fermenting vessels and that devised by Nathan ; in this case enamelled iron 
vessels are used both for the primary fermentation and for the maturation (3 to 4 weeks). 
These vessels cost about £1 for each hectolitre of capacity. 

If to the Nathan process is added the Meura system of mashing (1891)— which has 
rendfa-ed the preparation of the wort as simple as possible by mashing the finely ground 
malt in a horizontal cylmder fitted with stirrers so that the mash can be rapidly cooled or 
heated and wort ready for passing to the filter -press and thence to the copper can be 

obtained in an hour — it will be understood 
how the manufacture of ordinary beer has 
been shorn of those practical and theoretical 
difficulties long regarded as insurmount- 
able. 

RACKING OF BEER. Beer is delivered 
to the consumer in bottles and in casks, and 
should be perfectly bright, cold, and super- 
saturated with carbon dioxide. To render it 
bright, the old method of clarification with 
gelatine or of filtration through bags has now 
Fig. 169. been largely replaced by the use of the filter- 

press, which acts more rapidly and yields 
brilliant beer. The filtration is carried out in suitable frames through filter-cloths or, 
better, through finely divided cellulose (such as is used in paper -making) under a pressure 
of about half an atmosphere. These filter-presses are the same in principle as, and little 
different in form from, those which are used for the filtration of saccharine liquids and 
are described in the section on Sugar. (In England, beer in cask is clarified by mixing 
with the beer a small quantity of finings, which consist of isinglass “ cut ” or dissolved 
in an acid, such as tartaric, sulphurous, &c. ; these finings are gradually deposited on the 
bottom of the cask and carry down with them any suspended protein substances, hop- 
resins, &c.). Bottling is to-day carried out with all the care employed in the preparation 
of sparkling wines. A few lines may be devoted to the preparation of beer-casks, since 
the methods employed are peculiar to the brewing industry. 

In order that beer for retail consumption may retain its flavour, it must be kept cool 
and saturated with carbon dioxide up to the moment when it is drawn off into the customers’ 
glasses, and for this purpose the use of liquid carbon dioxide with the arrangement shown 
in vol. i, p. 389, is well adapted. 

RESINING OR PITCHING OF CASKS. The keeping of beer sound depends 
largely on the cleanliness of its surroundings and of the vessels m which it is stored. Hence 
the casks, returned empty from the customers, are first well scrubbed and washed both 
inside and outside with water under pressure by means of automatic plant (Fig, 169), 
and are then disinfected by means of formalin vapour or other antiseptics, or, better still, 
by pitching the internal surface with natural or artificial resins, which should be transparent 
and have a melting-point of about 50° ; in this process, which was first used in Bavaria, 
and is nowadays largely employed all over the Continent, aromatic resins are no longer 
used, mixtures of colophony with other residues from the distillation of turpentine being 
prepared by fusion and then rendered more elastic by the addition of resin oil (10 per 
tsent.). To free the casks from the old resin and coat them again every time they are 
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returned to the brewery, they are heated inside by means of air supplied from a Roots 
blower, B (Fig. 170), and heated bypassing through red-hot coke, the hot air being forced 
into the casks through the tubes, D, for 5 minutes- The old pitch is discharged and the 
new pitch (about 200 to 250 grms. per hectolitre), fused and heated to 250®, introduced 
into the sterile cask. The bung-hole is then closed, the cask rotated automatically for a 
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various bacteria, &c.), and it is difficult to remedy these inconveniences except by improve- 
ment in the methods of workmg. In order that beer may remain unchanged when kept 
for a long time in bottle or when sent to hot places, it is advisable to pasteurise it, - The 
bottles are tightly stoppered and placed in ve^els containing cold water, which is then 
gradually heated to a maximum of 60° to 65°, this temperature being maintamed for 10 
minutes ; the vessels should be covered so as to avoid danger from breakages- The 
water-bath is subsequently allowed to cool slomly to the ordinary temperature. Top- 
fermentation beers are rarely pasteurised, as Idiey sometimes ac<|uire an unpl^a^s^t flavour 
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much as 12 per cent, for certain types of beer ; for ordinary beers it lies 
between 5 and 6 per cent. (1 per cent, being maltose). The proportion of ash 
is generally less than 0-3 per cent. The amount of carbon dioxide dissolved 
varies from 0-15 to 040 per cent. 

The analysis of beer is earned out in a similar manner to that of wine (p. 157), hut 
the carbon dioxide is eliminated by heating the beer to 40° and shaking for several minutes 
before the specific gravity and acidity are determined ; the latter does not exceed 0*3 per 
cent, and is expressed as lactic acid (1 c.c. X/lO-alkali s 0*009 grm. lactic acid) or as 
cubic centimetres of normal alkali used per 100 c.c. of beer. To avoid frothing during the 
distillation of the alcohol,'^ a little tannin is added. The nitrogenous substances are deter- 
mined on the extract of 40 c.c. of the beer by Kjeldahl's method (p. 10), the proportion of 
nitrogen being multiplied by 6*25 to give the corresponding amount of proteins. The 
reducing sugar is determined by means of Fehlmg’s solution and is calculated as maltose 
{see IsTote, p. 167).® 

STATISTICS. In Italy the brewing industry has never been in a flourishing condition, 
owing to the abundance and cheapness of wine — ^possibly more commonly drunk than water. 
The beer manufactured from remote epochs in Italy was made by the top-fermentation 
process and was of poor quality ; it did not keep well in summer, was stored carelessly 
by the retailers and was consumed for only about a couple of months in the year — 
close to where it was produced. Technical improvements have been introduced tardily, 
but nowadays the industry is largely concentrated into a few large breweries using the 
most modern methods and controlled by technical experts from other countries. 

About one-half of the beer imported into Italy is supplied by Austria-Hungary, about 
one-third by Germany, and one-tenth by Switzerland : 

PRODUCTION, i:VIPORTATION, AND CONSUiMPTION OP BEER IN ITALY 
» Consumpnon 



Production 

Imports 

Total 

Per head 


hectols. 

hectols. in cask 

hectols. 

litres 

1880 

. 116,000 

46,900 

163,000 

0*57 

1890 

. 160,900 

99,500 

260,000 

0*86 

1894-95 . 

. 95,500 

60,000 

156,000 

0*50 

1900 

. 154,000 

54,750 

209,000 

0*66 

1903 

. 185,000 

70,000 . . 

255,000 

0*79 

1904 

. 220,000 

80,000 . . 

300,000 

0*92 

1905-06 , 

. 304,000 

90,000 . . 

394,000 

1*20 

1906-07 . 

. 360,000 

94,494 . . 

455,000 

1'50 

1907-08 . 

. 400,000 

95,213 . . 

495,000 

1*60 

1908-09 . 

. 473,000 

88,100 

561,000 

T80 

1909-10 . 

. 563,000 

89,737 . . 

651,000 

2*00 


^ TLe proportion of alcohol can be calculated indirectly by means of the formula, A ~ («/*S) -f- S, where 
A indicates the percentage of alcohol, s the specific gravity of the beer, S the specific gravity of the beer freed 
from alcohol and made up to the original volume ; the alcohol Table (p. 148) gives the percentage by weight 
corresponding to the value of s/S and division of this percentage by S gives the true percentage of alcohol. 

® The determination of sulphurous add (only traces are allowed in beer) derived from sulphites or sulphurous acid 
added to preserve the beer, is effected by distilling 200 c c, of the beer, previously acidified with 5 c.c, of syrupy 
phosphoric acid,m a current of carbon dioxide and passing the distillate through 50 c c. of lodme solution (5 gm^. 
I _j_ 7.5 gnus. KI made up to 1 litre with water) ; the iodine solution is then acidified with hydrochloric acid, 
boiled to expel excess of iodine and precipitated with barium chloride, the filtered, washed, and ignited barium 
sulphate being weighed ; multiplication of this weight by 1 372 gives the amount of SO^ per litre of beer. Eor 
the detection of horic add, 100 c.c. of beer are evaporated to dryness and the residue calcined ; a little sulphuric 
acid and alcohol are then added to the resulting ash and the mixture ignited and stirred ; the appearance of a 
green colour at the edges of the flame indicates the presence of boric acid. The quantitative determination of 
boric acid is difficult and is only rarely carried out, Rosenbladt and Gooch’s method being then used. 

Eox the detection of fimrides, sometimes (although prohibited) added as preservative, 100 c.c. of the beer, 
rendered alkaline with ammonium carbonate, are boiled, mixed with 3 to 4 c.c. of calcium chloride solution, boiled 
again for 5 minutes and filtered, the residue being washed and calcined in a platinum crucible. One cubic centi- 
metre of concentrated sulphuric acid is then added and the crucible, covered with a watch-glass partly coated 
with paraffin wax, gently heated. In presence of fluondes, the ^*^s is attacked in the unprotected parts. 

The degree of attmwdmn or oifementaikm is calculated as indicated in the Note on the preceding page. 

Adulteration with sdiqflw add> is detected by acidifying 100 c.c. of the beer with 5 c.c. of hydrocM«nic acid and 
shaking with 50 c.c. of ether and 50 c.o. of light petroleum. The ethereal solution is separated and evaporated to 
dryness, the residue being taken up in water and filtered. If the liquid gives a violefe coloration with a little 
dilute ferric chloride solution and a red one with MtUords rmgmt (aqueous nwrahic nitrate containing a little 
nitrous acid), the presence of salicylic acid is certain. 

is determined by evaporating an Cereal extract ototaatoed as abov^ djseolving the resMufi in a little 
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The consTiBiption of beer in Italy takes place mostly in the towns of the north and 
centre, and the average consumption per head in Milan, Turin, or Borne is at least ten 
times that for the whole country. 

The production of beer in Japan was 362,000 hectols. in 1907 ; 294,100 in 1908 ; 271,500 
in 1909, and 280,000 in 1910. 

The production of beer in other countries in 1900 was as follows : Germany, 67,000,000 
hectols. or 118 litres (in 1907, 70, and in 1910, 64 litres) per head. England, 59,000,000 
hectols. (57,000,000 or 150 litres per head in 1909). Austria-Hungary, 20,000,000 hectols. 
(72 litres per head) or 19,000,000 in 1909. Belgium, 14,000,000 hectols. (213 litres per head). 
France 9,000,000 hectols. (25 litres per head ; hut here, too, the consumption is localised, the 
annual consumption per head in Lille being 360 litres) ; in 1 909 France produced 11,000,000 
hectols. The United States, 48,000,000 hectols. (63 litres per head) in 1900 and 70,000,000 
in 1909. Spain, about 1,000,000 hectols., and Russia, 6,200,000 hectols. in 1909. 

In 1900, Germany, with 10,000 breweries, produced twice as much beer as in 1880, 
and in 1885 exported 1,500,000 hectols. One large brewery m Germany makes more 
beer than the whole of Italy consumes. (Italy has 93 breweries at the present time.) 

In 1881, England produced 45,000,000 hectols. ; Austria-Hungary, 12,000,000 ,* Belgium 
9,000,000 ; France, 8,000,000 ; Switzerland, 1,000,000 (now 1,500,000), and the United 
States, 19,000,000. 

The loorld’s production of beer in 1910-11 was 271,000,000 hectols. 

Ill Italy the brewing tax w^as 5|d. up to 1891, when it was raised to ll^d, (causing a 
temporary diminution in the consumption at that time) per saccharometer degree per 
hectolitre, measured with the decimal saccharometer at 17*5° on the wort from the cooler ^ 
an allowance of 12 per cent, being made for loss during the subsequent operations ; the 
tax varied from a minimum of 11 5d. to a maximum of 184c^. per hectolitre, according to 
the strength of the beer. Imported beer 'pays 29d, more, or the importers can demand the 
tax to be levied on the extract degrees, these being increased by twice the number of 
alcohol degrees. The exchequer collected £180,000 in 1905-6 and £211,800 in 1906-1907 
as tax of manufacture. 

In Germany beer costs about 125. per hectolitre, or rather more with the extra taxation 
of 1910. In Italy the cost is about 32^. (that imported from well-known breweries about 
40a. per hectolitre). 

ALCOHOLS HIGHER THAN ETHYL 

PROPYL ALCOHOLS, CaHsO. The two isomendes theoretically possible are known : 

(1) Normal, CH^*CH 2 *CH 2 «OH (propaml-l or ethylcarbinol). This can be obtained 
from fusel oil (p. 122) by fractional distillation or from its bromo “derivative. It has an 
agreeable odour, b.pt. 97"^, sp. gr. 0*804, and is readily soluble in water. On oxidation it 
gives propionic acid, which proves its constitution. 

(2) Sec. or Iso-Propyl Alcohol, 0H3-CH( OH)* CH^ (propanol-2 or dimetTiyharbinol), ib 
a colourless liquid, b.pt. 81°, sp. gr. 0 789. It is obtained from isopropyl iodide and hence 
indirectly from glycerol, or by reducing acetone with sodium amalgam, the constitution 
attributed to it being thereby confirmed. 

BUTYL ALCOHOLS, C^H^oO. The four isomerides, predicted by theory, are 
knovm : 

(1) Normal Butyl Alcohol, CH 3 *CH 2 *CH 2 *CH 2 * OH {IvJtanol-l or propylcarbinol), is a 
liquid, b.pt. 117°, sp. gr. 0*810, and has an irritating odour ; 12 vols. of water at 22° dissolve 
only 1 voL of it, this being separated from the solution by the addition of a soluble salt. 

sodium carbonate solution, evaporating m a silver dish and fusing the residue with solid caustic soda ; the white 
mass IS dissolved m water, the solution acidified with hydrochloric acid, and the sulphuric acid (derived from 
the sulphonic group of the saccharin) precipitated quantitatively as barium sulphate. The weight of the latter, 
multiplied by 0 785, gives the weight of saccharin 

Qaramef idded to colour the beer is recognised by shaking 20 e c. with about 30 to 40 grms until saturated) 
of solid sodium sulphate and 60 c c of Q5 per cent, alcohol. If the lower liquid is markedly coloured and forms a 
greenish brown deposit, the presence of caramel is indicated ; beer containing no caramel becomes decolorised 
and gives only a greenish or dark greenish brown deposit if it contains coloured malt 

Pwir acid IS detected by evaporating a litre of the beer to a syrupy consistency, extracting with boiling absolute 
alcohol, filtering and evaporating the alcoholic liquid, dissolving the residue in water, adding a few drops of hydro- 
chloric acid and heating for an hour with a few strands of wool ; if the latter are coloured yellow, picric acid is 
present. 

Extraneous diiter substances are tested for by evaporating 2 litres of beer to half its volume and precipitating 
the r^idue in the hot with lead acetate ; the hot liquid is filtered rapidly and the lead then precipitated with 
aauipoiiium stilp|iate and filtered off, ^he filtrate should have no bitter tfiste. 
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It is found in fusel oil and can be obtained by fermenting glycerol or mannitol (yield 
8 to 10 per cent.) with Bacillus hidylicus (contamed m the excreta of cows). It can also 
be prepared synthetically by the various general processes (p. 104). Its constitution is 
indicated by its syntheses and by the possibility of transforming it into normal butyric 
acid by oxidation. 

(2) Secondary Butyl Alcohol, CH3 • CH2 * CH(OH) • CH3 {butanol-^ or etJiylmethylcarhinol) 
is a liquid with an intense, pecuhar odour, b.pt. 100°, sp. gr. 0*808. It can be obtained by 
treating the tetrahydric alcohol, er3i:hritol, C4H3(OH)4, with hydriodic acid or by the 
interaction of normal butylene and hydriodic acid and hydrolysis of the resultmg iodide. 

OH 

(3) Isobutyl Alcohol, • CH2 • OH (metkylpropanol), is termed also bidyl alcohol 

0II3 

of fermentation, since it abounds in Hlq fusel oil of potatoes, from which it can be extracted 
by forming the corresponding io do -compound. It is a colourless liquid, b.pt. 107°, sp. gr. 
0*806, and has a characteristic alcoholic smell. Its constitution is determined by the 
fact that, on oxidation, it yields isobutyric acid, the constitution of which is knovia. 

CH 

(4) Tertiary Butyl Alcohol, ^g.^>C(OH)*CH3 (trimethyloarhinol or methyl-2 -propanol), 

occurs in small proportion in fusel oil, and can be prepared by the action of hot 75 per cent, 
sulphuric acid on isobutylene, which thus takes up 1 mol. of water. When pure, it forms 
rhombic prisms or plates, m.pt. 25*5°, sp. gr. 0*786 (solid), b.pt. 83°. On oxidation it gives 
acetic acid, acetone, and carbon dioxide. 

AMYL ALCOHOLS, CsHn-OH. The eight isomerides theoretically possible are 
known, the most important being : 

(1) Normal Amyl Alcohol, CH3.CH2.CH2.CH2*CH2*OH (penia^iol-l), b.pt. 138°, 
sp. gr. 0*817, is of little importance, and is obtained by reducing normal valeraldehyde or 
by the other general methods. 

(2) Amyl Alcohol of Fermentation, ^|^®^CH-CH2* CH2* OH {methyl-d-hutanol-1 or 

isohutylcarbinol), is a liquid, b.pt, 130°, sp. gr. 0*810, and is solid at —134°. It imparts 
its characteristic smell and burning taste to fusel ©il, in which it abounds. It is to this 
alcohol that the poisoning effect of spirits is principally due. It occurs naturally in Eoman 
chamomile oil. 

(3) Active Amyl Alcohol, ^g®^CH-CH2* OH {metrhyl-2‘hutanol-l or 2-methylbuian- 

l-ol), boils at 128°, has the sp. gr. 0*816, and is found with the amyl alcohol of fermentation. 
It contains an asymmetric carbon atom (see p. 19) and is Isevo-rotatory, whilst the halogen 
compounds and the valeric acid derived from it are dextro-rotatory ; also the dextro- 
isomeride of this acid yields a laevo-rotatory iodide. 

(4) Tertiary Amyl Alcohol, ^^^C(OH) • CH2 • CH3 (methyl-2-butanol-2 or amylern 

hydrate or dimethylethyharhinol) is an oily liquid with a faint odour of mint. It boils at 
102° and is prepared from amylene by the indirect addition of water under the influence of 
sulphuric acid. It exerts a soporific action. 

HIGHER ALCOHOLS. Of these may be mentioned : Primary normal hexyl alcohol 
or hexanol, CHg- [0H2]4*CH2-0H (14 of the 18 hexyl alcohols predicted by theory are 
known), can be obtained from caproic acid, C6H12O2, and is found as butyric and acetic 
esters in the ethereal oil of the seeds of Heracleum giganteum and in the fruit of Heracleum 
spondylium : it boils at 158° (under 740 mm. pressure), and has a specific gravity of 0*820. 
Gaproyl or isohexyl alcohol, (OH3)2 : CH-CHg-CHg-CHg-OH, b.pt. 150°,isfoundin vinasse 
and in fusel oil. Heptyl (or omanJthyl) alcohol, C7Hi60 ; of the 38 possible isomerides, 
13 are known. Normal octyl alcohol, GgHigO, is contamed in Heracleum spondylium and 
Heracleum gigawteum ; secondary o<Ayl alcohol (or capryl alcohol or methylhexylcarbinol) is 
formed on distilling castor oil. Other higher alcohols are obtained by reducing the corre- 
sponding aldehydes with zinc dust and acetic acid ; they are almost solid, like paraffin wax. 
Getyl or normal hexadecyl cdcoM, C15H34O, combined with palmitic acid, forms the principal 
component of sperm oil, Geryl alcohol (cerotin),02^5s * occurs as cerorieest^ in CShinese 
wax and m wool-fat ; it melts at 76° to 79^- Medissyl or myricyl adcohol, 
is found as the-palmitic ester in beeswax and <^ucnauba wax and is obtained free by saponi- 
fication with alcohoEc potash. 
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11. UNSATURATED MONOHYDRIC ALCOHOLS 

These are similar to the saturated alcohols, but, as they contain one or two double 
linMngs, they behave like the olefines and diolefines in taking up two or four atoms of 
hydrogen, halogens, &c., to give saturated compounds. If they contain a triple linking, 
— C = GH, they form explosive metallic compounds, as does acetylene (p. 91). 

VINYL ALCOHOL, CHg : CH-OH (Ethenol), appears to be present m commercial 
ether, but it has never been isolated, attempts to synthesise it leading, as is the case with 
other similar compounds, to an isomeride — acetaldehyde, CH 3 *CHO ; the formation of 
the latter is explained by the addition of a molecule of water to the alcohol, and immediate 
loss of a molecule of water from the compound thus formed. 

ALLYL ALCOHOL, CHg : CH-CHg-OH (Propenol), is a liquid of pungent odour, 
b.pt. 97°, and readily soluble in water. It is formed m small quantity in the distillation of 
wood, but is more easily obtained by heating glycerol at 26° with oxalic acid and a little 
ammonium chloride. 01, Br, ON, and HCIO can be added on to it directly, but not H. 
When cautiously oxidised, it takes up 0 and H 2 O, giving glycerol or even acrolein (allyl 
aldehyde) and acrylic acid, which shows it to be a primary p^lcohol. 

CITRONELLOL, C 10 H 20 O, is found in attar of roses. 

PROPARGYL ALCOHOL, CH i C-CHg-OH (Propinol), is a liquid with a pleasant 
odour, lighter than w^ater, b.pt. 114°. 

GERANIOL, CioHisO or (CH 3)2 : C : CH-CH 2 *CH 2 -C(CH 3 ) : CH CHg-OH, is a pleasant- 
smelling oil, b.pt. 121° under 17 mm. pressure. It is obtained from geranium oil, and 
on oxidation gives citral (the corresponding aldehyde) which occurs in mandarin oil and 
in essences of orange and lemon and to a very considerable extent (60 per cent.) in 
verbena oil. 


IIL POLYHYDRIC ALCOHOLS 
{a) DIHYDRIC ALCOHOLS OR GLYCOLS, C„H2,(OH)2 

Substitution of two hydrogen atoms joined to different carbon atoms 
by two hydroxyl groups gives dihydric alcohols, containing two alcoholic 
groups. It is not, however, possible to have two hydroxyl groups united to 
the same carbon atom — although similar compounds are known for the ether 
derivatives known as Acetals {see later ) — since even if they could be formed 
they would immediately lose a molecule of water, forming aldehydes or 
ketones. 

The dihydric alcohols, owing to their sweet taste, were called Glycols by 
Wurtz, who prepared them by transforming a dihalogenated hydrocarbon into 
the corresponding diacetyl-ester by means of silver acetate and then saponi- 
fying the diacetyl compound either by baryta or sodium hydroxide or by 
boiling with water and lead oxide or sodium carbonate solution : 

CH^Br CH2-0-C0CH3 

I +2GH3*COOAg = 2AgBr+ I 

CHgBr dH2-0-C0CH3 

JStliyleiie bromide Diacetylglycol 


CHg-O-COCHs 

(1h2-0-C0CH3 


OHj-OH 

+ 2K0H = 2CH3-C00K + I (glycol) 

CHg-OH 


A special group of glycols, the pinacones, containing two adjacent tertiary 
alcohol groups (=C-OH), are formed by reducing the ketones with sodium 
and water, or, better, together with isopropyl alcohol, by electrolysing a dilute 
solution of sulphuric acid and acetone, the latter being reduced at the 
negative pole : 

0H3-C(0H)-CH3 

SCHg-CO-CHa + = CHs-OH(OH)-GH3 + I 

C!H3-C(0H)-CH3 
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this pinacone (2 : 3-dimethyl-2 : 3-butandiol), melts at 38°, boils at 172° and 
crystallises with GH^O. When distilled ■uitii dilute sulphuric acid, it is 
transformed into pinacoUne, (€^3)30* CO CH3, with separation of 
and transposition of an alkyl group. 

The glycols have an almost oily appearance ; their solubility and sweetness 
increase with the molecular weight ; the specific gravity and boiling-point are 
much higher than those of the monohydric alcohols with equal numbers of carbon 
atoms. The hydroxyl groups of the glycols behave like those of monohydric 
alcohols, so that the glycols can give rise to ethers and esters, alkoxides (sodium, 
&c.), halogen compounds {e,g. the chlorohydrins)^ aldehydes and acids, besides 
which they may give up 1 mol. of HoO forming anhydrides. 

ETHYLENE GLYCOL (Ethan-1 : 2-diol), C2H4(0H2), is a dense liquid, b.pt. 198®, 
and, on oxidation, yields glycoUic acid, COoH-CHa-OH and oxalic acid, COgH-COoH. 

PROPYLENE GLYCOLS. Two isomerides are known : a -Propylene Glycol, 
0 H*CH 2 *CH( 0 H)*CH 3 {propan-l : 2~diol), bods at 188° and is formed in the distillation 
of glycerol with sodium hydroxide. It contains an as 3 naimetrie carbon atom and, by the 
action of certain ferments, the Isevo-rotatory isoineride can be isolated. /3-Propylene 
Glycol boils at 216° and is formed by the bacterial decomposition of glycerol, as well as by 
the usual synthetical methods. 

In the higher glycols, when the two hydroxyl groups have four carbon atoms between 
them (y-glycols), water is readily separated and furan derivatives, analogous with pyrrole 
and thiophene compounds, formed. 

(6) TRIHYDRIC ALCOHOLS, C„H2„i(OH)3 

These are colourless, dense liquids with a sw^eetish taste and readily soluble 
in water ; they contain at least three carbon atoms and three hydroxyl groups, 
and are hence capable of forming three series of esters by combination with a 
monobasic acid. 

GLYCEROL, C3H5(OH)3, or OH*CH2*CH(OH)-CH2-OH (Propantriol), 
was discovered by Scheele in 1779. Chevreul and Braconnot (1817) found it 
as a component of all oils and fats. Its formula and constitution were estab- 
lished later (Pelouze, Wurtz, and Berthelot). It occurs abundantly in nature, 
not in the free state, hut combined with higher fatty acids in the form of esters 
{glycerides), which form the fats and oils; these contain 9 to 11 per cent, of 
combined glycerol. 

It exists free in rancid fats and is formed in small proportions in the fer- 
mentation of sugar (all wanes contain 0*98 to 1*67 per cent.). Industrially 
glycerol is obtained principally from factories where fats are decomposed 
(stearine- and soap-works). Synthetically it can be obtain^ by transform- 
ing propylene (from isopropyl iodide), by means of chlorine in the hot, into 
dichloropropane, C3H6CI2, which, with iodine chloride, gives the trichloro- 
derivative C3HgCl3 ; the latter, when heated with water at 170°, gives glycerol : 

CH2ChCHGhCH201 + SHgO = 3HCI + OH-CH2-CH(OH)-CH2-OH. 

This formation of glycerol and also that by the oxidation of aUyl alcohol, 
CH2 : CH-CH^-OH, demonstrate the constitution of glycerol. On the other 
hand, it is possible to prepare glycerol synthetically from the elements by way 
of acetylene, acetaldehyde (p. 91), acetic acid, acetone (by distillation of 
calcium acetate), isopropyl alcohol (by reduction), propylene, and thence, as 
above to glycerol (Friedel and Silva), 

PROPERTIES. Glycerol (also termed glycerine) is an oily, colour!^, (fense 
(sp. gr. 1*265 at 16°) liquid, with a sweet taste ; it is very hygroscopic and 
dissolves in ah proportions in water and alcohol, heat being developed on mixing 
58 parts of glycerol with 42 parts of water. 

It is insoluble in ether and chlorofara^i ; it dissolves to the extent of 5 per 
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cent, in dry acetone and to a greater degree in aqueous aeetone._ It boils at 
290° udth. partial decomposition, but it can be distilled unchanged m a vacuum 
(at 10 mm. pressure it boils at 162°). It crystallises at -40° or at a Mgher 
temperature if it contains water ; the separated crystals melt only at 22 . 

When heated for a long time at 130° to 160° in presence of sulphuric acid, 
glycerol loses one or more molecules of water, giving anhydrides or ethers 
of glycerol or polyglycerims (A. Nobel, 1890) ; W. Will (1904) arrived at the 
same result by heating glycerol for 7 to 9 hours at 290° to 295 and distillmg 
off the water formed. This treatment yields about 60 per cent, of mglycerol, 
C 3 Hs( 0 H) 2 - 0 -C 3 H 5 ( 0 H) 2 , and a httle tri- and polyglycerols ; aU these pro- 
ducts can be esterified like glycerol and yield, e.g. tetranitrodiglycenne, which 
does not congeal even at — 20° and has an explosive power like trinitroglycerine 
(see also G. Glaessen, Ger. Pats. 181,754 and 198,768, 1907). According to 
U.S. Pats. 978,443 (1910) and 13,234 (1911), glycerol readily polymerises 
when heated at 275° in presence of 0-5 to I'O per cent, of sodium acetate. 


70 per cent, being polymerised in an hour. 

When it is heated rapidly and strongly it decomposes, yielding partly 
acrolein with the characteristic pungent odour. Also when heated with PjOg 
or KHSOg, it loses 2HjO, giving acrolein, CHg : CH- CHO. 

One hundred parts of glycerol dissolve the following quantities of mineral 
salts : 98 of sodium carbonate, 60 of borax, 50 of zinc chloride, 40 of potassium 
iodide, 10 of boric acid, 50 of tannin ; bromine, ammonia, ferric chloride, &c., 


are also dissolved. 

Glycerol has the refractive index 1-476 at 13° and in aqueous solution the 
index varies proportionally with the dilution. By means of Lenz’s table, the 
concentration of glycerol solutions can be determined from either the spe(^c 
gravity or the index of refraction : 


Per- 
centage of 
glycerol 

Degrees 

Baum6, 

Beck, 

Grerlach 

Sp. gr. at 

12 noir 

Index of 
refraction 
at 12*6“ to 
12-8° 

Per- 
centage of 
glycerol 

Degrees 

Baumfi, 

Beck, 

Derlach 

Sp. gr. at 
12° to 14° 

Index of 
refraction 
at 12 5° to 
12*8° 

98 

30-1 

1-2637 

1-4729 

48 

16*2 

1*1265 

1*3979 

96 

29-6 

1-2584 

1-4700 

46 

15-5 

1*1210 

1-3950 

94 

29*1 

1-2531 

1*4671 

44 

15-0 

1*1155 

1*3921 

92 

28-7 

1-2478 

1*4642 

42 

14*3 

1*1100 

1-3890 

90 

28*2 

1-2425 

1*4613 

40 ' 

13-6 

1*1045 

1-3860 

88 

27-7 

1*2372 

1-4584 

38 

13*0 

1*0989 

1-3829 

86 

27*1 

1-2318 

1-4555 

36 

12-3 

1*0934 

1-3798 

84 

26-6 • 

1*2265 

1-4525 

34 

11-5 

1*0880 

1-3772 

82 

26-1 

1*2212 

1*4496 

32 

11-0 

1*0825 

1-3745 

80 

26-6 

1*2159 

1-4467 

30 

10-3 

1*0771 

1-3719 

78 

25*1 

1*2106 

1-4438 

28 

9 6 

1-0716 

1-3692 

76 

24-5 

1-2042 

1*4409 

26 

9-0 

1-0663 

1-3666 

74 

24*0 

M 999 

1-4380 

24 

8-3 

1-0608 

1-3639 

72 

23-5 

M 945 

1*4352 

22 

7-6 

1-0553 

1-3612 

70 

23-0 

1-1889 

1*4321 

20 

6-9 

1*0498 

1-3585 

68 

22-3 

1*1826 

1*4286 

18 ; 

6*1 , 

1-0446 

1-3559 

66 

21-6 

1-1764 

1-4249 

16 

5*6 

1-0398 

1-3533 

64 

21-0 

M 702 

1*4213 

14 

4-9 

1-0349 

1-3507 

62 

20-3 

M 640 

1*4176 

12 

3*8 

1-0297 

1-3480 

60 

19*8 

1*1582 

1-4140 

10 

3-4 

1 0245 1 

1 3454 

58 

19-2 

1*1530 

1*4114 

8 

2-8 

1-0196 

1-3430 

56 

18-6 

M 480 

1-4091 

6 

2-1 

1-0147 

1-3405 

54 

18-0 

1*1430 

1*4065 

4 

1-3 

1-0098 

1-3380 

52 

50 

17-4 

16-9 

1*1375 

1-1320 

1*4036 

1*4007 

2 

0-7 

1-0049 

1 

1 

1-3355 
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GLYCEROL 

Glycerol has the interesting property of preventing the precipitation of 
various metallic hydroxides (^.e. it keeps them dissolved) ; for instance, in 
presence of glycerol, potassium hydroxide does not precipitate salts of chromium, 
copper, &c. With alkalis it forms slightly stable soluble alkoxides. It does 
not reduce silver or cupric salts, and hence cannot contain aldehyde groups ; 
it is not coloured by concentrated sulphuric acid or by sodium hydroxide on 
boiling. The halogens act on gtycerol, not as substituting, but as oxidising 
agents. It inverts cane-sugar and renders starch soluble ; 100 parts of glycerol 
and six of starch at 190° give starch soluble in water, and the starch can be 
separated from the glycerol, when cold, by precipitation with alcohol. 

Like the other polyhydric alcohols (glycols, erjdhritol, and its isonierides, 
also glucose and its isomerides — galactose, &;c. — but not cane-sugar, quercitol 
or dextrin) glycerol, when added in sufficient quantity, transforms the alkaline 
reaction of borax solutions in an acid reaction, thus allowing of the determina- 
tion of boric acid and borax by titration. 

Under the action of certain schizomycetes, glycerol yields normal butyl 
alcohol, butyric acid and, partly, ethyl alcohol. 

Being a trihydric alcohol, glycerol is able to form esters of three t;^q)es 
(mono-, di- and tri-), according as one, two, or three hydroxyl groups are 
replaced by inorganic or organic acid residues. In this way the glycerides can 
be regenerated ; for example, when excess of stearic acid is heated vith glycerol 
at 200"^ under reduced pressure until no more water separates, iristearin is 
formed. 

When cautiously oxidised, glycerol forms first glyceric acid, OH-CHg- 
CH(OB[)*GOOH, which undergoes further oxidation to iartronic acid, 
C00H-CH:(0H)-C00H, so that it is proved that glycerol contains two 
primary alcohol groups, ('CHg-OH); also, as tartronic acid still exhibits 
alcoholic characters, it must contain a secondary alcohol group. The con- 
stitution of glycerol is hence completely proved. 

USES OF GLYCEROL. The majority of the glycerol manufactured is 
used for the preparation of nitroglycerine and hence of dynamite {see later). 
It is also used to give body to light wines (termed Scheelisation, after Scheele, the 
discoverer of glycerol). It is employed in the manufacture of liqueui^, syrups, 
preserves, and sweetmeats, since it is sw^eet and dense, and, to some extent, 
anti-fermentative. It is added to chocolate, tobacco, cosmetics, textiles to he 
dressed, and leather goods, since it does not dry and keeps them soft or pliable. 
It is also used in extracting from flowers and herbs delicate perfumes which 
would undergo change it extracted hy distillation. 

It is employed as a non-congealing and lubricating liquid (a solution of 
sp. gr. 1*13) in gasmeters ; for greasing iron objects to prevent them from 
rusting; for making eopyiag-ink, soap, and shoe-polish; for preserving 
anatomical preparations, &c. 

INDUSTRIAL PREPARATION. Glycerol is almost exclusively obtained as a 
secondary product in the treatment of fats. Until the year 1885 only the aqueous residues 
of stearine works were worked up (the fats are decomposed with lime, sulphuric acid, steam, 
or ferments), but nowadays almost all the alkaline lye of soap factories (where the fats 
are treated directly with caustic soda and then with salt) ^ are utilised. 

Of the 9 to 11 per cent, of glycerol contained in fats, 8 to 10 per cent, can he recovered 
(only 4 per cent, when the decomposition is effected by sulphuric acid, the naaximum yield 
being obtained when water or ferments are used). 

The treatment of the dilute solutions of crude glycerol varies with their origin : soap- 
lyes (which are sometimes concentrated in the soap-works and sold to the glycerol refiners) 

* These lyes have an alkalme reaction and, on analysis, one of them gave the foHowing resclts : water, 61 per 
cent.: ^yceroL 16 5 per cent, salts; 22 per cent, (eight-tenths of which were Xad, one-tenth XasSO^ and 
one-thirtieth XasCOjO* The specific gravity varies from S® to 7® and the proportion of glycerol usually 
from 6 to 12 per cent. 



186 ORGANIC CHEMISTRY 

are treated \dth 0*1 to 0*2 per cent, of lime or ferrous sulphate and mixed by means of an 
air-jet ; the liquid is decanted, slightly acidified with hydrochloric acid and skimmed ; 
a small quantity of aluminium sulphate is then added, the liquid being decanted, rendered 
slightly alkalme, passed through a filter-press and concentrated in open boilers furnished 
with stirrers until sodium chloride begins to separate ; subsequent concentration to the 
sp. gr. 28° Be. is carried out in a vacuum, the salt deposited being gradually removed. This 
crude glycerol contains 85 to 90 per cent, of glycerol and 1 per cent, of salts, and has a dark 
vellow or brownish colour. Sometimes the alkali is removed from the soap lyes by adding a 

little resin and boiling, so that the 
resin soap formed is carried to the 
surface and can be decanted (to be 
utilised by adding to ordinary soap). 

The free lime may also be pre- 
cipitated with an oxalate or with 
carbon dioxide. The concentration 
is not carried out in open vessels, 
as, when the aqueous solutions are 
vigorously boiled, the steam given 
off carries away appreciable quan- 
tities of glycerol. The concentration 
is hence earned to a certain point 
in an apparatus (Fig, 172 shows the 
Droux apparatus and Fig. 173 that 
of Morane), fitted with rotating coils or hollow discs, in which steam under pressure circu- 
lates. The apparatus is covered in and the steam from the solution issues rapidly through 
a tube communicating with an aspirator. When the density reaches 18° to 20° Be. the 
solution is decanted or filtered and then further concentrated in a vacuum to 27° to 28° B6. 

In some cases the glycerol thus obtained, while still boiling, is decoloripcd by adding 
animal charcoal and filtering through a filter -press. This glycerol always contains a small 
quantity of dissolved salts. To purify it, its temperature is raised to 110° to 120° by means 
of superheated steam, the acids or more volatile products being thus eliminated. It is 
then distilled with superheated steam at 170° to 180°, at which temperature all the 
pure glycerol passes over. This is rectified 
in one apparatus to 22° Be. and in a 
second, under diminished pressure andwhh 
superheated steam, to 28° Be., at which 
concentration almost all the salt separator . 

The vacuum distillation is sometin co 
effected by a triple-effect apparatus (Pick 
type, see voL i, p. 453 ; also section c n 
Sugar), with which it is easy to remove 
the salt as it separates without interrupt- 
ing the distillation. 

These forms of apparatus for purifica- 
tion and distillation are named after their 
inventors (Hagemann, Scott, Jobbins, van Ruymheke, Lehmann, Hcckmann, &c.). 

The Heckmaim process consists in distilling the aqueous glycerine, already concentrated 
to beyond 20° Be., in a boiler, A (Fig. 174), into which steam superheated to 200° to 
220° and under half an atmosphere pressure is passed by means of a perforated coil. In 
order to prevent the scum being carried over with the steam and glycerol, a perforated 
disc, a, fitted with a vent-pipe is fixed two-thirds of the way up the boiler. The vapours 
issue by the pipe B, and are condensed in the reservoir, G, which is heated to 80° to 90° 
with indirect steam circulating in the jacketed bottom, D, Above the reservoir is a 
rectifying column, with a dephlegmator, E, similar to, but much lower than, that used for 
the rectification of alcohol {see p. 136). 

During the distillation, a slight vacuum is maintained in the whole apparatus by means 
of a suction pump, Y, so that principally water-vapour and only a little glycerol are evolved 
from the reservoir, (7. The glycerol vapour separate in the column and returns to the 
reservoir, whilst the condenser, Jf, condenses only the w$>t or- vapour, which is controlled 



Fig. 173. 



Fig. 172. 


PURIFICATION OF GLYCEROL 187 

by its density, colour, and taste in the test-glass, and is then collected in the tank, O. 
In C the glycerol finally reaches a concentration of 95 to 99 per cent. 

The rectif}fing column is sometimes replaced by a series of communicating, rertical 
copper tubes (Fig. 175) which fractionally condense the glycerol- and water-vapours from 
the boiler, B (heated partly by d-rect fire), mto which passes steam from v, superheated 



in the furnace, T. By means of the pump, Z, a vacuum is maintained in the whole apparatus, 
so that, as the distillation proceeds, fresh glycerine from the reservoir, Jl, can be drawn 
into the boiler. In the first cylinder or condensing tube, which soon reaches a temperature 
of 100°, almost pure glycerol separates, whilst in the succeeding tubes, cooled only by the 
surrounding air, more and more dilute glycerine and finally water separate. Below each 
tube is a horizontal cylinder, these serving to collect the glycerols of difierent concen- 
trations, some of which are subjected to redistillation. In this way is obtained the best 
dynamite glycerine, which must have a specific gravity of 1*263 (98 to 99 per cent.), and 
should not contain lime, sulphuric acid, chlorine, or arsenic. 

The final decoloration may also be effected by sodium hydrosulphite. Very pure 



Fig. 175. 


glycerol has been obtained by maintaining it at 0° for some time and then inducing crystal- 
lisation by a few pure crystals obtained separately by cooling to — 40° (Kraut’s process). 
The degree of purity is increased by a second crystallisation. 

Purification by an osmotic process has also been attempted but with unsatisfactory 
results. 

During the last few years the glycerine liquids from the biological or catalytic decom- 
position of fats [see section on Fats) have also been worked up : they are first neutralised 
or, better, rendered slightly alkaline with milk of lime and, after b^g left for some time, 
the liquid is decanted or filtered off, concentrated to 15° Be. in mcm, again allowed to 
stand to deposit a further quantity of lime, decolorised by pas^ng through a carbon filter 
and again concentrated to 28° B6. 

Various attempts have also been made to recover the glycerine from the waste liquors 
from the manufacture of alcohol, but as yet without much success (Ger. Pats. 114,492, 
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125,788, 129,578, 141,703, and 147,568). Separation of glycerine by dialysis does not 

^^^«;tATT8TIcI' and prices. In 1890, tlie world’s production of crude glycerine 
amounted to 26,000 tons from candle factories and 14,000 tons from soap factories, the 
amounts due to the principal nations being : France, 6000 tons (candles), 3500 tons (soap) ; 
Germany, 3000 and 2000 ; England, 1200 and 5500 ; Italy, 180, &c. 

In 1900 the production rose to 80,000 tons (equally divided between soap and candle 
f lotories) and Germany, with a production of about 10,000 tons, exported 2730 tons (value 
about £140,000) in 1900 and 1580 tons in 1909, against importations ot 5373 * 0 “ in raub 
and 3530 tons in 1909. In 1890 France exported 3856 tons (value £156,000), m 1900 about 
7450 tons (value £308,000), and m 1909 as much as 7000 tons out of a total production of 
12 000 tons ; 9000 tons were made at Marseilles, where the most important refinery produces 
more than 2000 tons per annum. The French exportation is now directed especially to 
the United States (more than 4000 tons in 1910). According to the official statistics ^.) 
Italy produced 190 tons of distiUed glycerine (worth £8660) in 1905 and 215 tons (value 
£12 040) in 1908 ; the imports were 198 tons in 1907 and 1908, 160 tons in 1909 and 270 
Ions in 1910- and the exports 833 tons in 1908, 1145 tons (worth £59,540) m 1909, and 


1763 tons (value £126,920) in 1910. 

In 1910 Spain produced 2500 tons of glycerine and exported 893 tons, in 1905 the 
United States produced 23,000 tons (£1,040,000), of which 13,500 tons were obtained from 
soap-works ; the imports amounted to 16,000 tons in 1909 and to more than 20,000 tons in 
1910. England exported 10,500 tons (one-half in the crude state) in 1909 and about 12,500 
tons (£1,040,000) in 1910 ; in 1911 the output was 16,000 tons, one-half of which was refined. 

Two main qualities of glycerine are distinguished : ^ (a) Crude glycerine from the 
candle or soap works ; {b) Befined glycerine^ which is subdivided into : pale, white, for 
dynamite, and chemically pure. 

In 1905-1909 the price of No. II dark brown crude glycerine at 24° Be. was 30s. 6a, per 
quintal, and at 28° Be. 36s. per qruntal ; for the light brown quality, 46s. 6cZ. per quintal 
at 28° Be., and for the pale at 28° Be. £4. Yellow refined at 28° B6. cost 93s. ; 
white refined No. I, 96s. at 28° Be. and 108s. at 30° Be. ; free from lime for soap, 
£5 at 28° and 108s. at 30° Be. Fmally the purest double distiUed glycerine for nitro- 
glycerine at 31° Be. cost £6 per quintal. At the beginning of 1910 these prices were 
increased by 25 per cent, and towards the end of 1910 by 50 per cent, or even 70 per cent. 
At the beginning of 191l‘ they were still higher mainly owing to the large amount required 
in North America for making dynamite for the Panama Canal and other public works. 


C. TETRA- AND POLY-HYDRIC ALCOHOLS 

These are usually sweet, crystalline substances which decompose near their 
boiling-pomts. They are distinguished one from another by the crystalline 
forms of their phenylhydrazine derivatives. 

1 Tests for Glycerine : the crude, pale at 28® B6-, contains 0*5 per cent, of ash and is not rendered 
turbid by HQ, and only faintly so by lead acetate ; that separated from sulphuric acid saponiflcations, besides 
havmg a had smell and taste, gives 3 to 5 per cent, of ash and 84 to 86 per cent, of glycerine, a turbidity (fatty 
acids) or precipitate being produced by HCl or lead acetate. The glycerine to be used for nitroglycerine and 
dynamite is subjected to the following tests ; the water is calculated from the loss in weight of 20 grms. heated 
for 10 hours at 100® and for a few hours at a slightly higher temperature. Tive grammes, after being heated m a 
platinum dish at 180® until no farther evolution of vapour takes place, are weighed, and should then undergo no 
further diminution in weight when again heated for a short time ; it is then ashed in the usual way and the ash 
tested for metals and salts. Qiyemm for tiMroglycerine should have been distilled at least once, should not 
eontam sugar or fatty acids, should have a neutral reaction and should contain no lead, calcium, or other metals or 
foreign metalloids ; only traces of Q, As, and JFe are allowed : the specific gravity shoidd exceed 1*262. The purest 
glycerine (puriss.) does not contain more than 0*03 per cent, of ash and as much organic impurity, and for dynamite 
these two should not exceed 0 25 per cent. Oxalic acid is detected by neutralising with ammonia, acidifying 
with acetic acid and precipitating with Cadji. The glycerine content is determined from the density (the air- 
bubbles being removed by heating), use being made of the Table on p. 184 ; in Germany a special Berthelot scale is 
used indicating one degree higher than the Baum6 scale, 26® Berthelot corresponding with a specific gravity of 1*210, 
28® with 1 230, 29® with 1*240, and 30® with 1*250. The mdex of refraction is determined at the temperature 
indicated in the Table. In many cases the glycerine is estinaated directly by means of the acetyl number {see 
succeeding Note), but the method in which the ^ycerine is oxidised by hot permanganate and potassium hydroxide 
to oxalic acid and the latter precipitated as calcium oxalate should be rejected. The fairly rapid Hehner- 
Richardson-Jaffe method is used more successfully : the ^ycerme is destroyed with dichromate and sulphuric 
acid, and the amoxmt of dichromate used up (or, according to Gautter and Schulze, how much 00® is evolved) 
measured by titration with sodium thiosulphate, or, better, ferrous ammonium sulphate. This method assumes 
that the glycerine contains no chloride, nitrate, or extraneous organic matter ; these impurities can, in any case, 
be dominated by means of silver oxide (chlorides), and lead acetate and calcium carbonate (organic matter), 
decoloration bmg then efieeted by heatmg with animal charcoal. 
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They do not reduce Pehhng’s solution and hence differ from the carbo- 
hydrates, but are derived from these by reduction. 

The valmcy of an alcohol is given by the number of alcoholic hydroxyls it 
contains, and hence by the number of monobasic acid residues it can fix to form 
a neutral ester. Acetic anhydride serves well for this purpose, the hydrogen 
atoms of the hydroxyl groups being replaced each by an acetyl group, CHg • CO : ^ 

^(OH), + 6(GH3-C0)20 = 6 CH 3 .COOH + CeHgCO - 00 - 053 ) 3 . 

Mannitol Hexacetylmannitol 

Esters can also be prepared with bromobenzoic acid, the bromine in the 
resultant product being determined and the number of hydroxyl groups 
deduced therefrom. Well-defined compounds are also formed with benzal- 
dehyde and are employed in separating the constituents of different mixtures. 

ERYTHRITOL (Butantetrol), 0H-CH2-CH(0H)-CH(0H)-CH3-0H, is found in nature 
in the free state in Protococcus vulgaris, and as orseUinic ester (crythnn) in lichens and aigse. 
It forms crystals, m.pt.. 112°, b.pt. 330°, and is slightly soluble in alcohol and insoluble in 
ether. It is obtained by decomposing d-glucose or synthetically from crotonylene, and its 
constitution is deduced from the fact that it yields secondary normal bptyl iodide on 
reduction with hydriodie acid. A similar reaction takes place with the higher polyvalent 
alcohols with normal chains. The four possible stereoisomerides are known, the most 
common being the one now described which is optically mactive. 

PENTA-ERYTHRITOL has the formula CfCHg *011)4, and melts at 253°. 

ARABITOL, C5H7(0H)5 (Pentahydroxypentane), crystallises in acieular prisms, 
m.pt. 102°, has a sweet taste and is formed by reducing the corresponding sugar, arahi- 
nose, with nascent hydrogen ; reduction of xylose similarly yields xylitoL 

MANNITOL, CsH 8(OH)6 (Hexanhexol), occurs abundantly in the vegetable kingdom 
(the larch, sugar-cane, Agaricus integer containing 20 per cent, of mannitol, &c.), but espe- 
cially in the manna ash (Fraxinus ornus)^ the dried juice of which forms ordinary mauTia; 2 

^ In this way is determined the so-called acdyl nurmher which is so widely used in the analysis of fats and oils. 
With these, the test is made on the insoluble fatty acids obtained by saponifying 40 to 50 grms. of the fat with 
40 c.c. of KOH solution (sp. gr 1 4) and 40 c c. of alcohol, this mixture being heated for half an hour on the 
water-bath, after which it is diluted with a litre of water and boiled for three-quarters of an hour m an open 
beaker to eliminate the alcohoL The liquid is acidified with sulphuric acid and boiled until the fatty acids separate 
in a transparent condition, when they are removed with a tapped funnel, washed twice with hot water and dried m 
an oven at 100® to 105®. To determine the acetyl number, a few grammes of the substance containing the hydroxyl 
groups (or about 20 grms. of hydroxylic fatty acids) are treated with two or three times their volume of acetic 
anhydride and a few drops of concentrated sulphuric acid (formerly in place of the sulphuric acid fused sodium 
acetate, m quantity equal to the acetic anhydride, was used, the mixture being heated for two hours on the water- 
bath in a reflux apparatus). The mass heats spontaneously, and in a few minutes acetylation takes place ; it 
is then allowed to cool, calcium carbonate being added to precipitate the sulphuric acid and the liquid filtered 
The filtrate is distilled or evaporated to separate the acetate m a liquid or crystalline condition. 

In the case of the fatty acids, the filtrate is, however, diluted with 600 to 700 c c. of water and boiled for 
30 to 40 minutes in an open beaker to remove the acetic acid, a slow current of 00^ being passed into the bottom 
of the liquid to prevent bumping. The supernatant liquid is then siphoned from the acetyl compound, which is 
boiled with another 500 c.c. of water and so on, this operation being repeated until the washing water no longer 
has an acid reaction. The acetylated derivative is then collected on a filter, washed and dried in an oven. 

Of this compound, 0*5 to 1 grm. is dissolved m pure, neutral alcohol, and the solution heated for 45 minutes on 
the water-bath m a 150 c c. flask with a definite volume (30 to 50 c c.) of seminonaal alcoholic potash. "When 
cold, the liquid is titrated with semmormal hydrochloric acid in presence of phenolphthalein to determine the 
excess of alkali which has not taken part in the splitting of the acetic ester. 

One hydroxyl group for every grm -mol. of substance corresponds with 56 grms of KOH fixed. With the 
fatty acids, which contam also the carboxyl group, the procedure is as follows : 3 to 4 grms of the acetyl derivative 
are dissolved in pure, neutral alcohol and the acidity of the carboxyl group {acetyl acid value) determined by 
titration with X/2-alkali ; the neutralised liquid is boiled with a known volume in excess of lsr/2-alcoholic potash 
for a short time on the water-bath, retitration with X/2-hydrochlOTic acid given the excess of alkali not combined 
with acetyl groups. The alkali combined (after the flmt neutralisation), expressed in mgnuo. of KOH per 1 grm. 
of acetyl compound gives the acetyl number. With the fatty acids the sum of the acetylated acid number and 
the acetyl number is termed the acetyl saponification valm. Tiom the acetyl number (X), the molecular magnitude 

56,100 

(if), of the alcoholic substance can be deduced by the formula : M = — 42. 

» Manna is extracted more particularly from Fftwmus omus and Fraxinm rotundifoUa, which are widespread 
in Sicily and Calabria and from which it readily flows through long vertical incisions made in summer and amtumn. 
It seems to occur in the rising sap before this reaches the leaves and is thought by some to be produced by ^ssynae 
actions. Crude, commercial manna contains 12 to 13 per cent, of water, 10 to 15 per cent, of sugar, 32 to 42 
per cent- of matmitol, 40 to 41 per cent, of mucilagmous substances, organic aciifc and nitrogenous matter, 1 to 2 
per cent, of insoluble substances and 1 to 2 pm* cent, of ash Am&dlicm rmmm (from 
contains as much as 90 per cent, of mannitol. 

The maxma tree grows m fertile, rocky soi^nd is incised haita tenth year and iu the foHoWhig 10 or 15 years. It 
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from this alcohol extracts pure mannitol, which can he decolorised by repeated treatment 
with charcoal. In manna it w-as discovered by Proust in 1806. It is obtained synthe- 
tically by reducing fructose or glucose : C 6 H 12 O 6 + H 2 == C 6 H 14 O 6 . 

The optically inactive, Isevo- and dextro-rotatory forms are known, the last being the 
most common ; the optical activity is slight but is rendered more apparent by the addition 
of borax. When heated it loses water giving anhydrides (mannitciTif C 6 H 42 O 5 , and wicinnide, 
C 6 H 10 O 4 ) ; in a vacuum it distils unchanged. 

One hundred parts of water dissolve 16 parts by weight of mannitol at 16°. 

Prom alcohol it crystallises in triclinic acicular prisms and from water in large rhombic 
prisms having a sweet taste and melting at 160°. 

Stereoisomeric with mannitol is DULCITOL, CgHgCOHje, which occurs in a number 
of plants and in Madagascar manna. It forms sweet, monoclinic prisms, m.pt. 188°, and is 
almost insoluble in water, even in the hot. Synthetically it can be prepared by reducing 
lactose and galactose. It is optically inactive even in presence of borax. 

Another stereoisomeride of mannitol is sorbitol, which melts at 104° to 109°, or at 75° 
when crystallised with IHgO. It can be obtained synthetically by reducing (^-glucose 
or ^Z-fractose. In presence of borax it shows a slight dextro -rotation. 

Other stereoisomerides are TALITOL and IDITOL ; these isomendes arc usually 
separated by means of the acetals they form with benzaldehyde. 


DD. DERIVATIVES OF THE ALCOHOLS 
A. DERIVATIVES OF MONOHYDRIC ALCOHOLS 
I. ETHERS 

These are generally formed by eliminating 1 mol. of water (for example, 
by concentrated sulphuric acid or by hot hydrochloric acid) from 2 mols. of 
alcohol, which condense to form 1 mol. of ether in the same way as 2 mols. of 
an acid give an anhydride : 


C^Hg-OH 

CHa-OH 




Ethers are not formed by secondary or tertiary alcohols. The first term of the 
series, methyl ether, is gaseous, and the succeeding terms become liquid and 
then solid as the molecular weight increases, the ethereal odour of the first 
members being gradually lost. 


is then cut back and the new branches incised in the seventh year and the succeeding 10 or 15 years. It is 
then again cut back, this procedure being continued for 80 or 100 years. “One hectare with 4500 trees gives as 
much as 100 kilos of manna per annum. It is harvested in August and September. 

Manna is used as a mild purgative for children. It has a sweetish taste, is soluble in water or alcohol, and, 
besides mannitol, contains various sugars such as stachyose and mannatriose. 

To extract the mannitol, the crude manna is dissolved m half its weight of water containing white of egg. 
The solutionis boiled for a few minutes and strained, and the filtered mass, solidified by cooling, pressed in bags, 
or, better, centrifuged and washed at the same time with a large quantity of cold water. It is redissolved in 
water and the solution boiled with animal charcoal, filtered under pressure, crystallised and centrifuged. The 
mother-liquors are used to dissolve Jhesh quantities of the crude manna The fineness of the crystals depends on 
the concentration and on the temperature of the air ; in some cases the crystallisation is disturbed by continually 
stirring the mass. 

Sometimes the manna solutions are first subjected to lactic fermentation, by which means considerable quantitio 
of «ilcmm lactate are obtained ; the mannitol is then extracted from the residual liquors. 

Mannitol is not fermented by heer-y^st, but with chalk and sour cheese it gives a considerable amount of 
alcohol, volatile acids, carbon ^oxide, and hydrogen. When cautiously oxidised with nitric acid, it forms 
(f-mannose and d-fructose, whilst with the Sorbose hacterivm it gives only the latter sugar. 

Mannitol has a slight Isevo-rotation (— 0*15°) which is increased by alkali and changed in sign by borax. It 
dissolves in 6 5 parts of water at 18®, in 80 parts of 60 per cent, alcohol at 15°, or in 1400 parts of absolute alcohol ; 
it is insoluble in ether. 

Manna in casks costs 3«. to 5s. per kilo ; assorted, Is. 7d. ; in lumps, 9 Jd. The average price of manna (from 
Oefalu) on the Genoa Exchange has gradually risen from about 2s. Id. m 1901 to about 4s. 7d. in 1910, when pure 
crystallised mannitol cost 7s. to 10s. per kilo. The best qualities of manna are those from Cefalu, Gerace, and 
Smauro ; of inferior quality is the Capaci variety, which is produced also at Cinisi, Belmonte, Gastellamare del 
Golfo, <fec. The Sicilian production, which represents almost the entire production of the world, was about 3600 
quintals in 1900, 7000 in 1902, 5100 in 1905, 6900 in 1906, 4550 in 1908, and less than 3000 (owing to the bad 
season) in 1910. The exports were 2320 qmntals in 1907, 1776 m 1908, 2582 (value £36,000) in 1909. About 
3000 quintals per annum are treated for the extraction of mannitolt— about 1000 qmntals, of which only one-third 
or onenfourth is consumed in Italy, 



191 


ETHERS 

Tile empirical formute of the ethers show them to be isomeric with the 
alcohols, but their constitution results from Williamson’s synthesis, according 
to which they are obtained by the action of a sodium alkoxide on the halogen 
derivative of an alcohol : 

If in the sodium alkoxide the sodium were not united to the oxygen but 
directly with carbon, this reaction would give an alcohol and not an ether ; 
indeed, if sodium ethoxide were NaCH^* GHg* would, with methvl iodide, 

give propyl alcohol : CH3I + NaCH^- CH^* OH = Nal+CHa* CH.* CH^- OH. 
But, in reality, methyl ethyl ether and not propyl alcohol is obtained, this 
proving the constitution of the metallic alkoxides and of the ethers, in which 
all the hydrogen atoms are equivalent. 

The interaction of silver oxide with alkyl halides {see p. 17 ) also leads to 
the formation of ethers : 2C2H5I + Ag^O = 2 AgI + C2H5-0-C2H5. 

If the alkyl radicles of an ether are similar, it is a simple ether, e.g, ethyl ether, 
C2H5-0*C2H5, whereas if the radicles are different, the result is a mixed ether, 
e.g. methyl ethyl ether, C2H5* 0* CH3. 

Sabatier, Senderens, and Mailhe (1909-1910) obtained ethers of different types, some 
mixed and of the aromatic series, by passing the superheated vapours of alcohols (250° to 
350°) over metallic oxides (titanium, thorium, tungsten, or, best of all, aluminium). The 
yield is quantitative, no ethylene hydrocarbons being formed as is the case when sulphuric 
acid is used. The process is continuous and pseudo-catalytic, unstable aluminium alkoxide 
being formed as an intermediate product : (C 2 H 50 )eAl 2 == AI 203 + 3{C2H5)20. In some 
cases this general method can be advantageously employed industrially. 

When the ethers are prepared from the alkoxides in alcoholic solution there should not 
be an excess of water (more than 50 per cent.) present, otherwise the alkoxide decomposes 
into alcohol and alkali hydroxide and no ether is formed. 

Also when sulphuric acid (or HCl) is used in the preparation, an equilibrium sets in 
between the reacting products — intermediate and final — this equilibrium being regulated 
by the mass law, so that a certain yield cannot be exceeded except by eliminating some 
of the new products formed {e.g. by gradually distiQing the ether ; see later ) : 

(а) G2H5.OH + H2SO4 = C2H5-S04H + H2O. 

Etliylsiilpiiuric acid. 

(б) C^H5.S04H + C2H5.OH = H2SO4+ C2H5.O.C3H5. 

The sulphuric acid is regenerated and can transform fresh alcohol into ether ; theoreti- 
cally, then, the initial quantity of sulphuric acid should be sufficient to transform an 
infinite quantity of alcohol into ether, hut in practice it is necessary to add a small quantity 
of the acid each time, as some of it is used up in the formation of sulphur dioxide, ethylene, 
and sulphonated products. The process is thus not practically continuous m the strict 
sense of the term, since in the phase (a) water is formed, and this cannot all be eliminated 
by distillation, but after a time accumulates in such quantity as to establish an equilibrium 
between the formation of ether and the decomposition of ethylsulphuric acid, alcohol and 
sulphuric acid thus being regenerated. 

The ethers are very stable and scarcely react in the cold with alkaHs, 
dilute acids, sodium or phosphorus pentachloride. When superheated with 
water and a Httle mineral acid, ether is converted back into alcohol : 

C^Hs • 0 • C2H5 + H2SO4 = • OH + C A • SO4H 

and the- same change occurs on saturating ether at 0° with gaseous hydrogen 
iodide : 

(C,H:5),0 + hi = O^Hs-OH + 

the hydrogeto iodide sabsegnenHy converting ifc alcohol into ethyl iodide ; 
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when mixed ethers are taken, the iodine unites preferably with the radicle 
containing the lesser amount of carbon. PClg also decomposes the ethers on 
heating : 

(CaHs),© + PCl^ = POCI3 + 2C2H,C1. 

The halogens give substitution products just as they do with the hydro- 
carbons, but nitric acid gives oxidation products. 

In the ethers are reproduced all the cases of isomerism presented by the 
alkyl groups from which they are derived, there being consecpiently numerous 
cask of metanierimn {see. p. 17), e.g. methyl amyl ether, CHg-O-OgH^, is 
metamerie with ethyl butyl ether, CgHg-O-C^Hg, and also with dipropyl 
ether, CgH^- O-GgH,, all these having the empirical formula CgHi^O. 

METHYL ETHER, CHs-O-CHg (Methoxymethane), is a gas, but liquefies at —23°, 
and then has a sp. gr. 1'617 ; it resembles ethyl ether. One volume of water dissolves 37 vols. 
of the gas, and 1 vol. of sulphuric acid 600 vols. of it. 

ETHYL ETHER, C^HioO (Ethoxyethane), CgHs-O-OgHs. This was pre- 
pared for the first time in the sixteenth century by Valerius Cordus from spirit 
of wine. It was formerly thought to contain sulphur, and was therefore given 
the name sulphuric ether, stiU in use. Its true composition was established by 
Saussure and by Gay-Lussac (1807 and 1815) and the constitution was enun- 
ciated by Laurent and Gerhardt and confirmed experimentally by Williamson. 
It was thought for a long time that the sulphuric acid employed in the manu- 
facture of ether possessed the sole function of fixing and subtracting water 
from the alcohol. Since, however, it was found that water formed in the 
reaction always distilled with the ether, this h37pothesis became invalid, and 
Berzehus and Mitscherhch attributed the reaction of etherification to the 
catalytic action of the sulphuric acid. 

Later on Liebig maintained that the ether is formed by the direct decom- 
position of the intermediate product (ethylsulphuric acid) with separation, 
in the hot, of SO3. Graham, however, succeeded in showing that ethyl- 
sulphuric acid, when heated alone at 140®, does not give ether, but that the 
latter is formed in presence of alcohol. In 1851 Williamson gave the true 
explanation of the process by dividing the reaction into two phases {a and b, see 
preceding page) ; the secondary products, explaining the loss of sulphuric acid 
{see above), were discovered later. 

Etherification takes place also if the sulphuric acid is replaced by phos- 
phoric, arsenic, boric, or hydrochloric acid. 

Sulphur dioxide, which is formed and lost in this process, is not produced 
if the sulphuric acid is replaced by an aromatic sulphonic acid, for instance, 
C^Hs-SOgH, or the corresponding chloride, CgHg-SOgCl (Kraft and Ross, 
Ger. Pat. 691,115), the temperature of the reaction being then slightly above 
100 ® : 

{a) CA-OH + CgHs-SOgH = H^O + CgH^-SOg- 00^* 

(6) C,H,*OH -f CA-SOg.OC^H^ = (C,H,),0 -b C^H.-SOgH. 

J. W. Harris’s process (U.S. Pat. 711,656) may also have an industrial 
future ; in this, acetylene and hydrogen give ethylene which, with H2SO4, 
forms ethylsulphuric acid, the latter then forming ether under the action of 
water. 

Good results are also given by the use of methionic add, CH2(S03H)25 
proposed by Schroeter and Sondag in 1908 ; with this acid aU the higher ethers 
can be prepared and 10 per cent, of the acid (on the weight of alcohol) is sufficient 
to give a continuous distillation of ether. 

Senderens transforms alcohol vapour quantitatively into ether by passing 
it over calcined, precipitated ajupfina heated exactly to 260® {see p. 191). 
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PROPERTIES. Etlier is a colourless, very mobile liquid boiling at 34*9'', 
feolidiiying at -129^ and mtdting at --113' ^it liaN the sp. gr. 0-7190 at 15". 
At 120 its vapour i^ressiire is 10 atmos. On evaporation, it x^rodiices intense 
cold. ^ It inflames very readily, but is not inflammable when mixed with 
35 to 50 per cent, of carbon tetrachloride. With air it forms explosive mixtures 
(P* 33). It is obtamed anhydrous by distilling over a little sodium. 

J. Meiinier (1907) has found that mixtures of ether vapour and air become 
inflammable and explosive when they contain from 75 to 200 mgrms. of ether 
per litre of air. 

As ether vapour is much hea\der than air (mol. wt. 74), it tends to collect 
in a dense, invisible layer on the floor or bench and may cause fire or explosion. 
It is soluble in concentrated hydrochloric acid. 

Water dissolves 6*5 per cent, of ether at 19", and ether dissolves about 
1*25 per cent, of water at 20°. Aqueous 
ether can be recognised by the turbidity pro- 
duced on shaking it with a small quantity of 
carbon disulphide. It is moderate^ soluble 
in concentrated sulphuric acid (1 vol 
dissolves 1-67 vol. of ether). It is an excellent 
solvent for many organic substances. It 
combines with certain inorganic substances 
(chloride of tin, aluminium, phosphorus, 
antimony, &c.) as ether of crystallisation. 

The action of light on ether produces small 
quantities of hydrogen peroxide, acetaldehyde, 
acetic acid, and vinyl alcohol. In contact with 
platinum black, ether ignites. When poured 
into a cylinder of chlorine it explodes and 
forms hydrogen chloride, whilst in the dark 
the slow reaction yields perchloroether. Ether 
is an anmthetic and was used as such before 
chloroform ; it is again coming into use at 
the present time, as it is not very dangerous, 
although it produces certain disturbing effects, 
for example, in the lungs. For this purpose 
it must be used in a highly purified con- 
dition. 176 . 

When mixed with liquid carbon dioxide, 
it lowers the temperature to 79*5° below zero. It decomposes at above 500°, 
giving acetaldehyde. 

INDUSTRIAL PREPARATION OF ETHER. Use is generally made of the con- 
tinuous process, the apparatus employed being that of BouUay or of Barbet ; 9 parts of 
concentrated sulphuric acid of 66° B6. (free from nitric and nitrosylsulphuric acids, 
wMch would attack the copper of the apparatus) and 5 parts of 90 per cent, alcohol free 
from fusel oil are taken. Heckmann’s apparatus for working on a small scale is shown in 
Fig. 176 : A is the alcohol reservoir which feeds the alcohol regularly through the tap, a, 
and the glass vessel, to the still, B, containing the sulphuric acid ; indirect steam under 
pressure is supplied to the coil, e. The ether continually distiUing over is condensed in 
the coil, 0, immersed in cold water, i 

The Barbet appsiM.tus (Fig, 177) is used for the production of large quantities of ether, 
and consists of a vertical cylindrical boiler. A, inside which is the steam coil, 0. The alcohol 
is introduced by the central tube, whilst another tube is used at the begmning for the 
acid and still another, of greater width, allows the ether vapour to escaj» to the saturator 
and the condense. The boiler and the eoils are of copper or of iron lined with lead. 

First of all, 3500 kilos of sulphuric acid {66° Be.) an<i 1506 kilos of 95 per cent, 
alcohol axe introduced and are heated to 130° hj means of stwn-<»il ; as the ether 
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distils alcohol is automatioaUy added in a continuous stream. To remove the acid products 
carried over by the ether, use is made of a saturator (Fig. 178), which contains a number of 

plates like a reotifyhig column and down which flows a solution of soda. 

The crude ether, distilled and condensed in the refrigerating coil, contains a httle a,lcohol, 
water, and other impurities ; to dry and purify it, it is redistilled over calcium chloride 
and then rectified in a column apparatus. Distillation over sodium wire yields a very pure 

^ The premises where the distilling apparatus is situated are usually separated by thick 
^alls from the condenser, in order to avoid the danger of fire and explosion. Borne promises 
are fitted with chaiuiels and draught-apertures for rapidly dispersmg any vapour which 
may find its way into the air. The distihed vapour is condensed in closed apparatus, 

the only outlet to which is a tube opening on the roof. ^ it. 

If the temperature of etherification exceeds 140°, the 3 deld diminishes, as a considerable 

quantity of ethylene is then 
formed: C 2 H 5 • OH = H 2 O 4- C 2 H 4 . 
On the other hand, if the tem- 
perature falls below 130°, a large 
amount of alcohol distils without 
reacting. 

The alcohol for making ether 
is denatured so as to be exempt 
from taxation, and in Germany 
animal oil (Hippel’s) is added, 
this being then fixed and decom- 
posed by the sulphuric acid. In 
Italy the alcohol is denatured with 
sulphuric acid. 

D. Annaratone (Ger. Pat. 
231,395, 1909) obtains increased 
yields of ether by passing alcohol 
vapour, superheated to 130°, into 
a column filled with pebbles, among which the sulphuric acid is circulated or sprayed ; 
for 100 kilos of ether only 180 kilos of steam are required for heating instead of 700 
kilos used in the old process. 



USES AND PRODUCTION. The amount of ether manufactured in 
Germany in 1902 was about 2000 tons, without counting that now made in 
large quantities for the production of artificial silk by the Chardonnet-Lehner 
process. 

In Italy large amounts of ether were manufactured before the artificial 
silk factories were closed ; it is protected by a Customs duty of £3 125. The 
importation into Italy has fallen to 25 quintals. In 1907, Gulinelli's distillery 
(Ferrara) alone produced 3588 quintals of ether. Owing to the crisis in the 
Italian artificial silk industry, the production had fallen considerably in 1910. 

Ether exempt from duty is sold in Germany at £4 per quintal if its sp. gr. 
is 0’722, whilst the price of the pharmacopoeia! product, sp. gr. 0*720, is £4 IO 5 . 
Taxed ether, distilled over sodium and chemically pure, costs 45. per kilo. In 
1909, ether for artificial silk manufacture cost £2 II 5 . per quintal in Belgium and 
£2 145, in Austria. 

Ether is used in small quantity as an anaesthetic, and in large quantities 
in the manufacture of collodion and artificial silk, and also as a solvent for 
numerous organic compounds in dye and perfume factories. In Ireland it 
is drunk as a liqueur — a refined form of alcoholism. 


Various chlorinated derivatives of ether are known. 

Also Ethyl Peroxide, C 2 H 5 * 0 - 0 - 02115 , is prepared by introducing ethyl groups into 
hydrogen peroxide by means of ethyl sulphate ; it is a liquid, b.pt. 65°, soluble in water 
and very readily infiammable, but is moderately stable towards chemical reagents. 

In 1901 Baeyer prepared also the Hydrate of Ethyl Peroxide, CgHgO • OH, as a colourless 





MEB.CAPTANS AND SULPHIDES 195 

liquid, which possesses strong oxidising properties, dissolves in water, boils at 95°, and 
forms barium and other salts. 

TESTS FOR ETHER. Ether containing water or alcohol has a speciiic gravity of 
0-720-0*722“0*725 or even 0*733. When 20 c.c. of ether are shaken with 5 c.c. of water, 
the latter should not exhibit an midi reaction. The presence of ozone or hydrogen peroxide 
in ether is revealed by potassium iodide solution, which turns brovai within an hour in the 
dark. If water is present, the ether imparts a green or blue colour to ignited white copper 
sulphate. 

In a mixture of alcohol and ether, Fleischer and Frank (1907) determine the proportions 
of the two components by pouring 10 c.c. into a graduated cylmder containing 5 c.c. of 
benzene and 5 c.c. of water. After shaking, the merease in volume of the water gives 
the alcohol and the increase in volume of the benzene shows the quantity of ether. 


II. THIO-ALOCOHLS AND THIO-ETHERS 

These have the same constitution as the alcohols and ethers, excepting that 
the oxygen is replaced by sulphur. They are very volatile and inflammable 
liquids, almost insoluble in water and having repulsive garlic-Hke odours ; 
in the higher members, however, the odour diminishes and the solubility in 
water vanishes, although they continue to be soluble in alcohol or ether, 

{a) THIO- ALCOHOLS (or Mercaptans or Thiols or Alkyl Sulphydrates), 
CwHaw+iSH, have lower boiling-points than the corresponding alcohols. They 
are feebly acid in character and form salts called Mercaptides, e.g, with mercuric 
oxide. They are soluble in concentrated alkali solutions. They may be 
regarded as hydrogen sulphide in which one atom of hydrogen is replaced by an 
alkyl radicle, e.^. ethanthiol or ordinary Mercaptan, C2H5SiI. As acids they 
are monobasic, and salts are formed with metallic sodium or potassium ; the 
lead salts are yellow and are obtained by the action of lead acetate in alcoholic 
solution. Nitric acid transforms the mercaptans into alhyhulphonic acids : 
CgHgSH + 30 = C^Hs-SOgH. 

With iodine, the salts of sodium, &;c., give disulphides : 

2C2H5SNa + I2 ^ 2NaI + (C2H5)2S2, 

which, with hydrogen, give mercaptans, and with nitric acid disulphoxides, 
(C2H5)2S202 ; concentrated sulphuric acid gives disulphides and is itself reduced 
to sulphur dioxide. 

(6) THIO-ETHERS (or Alkyl Sulphides), (C„H2n-hi)2S, are neutral, 
readily volatile liquids, and afford a good illustration of the variability of the 
valency of sulphur (di- to hexa-valent). 

They may be regarded as derived from hydrogen sulphide by replacement 
of the two hydrogen atoms by alkyl groups. With salts they form double 
compounds, e,g, ethyl sulphide with mercuric chloride gives (C2H5)2S, HgCl^. 
They combine with halogens, giving, for instance, (C2H5)2SBr2, whilst when 
treated with dilute nitric acid they fix an atom of oxygen, yielding, e,g, 
(02H5)2S0, ethyl sulphoxide ; with more energetic oxidising agents, a further 
oxygen atom is taken up with formation of sidphones, e,g, Diethylsulphone, 
(02H5)2S02. With hydrogen, the sulphoxides give sulphides, but the sul- 
phides are not reduced. They combine with alkyl haloids, formi n g s^phonium 
compounds, e.g, ethyl iodide and ethyl sulphide give Triethylsulphonium 
Iodide, (C2H5)3SI, which reacts Hke metaUic iodides with silver hydroxide, 
yiel ding Triethylsulphonium Hydroxide, (02H5)3S*0H. 

METHODS OF FORMATION. They are obtamed ; (1) by beating alkyl haloids 
or salts of alkylsulphuric acid with an alcoholic or aqueous solurion of pota^um sul- 
phide or hydrosulphide : C^HgBr +KBH === EBr+GgH^SH : ==* 2KBr + 
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(2) By the action of phosphoras pentasulphide, PgSs, on ethers. Mixed sulfUdes can 
also be obtained by these and various other methods. 

METHYL HYDROSULPHIDE (Methanthiol), CHg-SH, is found among the 
gases from the anaerobic decomposition of protems (for instance, in the intestines 
of animals). It is a nauseous liquid, lighter than water and boiling at 6°. 

METHYL SULPHIDE, (CH 3 ) 2 S, is a liquid, b.pt. 37°, havmg a disagreeable 
ethereal odour. 

ETHYL HYDROSULPHIDE (Ethanthiol, Ethylmercaptan, or Mercaptan), 
CgHg-SH, is a liquid, b.pt. 36°, having a repulsive odour and is used for the preparation 
of sulphonal. With sodium ethoxide in alcoholic solution it gives Sodium Mercaptide, 
CoHsSNa, in white crystals ; Mercuric Mercaptide, (C 3 H 5 S) 2 Hg, has also been obtained. 

ETHYL SULPHIDE, (C2H5)2S, IS a liquid, b.pt. 92°, insoluble in water, and forms 
a crystalline bromide (C 2 H 5 ) 2 SBr 2 . 

ETHYL DISULPHIDE (Ethanodithioethane), (C 2 H 5 ) 2 S 2 , boils at 151°, and is 
obtained by the action of iodme on mercaptan. 

ETHYL SULPHOXIDE (Ethanosulphoxyethane), (C 2 Hs) 2 SO, is a dense liquid, 
soluble in water, and readily reducible. 

ETHYLSULPHONE (Ethanosulphonethane, Diethylsulphone), (C2H5)2S02, boils 
unchanged and does not undergo reduction. 

TRIMETHYLSULPHONIUM IODIDE, (CH 3 ) 3 SI, obtained from sulphur and 
methyl iodide, forms white crystals soluble in water and with silver hydroxide gives the 
Hydroxide (CH 3 ) 3 SOH, which is an energetic base and displaces ammonia from its salts. 


III. ETHERS OF ALCOHOLS WITH INORGANIC ACIDS 

Ethers formed from an alcohol residue and an acid residue are termed 
Compound Ethers or Esters. We shall here describe those derived from mineral 
acids and shall consider organic acid esters more in detail when the acids 
themselves have been studied. The esters may be regarded as derived either 
from acids by the replacement of the acid hydrogen by an alkyl residue, as 
with the salts, or from alcohols by replacing the hydroxylic hydrogen by an 
acid radicle : 


or 




HNOg 
vOH . . 




KNO3 ‘ 

5-0(N02) 


C2H5.N0, 


C2H5.0(S03H). 


Monobasic acids form only one class of esters, viz. normal esters. 

Dibasic acids form two series of esters, normal and acid : e.g. C2H5HSO4, 
acid esters, and (C2H5)2S04, normal ester. 

Tribasic acids give three kinds of esters with constitutions analogous to 
those of the salts. 

The Normal Esters are neutral liquids of agreeable odour, moderately 
volatile and insoluble in water. 

The Acid Esters have acid reactions, are less stable, odourless, soluble in 
water, and volatile without decomposition. 

In general, these esters are decomposed by alkali or water at a high tempera- 
ture (150° to 180°), the components being regenerated ; this change is known 
as Saponification : C2H5NO3 + KOH == GaHs* OH + KNO3. 

FORMATION. (1) They are usually formed by the interaction of the 
components (absolute alcohol + acid), the water which gradually forms being 
fixed and the resulting ester distilled. With some .acids, the corresponding 
salts m presence of concentrated sulphuric acid at 100° to 130° are taken, 
so that the acid is obtained in the nascent state and the ester driven off as it is 
formed. They are more readily obtainable by saturating the mixture of 
alcohol and salt with gaseous hydrogen chloride. 

(2) From the silver salt of the acid and alkyl iodide : 

Ag^SO, + 2C2H5r = 2AgI + S04(C2H5)2, 
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(3) From the alcohol or alkoxide with the chloride of the acid : 

SOCI 2 + 2 C 0 H 5 OH == 2HC1 + 80(002^5)2 
POCI 3 + SCgHgONa = 3NaCl + 'POiOCJI^h phosphate). 

(4) By passing the vapours of the acid and alcohol together over a catalyst 
as much as 50 per cent, of the ester is obtained. 

1. ESTERS OF SULPHURIC ACID AND ALKYLSULPHURIC ACIDS. These 
are generally prepared from fuming snlphurie acid and alcohol, or from silver sulphate 
and alkyl iodide or from alcohol and sulphuryl chloride, 

SOaCIo + 2C2H5OH = 2Ha + SOgCCsHsO)^ ; 

acid esters {alhylsidphuric acids) also exist. Tertiary alcohols do not form these esters. 

Ethyl Sulphate, (C2H5]2S04, is an oily liquid with an odour of mint and a pro- 
nounced acid character ; it boils at 208° and is easily saponified, even by boiling with 
water alone. It is formed by heating ethylsulphuric acid : 

2C2H5SO4H = SO4H2 + S04(C2H5)2. 

Ethylsulphuric Acid, C2H5SO4H = (CoHsO-SOgH) , is formed as an initial product 
in the manufacture of ether (p. 192). It is soluble in water and is distinguished from 
sulphuric acid by the solubility of its calcium, strontium, barium, and lead salts. It 
gives well crystallised salts, the potassium salt being largely used for preparing ethyl 
derivatives, e.g. when it is dry -distilled with potassium bromide : 

KBr C2H5SO4K := SO4K2 + C2H5Br. 

2. DERIVATIVES OF SULPHUROUS ACID : (a) Sulphurous Esters ; (b) Sul- 
phonic Acids. 

(a) Ethyl Sulphite, S03(C2H5)2, and ethylsulphurous acid, C2B5SO3H. The latter 
is known also in the form of salts and both are readily saponified, since the sulphur is not 
directly united with carbon : CII3 • CII2 • 0 • SO2H, 

(&) Ethylsulphonic Acid, C2H5-S03H, is obtained by the reaction 

C2H5I SOgNag « Nal -{- CgHgSOsNa ; 
or by oxidising the thioalcohols : C2H5SH + 03 = O2H5-SO3H ; or thus : 

2G2H5I + AggSOg = 2AgI + (CsHslsSOs {ethyl ethyhulphonate). 

Sulphonic acid compounds are not saponifiable ; diethylsulphonic acid is saponifiable to 
the extent of one-half, since in the sulphonic acids the sulphur is united with carbon : 
CH3*CB[2'®^2*^R ? the presence of hydroxyl is shown by the fact that with PCI5 it 
forms G2H5 • SO2CI, which with hydrogen gives etJiylsulphinic acid, C2H5SHO2, the salts 
of the latter reacting with alkyl haloids to form sulpkones. 

3. ESTERS OF NITRIC ACID. These are explosive if heated rapidly and undergo 
saponification when boiled with an alkali. Tin and hydrochloric acid rediice them, giving 
Hydroxy lamine, NH2OH, the nitrogen being separated from the radicle as in saponification. 

Ethyl Nitrate : CgHgO-NOg, is a liquid boiling at 86°. 

4. ESTERS OF NITROUS ACID. These are easily obtained by passing nitrogen 
trioxide (NgOg) into the alcohols, or by treating the latter with alkali nitrites and sulphuric 
acid. They are reduced by nascent hydrogen, giving alcohol and ammonia. 

Ethyl Nitrite, CgHsO-NO, was at one time called nitric ether. Dissolved in alcohol, it 
bears the name spiritus mtheris nitrosi, and is used to modify the taste of various substances. 
It is also used for preparing diazo -compounds. 

5. NITRO-DERIVATIVES OF THE HYDROCARBONS. These ^e isomeric 
wiZh nitrous e^ers but they boil at higher temperatures than the latter and are distinguished 
from them by being non-saponifiable and by giving organic amino-compounds on reduction, 
as long as the nitrogen is not severed from the organic radical : 

COffs-NOs (nitromethane) + SHg ~ ^HgO + OHg-KHg. 

They are formed by treating alkyl iodides with silver nitrite : 

CHal + AgHOg-^ Agl + 

with the highAr macabOTS of tibe series, the nitroirs esters are formed at the same time 
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and may be separated by distillation. Of the various methods of formation, mention may 
be made of that based on the action of dilvle nitric acid, in the hot and under pressure, on 
the paraffins : 

+ HNO3 == CgHis-NOs + HgO. 

Hexane Hitrohexane 

CoficeMrated nitric acid does not give nitro -compounds "with the paraffins, but with 
aromatic hydrocarbons it reacts readily. 

The difference in constitution between nitro-derivatives, HsC^NO^, and nitrous 
esters, e.g, HgC-O-N : 0, explains their different relations as regards saponification. 

This also confirms the h^’pothetical constitution of nitrous acid, 0 : hT • OH, The 
hydrogen of the carbon atom united to nitrogen can be partially substituted by metals or 
bromine, since it has ac(3[uired acid characters — for instance, NaCH2*N02 — but the acidify- 
ing influence of the nitro -group is not extended to the hydrogens of the other carbon atoms. 

These nitroparaffins react with nitrous acid differently according as they are primary, 
secondary, or tertiary ; 

H, .N.OH 

{a) Nitroethane, CHg — Cf + NO2H = H2O -l- CH3 — 0/ i.e. cthyl- 

nitric acid, salts of which are red. 

CH3 M CH3. - 0 

(&) Secondary Nitropropane, + ISr02H = H2O -f » 

CH3/ CH3/ 

propylpseudonitrole, which forms blue salts. 

(c) Tertiary derivatives give no reaction. 

These reactions serve well to distinguish primary, secondary, and tertiary alcohols. 

Nitroethane may be used in the manufacture of explosives to lower the freezing-point of 
nitroglycerine. 

CHLOROPICRIN, CC13-N02, boils at 112°, and is formed by the simultaneous action 
of nitric acid and chlorine on various organic compounds. 

NITROFORM, CH(N02)3, and TETRANITROMETH ANE, C(N02)4, are crystaUisable 
substances which boil unchanged. R. Schenck (Ger. Pat. 211,198, 1908) has prepared 
tetranitro methane in various ways. 

6. Various esters of hyponitrous, phosphoric, boric, silicic, &c., acids are known. 

DERIVATIVES OF HYDROCYANIC ACID 
A. NITRILES. B. ISONITRILES 

These compounds are formed by the substitution of the hydrogen of hydrocyanic acid 
by an alkyl radical, but they are not true esters, as they do not give the acid and alcohol 
again on hydrolysis. 

A. NITRILES (or Alkyl Cyanides), are either liquid or solid, and have a 
pleasant, faintly garlic-like, ethereal odour. They are lighter than water, in 
which the first terms are soluble without undergoing change. They boil at 
about the same temperatures as the corresponding alcohols. 

PREPARATION. 1. They are obtained by distilling a potassium alkyl- 
sulphate with potassium cyanide or with anhydrous potassium ferrooyanide, 
or by heating the cyanide at 180 ° with methyl iodide : 

GH3I + KCOST = KI + CHg-CN (methyl cyanide or acetonitrile). 

2. Distillation of ammonium salts of monobasic acids yields amido- 
compounds which, with a dehydrating agent P2S5 or PClg), give nitriles : 

„ (a) GH3 . GOOH -h NH3 = H3O + GH3 • GO • ; 

Acetic acid Acetamide 

(b) OHsOO-NH, - HgO = CHs-ON. 

' Acetonitrile or 

Methyl cyanide 
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3. The higher nitriles are formed from the acid-amides containing one 
more carbon atom or from the primary amine containing the same number of 
carbon atoms, by treatment -with sodium hydroxide and bromine ; or from the 
aldehydes which, with hydrocyanic acid, give the nitriles of higher adds^ the 
so-called cyanohydrms or hydroxynitriles, liquid compounds easily saponified 
with regeneration of the aldehyde ; 

.0 /OH 

CHg • Of + HON = CHg • GH< . 

Acetaldehyde Ethylidenecyanohydrin 

PROPERTIES. WTien boiled with alkali or acid, or treated with 
superheated steam, nitriles give ammonia and an acid, from which products 
they can also be formed : 

{a) CHgCN + HgO = CHg-CO-NHa (acetamide) ; 

(b) CHg-CO-NHg + H^O = CHg-CO-OH + NHg. 


This reaction is of importance for the synthesis of organic acids since, 
starting from a given alcohol and transforming it into iodide and then nitrile, 
an acid of the saturated series containing an extra carbon atom is obtained. 

If the cyanide is treated with hydrogen sulphide instead of water, 
thioacetamide, CHg-CS-NHa, is obtained. With hydrochloric acid, the 
nitriles form chloramides or cMorimides, whilst with ammoniacal bases they 
give amidines (see later). Nascent hydrogen converts them into amines : 
CHg-CN + 2H2 = CHg-CHa-NHa (ethylamine). By potassium or gaseous 
hydrogen chloride the nitriles are polymerised. 

ACETONITRILE (or Methyl Cyanide), CHg-CN, is found among the 
products of distillation of beetroot molasses and of tar. It is soluble in 
water and boils at 82°. 

B. ISONITRILES (Isocyanides or Carbylamines) are colourless liquids 
which have a faint alkaline reaction and boil at rather lower temperatures than 
the corresponding nitriles. They are insoluble in water but dissolve in alcohol 
or ether. They have repellent odours and are poisonous. They are obtained 
by the interaction of alkyl iodides with silver cyanide (whilst with potassium 
cyanide the nitriles are obtained) : 

G2H5I + AgCN = Agl + OgHg-NG ; 

they are also formed by treating the primary^ amines with chloroform and 
alcoholic potash (see p. 100 ; also later under Amines). 

Although they are stable towards alkalis, the isonitriles are readily 
decomposed by water giving formic acid and the corresponding amino-base 
containing one carbon atom less than the xsonitrile : 

GHg-NO + 2H2O = H-COOH + GHg-NHg. 

Prom the nitriles they are distinguished also by the different additive 
compounds which they form with halogens, hydrogen chloride, hydrogen 
sulphide, &c. At high temperature certain isonitriles change into nitriles. 


CdNSTITUTION OF THE NITRILES AND ISONITRILES. The nitriles have the 
carbon atom of the cyanogen group attached to the alkyl radicle and when they are byd^ 
lysed only the nitrogen is removed as ammonia. Acetonitrile would hence have the 

constitution, CH3 — CfeN. . 

The isonitriles, on the other hand, readily form amino-bases with loss of an ^om ot 
carbon— that of the cyanogen group— the nitrog^ remaining i&e Methyl- 

i»x5yanide or meihyiearbyiamine would hme^ have the formula CIH.3 
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IV. NITROGENATED BASIC ALKYL COMPOUNDS (AMINES) 

If one or more of the hydrogen atoms of the ammonia molecule is replaced 
by one or more alkyl racheles, substances called Amines are formed ; these 
have a basic character, which is in some eases more marked than that of 
ammonia itseK (in the dissociation of compounds of the ammonia type, free 
anions, OH', are formed). To ammonia they present other chemical analogies. 
They have disagreeable ammoniacal odours ; with mineral acids they foi'm 
white, crystalline, deliquescent salts which are extremely soluble in water 
and have a basic nature, the nitrogen then becoming penta valent ; for the 
first members of the series the electrical conductivity is very high, higher 
indeed than that of ammonia, since N/lOO solutions are almost completely 
dissociated. 

Like ammonia, they give, with platinum chloride, crystalline platinichlorides, 
e.g. methylamine i^latinichloride, (NHg * GHg, HCl)gPtCl4 ; they also form 
double salts with gold chloride, -Calls, HCl, AuClg. They precipitate 
heavy metals from solutions of their salts, and, in excess, sometimes redissolve 
them. The first terms are gases, after which come unpleasant smelling 
liquids soluble in water. The higher members are odourless and insoluble in, 
and lighter than, water ; they are soluble in alcohol and in ether. 

The ammonia derivatives are deliquescent solids, and in their behaviour 
greatly resemble potassium hydroxide, &c. According as they contain one 
or more alkyl radicals, these bases are called primary or aminic, secondary or 
iminiCi tertiary or nitrilic, quaternary or ammoniacal. 

PROCESSES OF FORMATION, {a) By heating an alkyl halogen com- 
pound with ammonia : 

( 1 ) NHg + CwHg-^xI = HI + CmH2^4.xNH 2 ; the halogen hydracid formed 

unites with the ammonia and with the amine, converting these partly into the 
corresponding salts ; distillation with potassium hydroxide then gives : 
KI -f HgO 4 - the free base, The latter, which is partly free 

before treatment with potash, can in its turn react with a second molecule of 
the alkyl halogen compound, giving a secondary amine ; 

( 2 ) CttHgw+i'NHg + C^Hg^j+xI = HI 5 which 

can be liberated by distilling with KOH, reacts with a third molecule of 
the alkyl halogen compound, yielding a tertiary amine ; 

( 3 ) (C„H2^+x) 2NH + = (CnH2^_f,x)3N, HI. Finally, the tertiary 

base, which remains free or can be liberated, reacts with a fourth molecule 
of the halogen derivative, giving the salt of the quaternary base ; 

( 4 ) (CjjH2n+i)3N + wMch is no longer a crystalline 

ammonia base and is not decomposed by potassium hydroxide, being more 
energetic than the latter ; the hydrogen iodide formed unites with the amines 
if such are still present. When heated, the iodide of the quaternary base is 
converted back into the tertiary base and alkyl iodide, whilst with silver 
hydroxide it gives the corresponding solid alkylammonium hydroxide. In 
this general reaction, the four bases are always formed together, although more 
of one or another is obtained according to the nature of the alkyl group, the 
temperature, the duration of the reaction, and the quantity of ammonia present. 

The separation of the bases in this mixture is not easy, and when these are 
present as salts, distillation with potassium hydroxide yields the primary, 
secondary , and tertiary amines, whilst the quaternary ammonium compound 
remains unchanged. The three bases or the corresponding salts are separated 
partly by crystallisation or by fractional distillation, or, better, by means of 
dhyl oxalate^ which gives solid or liquid oxamides [e,g. solid 

mmh^x^ide, C202(NH- CHg)^ and the ethyl ester of dimethyloxaminic acid, 
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Amines can also be prepared hy the following reactions : 

(6) Bt the action of potassium hydroxide on alkyl isocyanates, e.g. efhyl 
isocyanate, C^H-NCO + 2KOH = + CgHg-IsTIIg ; 

(c) By reducing nitro-compounds, nitrites, oximes, or hydrazones with 
nascent hydrogen. 

PROPERTIES. The amines do not undergo hydrolysis and are resistant 
to the action of acids, alkalis, and, to some extent, oxidising agents. The 
hydrogen combined with the nitrogen of amines can be replaced not only by 
alkyl groups [see above), but also by acid radicals (e.g. by acetyl, CHg-CO*) 
and mixed amines with alkyl and acidic groups can also be obtained. A 
characteristic and sensitive reaction of the primary amines is that with chloro- 
form in presence of alkali, which gives rise to the unpleasant-smelling isonitriles : 
CHCI3 + CHg-NHa + 3 KOH = CHg-NC + 3 KC 1 + 3 HoO. InalcohoHc solu- 
tion the primary and secondary bases form, with carbon disulphide, deriva- 
tives of thiocarbamiiiic acid, and only when these are derived from the 
primary bases *can isothiocyanates be obtained. It is easier to distinguish 
(and separate) primary, secondary, and tertiary amines by their reactions with 
nitrous acid. When a hydrochloric acid solution of the mixture is treated 
with a concentrated solution of sodium nitrite, the primary amine yields the 
corresponding alcohol (soluble in water), with evolution of nitrogen : 

C>jH2n+l^H-2 "b NOOH = H2O -j- N2 “f* CnB[2^jf.3^0II. 

The secondary amines give oily nifrosamines, almost insoluble in water: 
(C„H2n+i)2NH 4- NOOH = I£fi + (CnB[2n+i)2^*NC) ; with feeble reducing 
agents, the nitrosamine is transformed into a hydrazine, whilst with more 
energetic reducing agents or with concentrated hydrochloric acid the secondary 
amine is regenerated, showing that the nitrous residue NO is joined to the 
iminic nitrogen and not to the carbon. The tertiary amine does not react with 
nitrous acid and is hence left unchanged in the solution, from which it can be 
obtained by distillation in presence of caustic soda. 

Finally, the three classes of amines can be distmguished by the quantities 
of methyl iodide with which they react to produce the final quaternary base 
[see preceding pa^e), with generation of greater or less quantities of ionisable 
compounds (titratable iH). 

METHYLAMINE, CHs-NHg, is found ready formed in certain plants, e.g. in the dog- 
mercury weed [Mercwrialis perennis). It is formed in the distillation of wood and occurs 
in beetroot and bone residues«and in herring brine. It is a gas like ammonia and precipitates 
various metallic salts, but, when added in excess, does not dissolve nickel and cobalt 
hydroxides ; it is more highly basic and more soluble in water than ammonia, and has a 
strong odour of ammonia and rotten fish. It becomes liquid at ~ 6° and at — 11° has the 
sp- gr. 0*699. With sodium hydroxide and bromine it gives acetamide. Its hydrochloride, 
CHg ^ crystalline, deliquescent substance extremely soluble in alcohol. With 

aluminium sulphate its sulphate forms an alum containing 24H2O. 

DIMETHYLAMINE, (CH 3 )NH, is a liquid boiling at + 7®, and is formed, together 
with acetic acid, in the distillation of wood. 

TRIMETHYLAMINE, (CH 3 ) 3 N, is a gas which liquefies at +3°, and has an intense 
odour of rotten fish. It is found in various plants (Arnica montana, shoote of the pear- 
tree, &c.), and in herring brine. It is formed by the decomposition of betaine during the 
distillation of beetroot molasses (p. 96). 

ETHYLAMINE, CgHg-NHa, is a liquid, b.pt. 4 - 19°, and smells strongly of ammonia, 
which it surpasses in basicity. It dissolves v^iy readily in water with geo«a.tion of heat. 
It dissolves aluminium hydroxide, and to a sma^ extent cupric hydroxide hut not ferric 
or cadmium hydroxide, 

BIETHYLAMINE, is a Kquid, b.pt. and does not dissolve zinc 

hydroxide. 
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TRIETHYLAMINE, (C2H5)3N, is aa oily liquid which precipitates metals from their 
salts but does not redissolve" the precipitates. It has a strongly alkaline reaction and bods 
at 89°. It is extremely soluble in cold water, but above 20° it becomes completely insoluble, 

separating from the ■water in an oily layer. 

A group of nitrogen compounds ■vrliieh may be considered as formed by the condensation 
of ammonia {lujdrazine, azoimide, Jiydroxylamine, &c.) has been already mentioned in 
Tol. i, pp. 327 and 332. The alkyl derivatives of hydroxylamine, NHg-OH, are divided 
into two groups : a-cdhylliydroxylamines, in which the alkyl replaces the hydroxy lie hydrogen 
NHg-OR, and which hence have an ether character and do not reduce Fehling’s solution ; 
and p-(iIhylIiyd 7 "oxyla 7 nt 7 ies, in which the alkyl radical replaces an amino -hydrogen and is 
therefore joined to the nitrogen, E— NH— OH ; these reduce Fehling’s solution even in the 
cold and on energetic reduction yield primary amines. 

Also the Alkylhydrazines, RNH—NHs, RaN-NKg, &c., unlike amines, reduce Fehling’s 
solution in the cold and give characteristic reactions with aldehydes and ketones. 

The Diazo- compounds of the methane series are of slight importance, whilst those of the 
aromatic series are a very important class of compomids ; the former differ from the latter 
in that the characteristic divalent nitrogen group, — N=N — , has its valencies saturated 
by 07 ily one carbon atom. Diazomethane, CH2N2, which is a yellow, poisonous gas, is 
prepared from hydroxylamine and dichloromethylamine. 

V. PHOSPHINES, ARSINES, AND ALKYL METALLIC COMPOUNDS 

Like ammonia, the hydrogen derivatives of phosphorus, arsenic, antimony, &c., give rise 
to alkyl compounds which have a very feebly basic character and a very unpleasant odour. 

1. " PHOSPHINES. These are gases or colourless liquids with repulsive odours. Their 
basic properties and their stability towards water become more marked as the number of 
alkyl groups increases. They are readily oxidisable with nitric acid, the remaining hydrogen 
atoms of the PHg being transformed into hydroxyl groups. The quaternary phosphonium 
bases are very strongly basic, and, unlike the corresponding ammonium bases, they lose 
an alkyl group in the form of a saturated hydrocarbon when heated, the residue being a 
tria Ikylpli ospkonmm oxide . 

CnHsn+iPHs {CnE2n+x)2^'B. {0nS.2n+i)s^ {CnH^n+ik'^ ‘ OR 

Primary phosplune Secondary pliosplime Tertiary phosphine Tetralkylphosphonium 

hydroxide 

Ci2H2n,-{-iPO(OH)2 (C^H2n-f-l)2P^* (C7^H2J^-f ]i)3PO 

Aikylphosphonic acid Dialkylphosphonic acid Trialkylphosphine oxide 

The primary and secondary phosphines are formed by heating phosphonium iodide 
with alkyl iodides and zinc oxide, whilst the tertiary phosphines and phosphonium deri- 
vatives are obtained from hydrogen phosphide, PHg, and alkyl halogen compounds, 

2. ARSINES. Well-known primary and secondary compounds are : methylarsenic 

GH3ASCI2 (liquid, b.pt. 135°) ; dimethylarsenic chloride, (CHg)2AsCl (b.pt. 100°) ; 
dimeihylarsine, (CH3)2AsH (b.pt. 36°) ; dimethylarsenic acid or cacodylic acid, (CH3)2AsO • OH, 
&c. The tertiary arsines are obtained by the action of sodium arsenide, AsNag, on alkyl 
iodides : 

3C2H5I +jAsNa 3 ^=[ 3 NaI + As(C2H5)3; 

they are liquids slightly soluble in water, with which they do not form bases. The 
quaternary arsonium compounds, e.g, (CH3)4AsI {tetramethylarsonium iodide), obtained 
from the tertiary arsines and alkyl iodides, are, however, very energetic and are able to 
give, with moist silver oxide,, tetramethylarsonium hydroxide. The cacodyl 

[(0H3)2 As - As(GH 3)2] 

compounds were studied by Bunsen (1837-1843), who obtained cacodyl oxide, 

(GH3)2As*O.As(GH3)2, 

by distilling arsenic trioxide with potassium acetate (this reaction serves as a delicate test 
for acetates in mixtures) ; 

AS2O3 + 40 H 3 .C 00 K=. 2CO2 + 2K2GO3 + [As(CH3)2]20. 

Wrtbt hydrochloric acid, cacodyl oxide gives cacodyl chloride, (CH3)2 AsCL 
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Many of these cacodyl compounds are liquids whieh igmte in the air and have nauseating 
odours ; the cacodyl behaves like a true electro-positive element. 

3. Various alkyl derivatives are known of antimony {stibines), horon, silicon, hismiitliy 
tin, &C.J but these are of little practical importance. 

4. ALKYLMETALLIC (Organometallic) DERIVATIVES. These are 
obtained from various metallic chlorides or from the metals themselves (Zn, 
Hg, Mg, Al, &c.) by the action of halogen derivatives of the hydrocarbons. 
They are general!}’ colourless liquids with low boiling-points, and some of 
them are violently decomx3osed by water and ignite in the air. Of importance 
for many organic sjmtheses are the zinc-alhjls {see pp. 32, 96, and 149). 

ZINC METHYL : Zn(CH3)2, is a colourless, highly refractive liquid, sp. gr. 
1*39,^ b.pt. 46°, and has an intense, repulsive odour ; it ignites in the air, 
forming zinc oxide, and with w’ater gives methane and zinc hydroxide. It is 
formed in two phases, as foUow^s, and is separated by distillation : 

{a) CH3I -f Zn = Zn(GIl3)I {zinc methyl iodide, solid) ; 

(6) 2Zn(CH3)I = Znl + Zn(CH3)2. 

G RIGN ARD ’ S REACTION . Mention has already been made of the use of this reaction 
in synthesising the saturated hydrocarbons (p. 32). One molecule of a monohalogen 
(Br or I) compound, in presence of absolute ether, combines with an atom of magnesium ; 
Mg + C2H5Br == C2H5MgBr {ethyl magnesium bromide)^ and with compounds containing 
several carbon atoms there is always formed, as a secondary product, a saturated hydro- 
carbon. The ether probably takes part in the reaction, forming an intermediate product 
C2H5.Mg.Br[(C2H5)20]. 

The latter, and also the alkyl magnesium halogen compounds, when dissolved in ether, 
are higlily reactive and form additive compounds with aldehydes, ketones, and even 
esters of mono- and poly-basic carboxylic acids ; with water these additive compounds 
then give the corresponding secondary and tertiary alcohols, the reaction occurring in the 
following two phases (R =« alkyl) : 

/O.Mgl 

B-CHO E'Mgl = R.C^R' + HgO = I-Mg-OH -f- R.CH(OH).R' 

Aldehyde Alkyl mag- Secondary 

nesium iodide alcohol 

/OMg.Br 

H.COOC2H5 -f CgH^MgBr - + C2H5.MgBr - 

Ethyl formate ‘ N0C2H5 

/OMgBr 

Br . Mg . OC2H5 + C2H5 . C^H + HgO = BrMgOH 4- C2H5 • CHCOH) - 

G2H5 Diethylcarbinol 

If esters of other monobasic acids are used instead of a formic ester, tertiary alcohols 
are obtained, whilst esters of dibasic acids give dihydric alcohols. Hence, by means of 
the Grignard reaction, the carboxylic oxygen of any acid (starting from the corresponding 
ester) is ultimately replaced by two alkyl residues. Similar behaviour is also shown by acid 
chlorides and anhydrides, which also contain carbonylic oxygen ( — CO — ). 

With nitriles, hetonimides and ketones are obtained : 

yN-Mgl 

R. ON + E'Mgl = R.Cf +H20 = 

IMgOH + R.C ( : mL)^W + H^O - NH3 -f R ^ GO- R' (ketone). 

Further, with dry CO2, alkyl magnesium compounds give organic acids : 

E'Mgl 4- CO2 - R'-OOOMg.I 4- HX « IMgX 4- R'-CX>OH(add). 

Other most varied organic syntheses have been rendered possiHe of late years by the 
Grignard reaction. 
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VI. ALDEHYDES AND KETONES, C^HanO 

The elimination of two atoms of hydrogen by means of an oxidising agent 
{e.g. potassium dichromate and dilute sulphuric acid, or sometimes even the 
oxygen of the air), from a primary or secondary alcohol yields an aldehyde or 
a ketone : R-0H,-0H + 0 = H^O + R-CHO {aldehyde), or 

R*CH(OH)R" + O = HgO + R*C0*R' {Jcetone). 

The aldehydes have a strong reducing action, as they fix oxygen and 
become converted into acids with the same numbers of carbon atoms, whilst 
the ketones resist oxidising agents, and, if these are very energetic, are 
oxidised to acids containing fewer carbon atoms than the original ketones. 


{a) ALDEHYDES 

The first members of this series are neutral liq_uids with pronounced and 
often disagreeable odours (formaldehyde is a gas) and are soluble in water, 
whilst the higher ones gradually become solid and insoluble. Their boiling- 
points are much lower than those of the corresponding alcohols. 

The aldehydes are formed when a calcium or barium salt (or even two 
salts) of a monobasic organic acid is dry distilled with calcium or barium 
formate (reducing agent) : (R'C00)2Ca + (H*C00)2Ca = 2CaG03 •+• 2R’CH0. 

They are also obtained on heating with water compounds containing two 
halogen atoms united to the same carbon atom : 

CHg'CHClg (ethylidene chloride) + H^O = 2HC1 + CHg-CHO. 


The constitution of the aldehydes can be deduced from their mothers of 

formation {e.g. the latter) and the characteristic aldehyde group is — . 

H 

PROPERTIES. They are substances of considerable and varied reac- 
tivity. With oxidising agents they are transformed into acids, and this re- 
ducing property is readily manifested in their reduction of ammoniacal silver 
nitrate solution (22 per cent, ammonia solution and 10 per cent, of dilute silver 
nitrate diluted wdth its own volume of 10 per cent, sodium hydroxide solution ; 
or 1 grm. of silver nitrate dissolved in 30 c.c. of water and dilute ammonia 
added as long as no precipitate forms) or of Fehling’s solution (the latter, how- 
ever, is not reduced by aldehydes containing as many as 8 or 9 carbon atoms). 

La their turn, the aldehydes are converted back into the primary alcohols 
when reduced with nascent hydrogen ; with PClg, they give ethylidene 
chlorides again. 

Hydrocyanic acid, ammonia, sodium hydrogen sulphite, and sometimes 
alcohol and acetic anhydride (also the alkyl magnesium halogen compounds : 
see above, Grignard’s Reaction) form characteristic additive products with the 
aldehydes : 


CH3* CHO d* OH (-f- a little HCl) = H2O -f- CH3*CH(OC2H5)2 {acetal^, 

which is an ether of the hypothetical glycol (dihydric alcohol), CHg* CH(OH)2 ; 
the latter, however, does not exist in the free state, since two hydroxyl groups 
cannot remain joined to one and the same carbon atom, excepting in the case of 
chloral hydrate {see iMer) and a very few other substances.^ 

They combine with sodium and ammonium bisulphites (very concentrated 


Table on opposite page. 
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solutions) forming crystalline bisulphite comjyounds soluble in water and 
slightly so in alcohol : 

0 /OH 

+ SOgHNa - aH/C^O-SO^Xa, 

\H '"'H 

and these compounds, w’hen heated with dUute acid or with alkali (even 
XagCOg), liberate the aldehyde again. This reaction hence renders possible 
the separation of aldehydes from other substances. 

The aldehydes combine with ammonia forming crystalline aldehyde- 
ammonias soluble in water and slightly so in alcohol but insoluble in ether, 
for example, CH 3 -CH(OH)(NH 2 ), which gives the aldehyde again when heated 
with a dilute acid. But formaldehyde, with ammonia, readily forms poly- 
merised derivatives, e.g. hexamethylenMetramine, (CH 2 )gX 4 . 

With hj^drocyanic acid they form cyanohydrins (p. 199). 

An interesting change is the aldol condensation, that is, the condensation 
of 2 mols. of an aldehyde brought about by prolonged heating with dilute 
mineral acids, dilute alkalis, or even aqueous solutions of sodium acetate. 
Possibly a molecule of water is first added to one of the aldehydes : 

.0 yOH 

CHg* G< -h H^O = CHs- CH<( 

^OH 

this hypothetical hydrate then condensing with another molecule of aldehyde, 
with separation of water and formation of a hydroxy aldehyde {aldol) : 

yOH yO yO 

CHg • CH<; + CHg • C\ = HgO + CHg - CH(OH) • CH^ • €<" 

^OH H 

{ji-hydroxybutyraldehyde). These aldols in their turn readily lose a molecule 
of water, forming an unsaturated aldehyde, which can also be obtained directly 
{aldehyde condensation) by heating the original aldehyde with a dehydrating 
agent such as zinc chloride : 

yO yO yO 

CHg* + GHg -of = HgO -f CHg- CH : CH- Cf . 

H 


DERIVATIVES OF ACETADS 


Xame 

Formula 

Boilmg“pomt 

Specific gravity 

Alkyl Beriyatives 
M ethylal ..... 
Diethylmetliylal .... 
Dipropylmetliylal 
Biisopropylmethylal , 

Biisobutylmetliylal 
Diisoamylmetliylal 

DibexylmethyM .... 
BioctylacetaJ .... 

Dimetbylacetal .... 
Diethylacetal .... 
BipropylacetaJ . . , , i 

Biisobutylacetal . 

Biisoamylacetal . . . . i 

Acid DBRivAnvES 
Metbylenediacetate . . . ; 

Etbylenediacetate 

Etbylen^propionate . . . 1 

Mbylenedibtibyxate 
t EtbylenecRisomlemte , 

CH2(0CH8); 

CH*(0CaH5)* 

CH2(0C8H,), 

CB.,iOC^-Rjh 

CHaCOCm,)* 

CHsCOCfiHiiJa + mo 

CHs(OC«Hi8)2 

CHa-CmOGsHi^H 

CHs-CHCOCHa), 

CHa-CHCOCjm)* 

CHs‘CH(OC,H,)s 

CHa-CHCOmm)* 

CHa-CH(OCsHii)s 

CHa(O.CO-CH,)s 

CH,CHCO-CO-CHa)a 

GHa-0H(0-C0-CjJl8)a 

ch,-<ib;(0-c0'0,h,)» 

aS,.0H<O*CO-G^,), 

41-3*-41-7® (749-8 mm.) 
87“ 

136“ 

118“ 

164“ 

206“ 

174“-175“ 

289“ 

63“ 

102 9“ 

147“ 

170“ 

211“ 

170“ 

169“ 

192“ 

216“ 

. ' 

0 862 (18“) 

0-834 C20“) 

0-834 (20“) 

0-831 (20“} 

0 824 (20“) 

0*835 (20“) 

0 822 (16“) 

0 848 (i5“> 

0 865(22“) 

,0-831 (20“) 

0-826 (22“) 

0-816 C^“) 

0- 835 (15°) 

1- 073 (15“) 

1-020 (15“) 

0»985 (16“> 

0-947 (15“) 
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The aldehydes, especially form-, acet-, and prop-aldehydes, See,, exhibit a 
tendency to polyTti&ris6, in the mere presence of a little hydrochloric or sulphuric 
acid, sulphur dioxide, zinc chloride, &c. Acetaldehyde, for example, gives 
two isomerides : 'paraldehyde, m.pt. 10°, b.pt. 124°, and metaldehyde, which 
sublimes at 100° ; 


SCgH^O = CHg-CH: 


0-CH(CH3) 

‘0*CH(CH3) 



These no longer react with ammonia, sodium bisulphite, silver nitrate, and 
hydroxylamme, but they yield the aldehyde again when distilled in presence 
of a small quantity of dilute sulphuric acid. 

With alkalis, even dilute alkalis, many aldehydes, especially the more simple 
ones of the fatty series, resinify, whilst some give rise to an alcohol and an acid : 

.0 

2HC-\ ^{formaldehyde) -h H 2 O = CH 3 *OH + H-CO^H {formic acid). 

With halogens the aldehydes give substitution products, and with hydrogen 
sulphide various complex products {thioaldehydes, &c.) with characteristic 
odours. 

With hydroxylamine, aldehydes form aldoximes, which are resolved into 
their components when boiled with acids, and yield nitriles when treated with 
dehydrating agents : CH 3 - CHO + NII 2 * OH = HgO -f- CHg • CH : N* OH. 

A similar action is exhibited by the hydrazines (as hydrochloride or acetate 
in acetic acid solution containing sodium acetate ; the most suitable is phenyl- 
hydrazine), which give characteristic, stable, and often crystalline compounds, 
termed Jiydrazones ; 

CHg-CHO + CgHg-NH-NHg {ethylhydrazine) = 

HgO + CHg -OH ; N-NH-GgHs {acetaldehyde ethylhydrazone) ; 

by nascent hydrogen (4H) this, is converted into 2 mols. of primary amine : 

2CH3*CH2‘NH2. 

Characteristic of the aldehydes is also the formation of crystalline semi- 
carbazones by the action of the hydrochloride of semicarbazide, NH 2 • CO • NH-NHg 
(obtained by the interaction of potassium cyanate and hydrazine hydrate) : 

R‘CHO + NH2-CO-NH-NH2 = HgO + R-CH : N-NH-CO^NHg. 

Both the hydrazones and semicarbazones serve for the separation of the 
aldehydes from other substances and for their quantitative determination. 

Etnally a characteristic quahtative reaction which is given generally by the 
aldehydes and is very sensitive is that of Schiff. It consists in shaking the 
liquid to be tested with a solution (0*02 per cent.) of fuchsine previously 
decolorised by a current of sulphur dioxide. Traces of an aldehyde produce a 
reddish violet coloration (it is uncertain if 'pure ketones also give this reaction). 

Another reaction characteristic of the aldehydes and not given by ketones 
is that with benzosulphinehydroxamic acid or with nitrohydroxylaminic acid, 

/OH 

OH-ISTO : N-OH, which forms hydroocamic acids, R-Cy the latter 

^N*OH 

producing a cherry-red coloration with ferric chloride. 

FORMALDEHYDE (or Methanal), H-CHO, is a gas which liquefies at 
— 20° to a mobile, colourless liquid having the sp. gr. 0*8153 and solidifying 
at -r 92°. It is very soluble in alcohol o;^ water, and is placed on the markefi 
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in the form of 40 per cent, aqueous solution ^ under the name of formalin or 
formal ; the commercial product often contains 12 ^to 15 per cent, of methyl 
alcohol to prevent separation of polymerised compuiiiidb. Indeed, even in 
the cold, formaldehjxle readity forms paraformaldehyde, (CH^O),, a vhite soHd 
soluble in water, or the crystalline trioxymetliylem (or metaformaldehijde), 
(CH20)3. Both of these give the aldehyde when volatilised by heat, and they 
are used thus as disinfectants under the names triformol and paraformol. 
Formaldehyde may also give rise to a mixture of saccharine -compounds 
{formose). With ammonia it gives, not an aldehyde-ammonia, but hexa- 
methylenetetraynine, CeH^oS'^, which is ciystaUine and of feebly ;monobasic 
character.^ With potassium hydioxide it does not resinify,but yields methyl 
alcohol and formic acid (p. 206). 

A question which has been under discussion for many years is the possible formation 
of formaldehyde as the first product in the natural synthesis of carbohydrates {see Sugar) 
in the leaves of plants, fi’om carbon dioxide under the influence of chlorophyll. 

Numerous sensitive reagents have been employed to detect mieroscopically the transitory 
formation of formaldehyde in livmg leaves ; but almost all these reagents are poisonous to 
plants and no decisive results have been obtained, even those of PoDacci (1907), who 
istiUed the leaves with water and tested for formaldehyde in the distillate, being doubtful. 
Schryver (1910) has succeeded in establishing the formation of aldehyde in green plants in 
sunlight, by making use of a very sensitive reagent (detecting 1 part of aldehyde per million) 
consisting of^solii^ion 'of'^^^flreSylEydfa^^ ferricyamde, and fljdrocHoric* 

^ The concentrations of commercial aqueous solutions of formaldehyde can be deduced from the specific 
gravities by means of the following table (Auerbach, 1905) : 


0 ^ IS" 

sp gr. at -p- 

Grms. of CH2O m 100 c.c. 

Grms. of CH2O in 100 grm^ 

of solution 

of solution 

10054: 

.. 2 24 

2 23 

10090 

3 50 

• » 3-4j 

1-0126 

. . 4 66 

4 60 

1-0172 

6-51 

. . 6-30 

1-0218 

8-37 

80 

1-0311 

11-08 

10 74 

1-0410 

. . 14-15 

13 59 

1-0568 

19 89 

18-82 

1-0719 

25-44 

23-73 

1-0853 

30 17 

27 80 

1-1057 

37-72 

34-11 

1-1158 

41-87 

37-53 


If the aldehyde is pure and leaves no residue, the percentage by volume, if greater than 23, should be increased 
by about 5. 

The analysis of commercial formalm is based on the foliowmg reaction of Blank and Bmkenbemer : 

2CH2O -f 2]SraOH -f HgOa = Ha + 2HaO -f 2H-C02N'a. Three grammes of the formaldehyde solution are 
poured into a long-necked flask containing 25 c.c. of 2jN'-caustic-soda solution (free from carbonates), the liquid 
being mixed and 50 c.c. of hydrogen peroxide solution (neutralised or of known acidity) carefully added, 3 minutes 
being taken to make this addition. After 7 to 8 mmutes, the excess of alkali remaining is titrated with 2IT-sulphuric 
acid. With every cubic centimetre of the 2Iir-alkali that has reacted corresponds 0*06 grm, of formaldehyde. 
Litmus purified several times with alcohol should be used as indicator. 

The estimation of the aldehyde may also be carried out with ammonia (see succeeding Note), 

Brautigam (1910) suggested determining formaldehyde by adding to it excess of clear calcium hypochlonte 
solution. After a time the solution deposits calcium carbonate, which is filtered, washed, and weighed ; 1 mol- 
of (DaCOs corresponds with 1 moL of formaldehyde. 

To determine the TnMhyl alcohol which may be present, 5 c.c. of the solution, diluted with 100 c.c, of water, 
are distilled with an excess of ammonia (about 10 c.c, of concentrated ammonia), 50 c.c. of the distillate being 
collected in a 100 c.c. flask and made up to volume with water. The methyl alcohol in 5 c.c. of this solution, 
which contains only negligible traces of formaldehyde, is determined by the lodme method (see p. 107). 

® This reaction was proposed by L. Leger m 1883 as a means of estimating formaldehyde in commercial 
solutions : 6CH2O -f 4]SrH» — (aH2)«N4-t-6H20 ; the reaction is, however, slow and the method not very accurate. 
B. Hermann (1911) has rendered it more rapid and exact in the foliowmg manner. Bour cubic centimetres of the 
formalm are weighed into a 150 c.c. flask with a ground stopper, and about 3 grms. of pure powdered ammonium 
chloride and exactly 25 e.e. of 2N-caustic soda (eqmvalent to 50 c.c. of normal soda) added. The flask is stoppered 
and shaken, and, when the mass is cool, 50 c.c. of water and 4 drops of 1 percent, methyl orange are added and the 
excess of alkali titrated with normal sulphuric acid. Beduction of the volume of acid required from 50 c.c. gives 
the volume of soda used m liberating, from the ammomum chloride, a corresponding amount of nasemtammonM., 
which instantly transforms the aldehyde into hexamethylenetetramme. The latter is, liowev^, monofoask; and 
reacts with part of the sulphuric acid, and, in order to obtain the nranbar of grammes of fonwMehyde in the 
quantity of feumalin taken, the number of cubic centimetres of soda iwrrived at above muBfc be miili|i®ed by the 
factor 0*06. K the formaira be acid initially, the acidity must be detemuaed sejgmBMy by titatioh wiria soda 
in prttence of phendiphthialein and the 50 ©.c. of soda increased accewdiu^. 
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acid ; this reagent gives a magenta-red coloration with formaldehyde or ivith the methylene 
derivative which chlorophyll would form with the aldehyde. i i , , 

MANUFACTURE. Formaldeliyde is obtained by passing a mixture oi metnyiiilcoiiol 
vapour and air over copper or platinum gauze or the finely divided metals, which act as 
catalysts (O. Blank, Ger. Pat. 228,697, 1908, obtained quantitative ^elds by using si ver 
precipitated on asbestos). The product is rectified m a column filled jvith pieces of clay. 
Ltents have been taken out for the preparation of forma,ldehyde by the oxidation of 
methane with oxide of iron, hydrogen peroxide, &c. It is also formed by the electrolysis 
of dilute methyl alcohol, and some years ago a patent was granted for its preparation by 
passmg a mixture of formic acid vapour and hydrogen through a tube containing pieces 
of metal (e.gf. lead, iron, zinc, nickel, silver, &c.), heated to 300 . 

Tonnaldehyde has considerable antiseptic power, even in aqueous solution. 
It is largely used at the present time as a disinfectant in houses and for the 
preservation of readily putrescible substances (meat, beverages, &o.). Its 
vapour has an acute and penetrating odour and imtates the eyes. On 
account of the property possessed by formaldehyde of combining with proteins 
to form insoluble and stable products, it is used in the maiinfacture from 
casein of articles of a homy consistency and in making imitation pegamoid ; 
also in preparing photographic films with gelatine, for rendering insoluble 
or hardening the coloured gelatine for textile printing, and for hastening the 
tanning of skins. 

Owing to its great reactivity, it is largely used m orgamc syntheses, e.g. in 
the manufacture of aniline dyes. 

Various soM and liquid disinfectants containing free aldehyde are prepared 
by means of soaps (soap solutions are also on the market under the names 
of lysoform and ozoform, the starting product in the case of the latter being 

sulphoricinoleio acid). _ u-ui -j-v* 

A characteristic and very sensitive reaction of formaldehyde is that 
proposed by Bimmi, according to whom a mixture of phenylhydrazine 
hydrochloride, sodium nitroprusside and caustic soda is coloured blue even 
by minimum traces of the aldehyde. 

Tormaldehyde gives Sebiff’s reaction even in presence of a certain amount 
of sulphuric acid, whilst acetaldehyde does not. 

. ■ The price of commercial 40 per cent, formaldehyde is about £4 per quintal, 
wMe pure, powdered paraldehyde costs 4s. to 5s. per kilo. 

ACETALDEHYDE (Ethanal), CHs-CHO, is a colourless, mobile liquid, sp. gr. 0-801 
(at 0°), b.pt. 21°, and solidifies at —121°. It has aa agreeable hut sufiocatmg odour, 
and it polymerises with moderate ease, giving the paraldehyde and metaldehydeiseecibove). 
It dissolves in water, alcohol, or ether, and is readily converted into acetic acid by oxidising 

agents. • 

It is prepaj?ed by pouring a mixture of 3 parts of 90 per cent, aloobol and 4 parts or 
concentrated sulpburic acid slowly mto a solution of 3 parts of potassium bicliromate in 
12 of water, tbe liquid being kept cool meanwhile. The solution is then heated in a rehux 
apparatus on a water-bath and subsequently distilled. The mixture of alcohol, aldehyde, 
and acetal thus obtained is heated to 50"" and the aldehyde vapour passed mto cold ether. 
On. passing ammonia into this solution, crystallised aldehyde-ammonia, CHg • CH(OH) • 
separates ; this, when pressed and distilled with dilute sulphuric acid, gives pure acetalde- 
hyde. The commercial aldehyde is obtained from the foreshots of alcohol distillation, from 
which it is separated hy simple fractional distillation. 

It is of importance in many organic syntheses and in the production of silver mirrors. 
The price of 50 per cent, solutions is 2^. per Mlo, that of the 95 to 99 per cent, product 
3s. and that of the purest aldehyde I5s^ 

^ esimMion of acetald^yde is based oa tbe foUowmg reaction (Seyewetz and Bardin) ; 

SjtraaSO* + aCHs’CHO + HaSO* - + (CHa-CHO, KaHS0,)a. 

aidebyde is diluted to 7 to 8 per cent, and about 10 c.c. of this solution is poured into 40 c.e. of 10 per cent. 
I^uye sodium sulphite solution. After the addition of a few drops of neutralised alcoholic phenolphtbakin solution 
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METHYLAL, H.CH(OCH3)2, and ACETAL, CH3.CH(OC2H5)2 i^see p. 2H4). 

PROP ALDEHYDE, C2H5-CH0, found among the tarry product^ from the 
distillation of wood. Valeraldeiiyde, C^Hg-CHO, boils at 92° and begins to show a dinimu- 
tion m solubihty in water. Xormal heptaldehyde (cenantaldeJiyde), CeHis'CHO, is found 
among the products of decomposition of castor oil when this is subjected to distillation hi 
a vacuum. Xonyl aldehyde, CgHi7 • CHO, occurs in the oxidation products of oleic acid or, 
better, in the decomposition products of the ozonide of oleic acid (Harries, Molinari, &e.) ; 
it boils at about 192°. 

CHLORAL (Trichloroethanal), CCl^-CHO, is the most important haio- 
genated derivative of the aldehydes. It is a dense liquid with a peculiar, 
penetrating odour and boils at 94 * 4 ^. It is prepared by passing chlorine into 
pmre alcohol (96 per cent.) for some days, the hydrochloric aeid formed being 
collected. The liquid is then heated with sulphuric aeid in a redux apparatus 
until no further evolution of hydrogen chloride occurs, the ciiloral being 
distilled and subsequently purified by rectification. Within recent times it 
has also been prepared electrolytically : the bath contains potas^ium chloride 
solution at 100^ and i^ fitted with a diaphragm ; alcohol is passed into the anode 
chamber, tvhere chlorine is formed, and the hydrogen chloride produced at the 
anode is neutralised by the potassium hydroxide formed (1 h.p.-hour yields 
qO grms. of chloral). 

Chloral gives the reactions of the aldehydes and is used in medicine as an 
anaesthetic and soporific, being first treated with water to form the crystalline 

CHLORAL HYDRATE, CCl3-CH<Qg. which is readily soluble in water 

(m.pt. 57°) ; this is one of the few compounds having two hydroxyl groups 
united to the same carbon atom. The crystalline alcoholates or Acetals, 
GCl3*CH(OH)-OC2H5 and CCl3-CH(OC2H5)2rcorresponcHng with this hydrate 
are known. 

Chloral costs about 65. per kilo. 

ALDEHYDES WITH UNSATURATED RADICALS 

ACRYLIC ALDEHYDE (Propenal, Acrolein, or Ally! Aldehyde), CHg : CH-CHO, 

is formed when fats are burned, owing to loss of water by the glycerol present ; a similar 
change takes place when glycerol is heated with potassium hy^ogen sulphate or boric 
acid. Acrolein, which can also be obtained by the oxidation of allyl alcohol, is a liquid, 
b.pt. 52*4°, and has a characteristic pungent odour. When oxidised, it yields acrylic 
acid and, when reduced, allyl alcohol. It has all the chemical properties of thealdehydts 
and polymerises in the course of a few hours. With ammonia, it gives a tolid, basic 
condensation product, soluble in water : 2C3H4O + NH3 == HgO + CgHgON {acrolet%‘ 
ammonia, which gives picoUne on distillation). Owing to its double linking, acrokin 
unites with 2 mols. of sodium bisulphite and the resultmg product, when boiled with acid, 
gives up only one bisulphite molecule, namely, that combined with the aldehyde group. 

CROTONIC ALDEHYDE, CHg-CH : CH-CHO, is obtained by distilling the corre- 
sponding aldol, CH3-CH(0H).CH2-CH0, at 140 ° or by the dehydrating action of zinc 
chloride or sodium acetate on the saturated aldehyde. It is a liquid boiling at 104° and 
possessing a penetrating odour, and its constitution is shown by the fact that it yields 
crotonic acid when oxidised with silver oxide. 

CITRAL (or Geranial), (CH3)2C : CH.CH2.CH2.C{CH3) : CH-CHO, is a liquid of 
pleasant odour, b.pt. 229°, and occurs in many essences (of mandarin, citron, lemon, orange, 
and most abundantly — 60 per cent. — in that of VerbeTta Indiana or lemon -grass, from which 
it is separated by means of its bisulphite compound). It may also be obtained by the gentle 
oxidation of the corresponding alcohol^ gerianol, which boils at 230°. It exists in two stereo- 
isomeric forms, the cis- and trans-modifications. When oxidised with pota»iim toulphate 
at 170°, citral is transformed into aymene (with a closed rifig) with se|»ration of wate. 

tlie liquid is cooled to 4® to S® and titrated witb normal sidplinri© acid until it is TWs occiro 

no furtlier <»inbimatlon of sMshyde and sulidii!UPO«i acid taSoeS jfccs. Is dot affected toy the 

presence of atoohol, or p^raWeliydo. 

U 


14 
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CITRONELLAL, (CHgjaC : CHC-Ho-CHa CH(CH 3 ) -CHa-CHO, ik louiid wtli citnil 

m citron oil and boils at 2U8°. 

PROPARGYL ALDEHYDE, CH : C CHO, is a solid, iii.pt. C0“, .uul is obtained 
from dibronioaoroleiii by n-ay of the acetal. As it contains the group CH 1 C, it forms 
metallic deriratives {see p. 91 ). 

(6) KETONES (B— CO— 

These have the carbonyl group attached to two alcohol radicals and, if 
the latter are similarj are known as simple ketones and, if different, mixed ketones » 
The first member must contain at least three carbon atoms. They present 
the same cases of isomerism as the secondary alcohols, and are metanieric with 
the aldehydes. 

Uj) to" the Cii~coiiipound the^^ are liquid and beyond that solid, but all 
are less dense than water. They resist feeble oxidation but energetic oxidising 
agents (cliehromate and dilute sulphuric acid) break the chain of the ketone 
at the carbon^d group, thus forming an acid with a lower number of carbon 
atoms: CHg-CO-CH^ + 40 = H^O + COg + CH3-C02H. In mixed ketones, 
however, the carboxyl is mainly united to the smaller alkyl radical (R or R'), 
but the acid with the higher alkyl is always formed to some extent. With 
ammonia, the action is different from that in the case of aldehydes : water is 
eliminated from 2 or 3 mols. ot ketone and di- and tfi-ketonamines (or acetona- 
mines), e,g. CeHigON, formed Further, the ketones do not polymerise, but they 
form condensation products. They do not react with ammoniacal silver 
solutions or with Fehling's solution, and are hence not reducing in character 
(difference from aldehydes). 

With ]phosphorus pentachloride they give the corresponding dichloro- 
derivatives ; for instance, acetone gives 2-dichloropropane, CHg-CClg-CHg. 

On reduction, they yield secondary alcohols, and with very energetic oxidis- 
ing reagents (HgOg, &c.), they form characteristic polymerised ketonic per- 
oxides, e,g. [(CH3)2C02]2, [(CH3)2C02]3. With ethyl orthoformate they give 
acetals, (€113)20(002^5)2, and similarly with mercaptans they form Mercaptols, 
e,g. (CIl3)2C(SC2H5)2)'^vhich,when oxidised with permanganate, gives Sulphonal, 
(CH3)2C(S02C2H5),. 

Ketones, which generally contain the group CHg-CO* form, with sodium 
bisulphite, compounds which are crystalline and hence readily separable from 
other substances : 

(0113)200 + SOsHNa = 

This compound crystallises also with 1 mol. HgO and yields acetone easily 
when heated with dilute soda solution. 

With hydrocyanic acid, ketones give the cyanohydrins or nitriles of higher 

acids : e.g. (CH3)2C<^. 

With hydrogen sulphide, but only in presence of HCl, &c., they form 
trithioketo7ieSj which on heating give simple thioketones. 

With hydroxylamiae, ketones readily form the so-called ketoximes, 
R2C ; N- OH,^ similar to aldoximes, and with phenylhydrazine they give 
phen3^1h3"drazones, just as aldehydes do : 

(CH3)200 + KH^'OH H2O + (GH3)2C : N-OH {acetoxime). 

^ Por the ^etonmes (as for the aldoximes) steieoisomerides exist as a consequence of the stereoisommsm of 
niUogen (see p, 22), which has been studied by Beckmann, V. Meyer, Auwer, H. Goldschmidt, Hantzsch and 
U enier, Minimui, Ac. Thus for aldoximes we have the two following steieoisomeric configurations : 

il — C — H 38, — C — H 

1! (si/w-aldoxime) and j] (ffnii-aldoxime), 

PT—OH on-— N 
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Under certain conditions, e.g. by the action of acetyl chloride, ketoximes 
undergo an atomic transposition by which they are converted into amides, 
substituted in the amino-group (Beckmann rearrangement), these being tauto- 
meric with the ketoximes : 

B-C-E' E*G:0 

11 - 1 

K-OH NHR'. 

The action of nitrous acid (or its esters) yields isoniirosokttonea : 

CHg-CO-CHg + = H^O -f CHs-CO-CH : N-OH. 

In presence of various reagents, e,g. hme, potash, sulphuric or hydrochloric 
acid, &c., the ketones lose water and undergo condensation (whilst aldehydes 
polymerise) ; 3 (GH 3 ) 2 CO = 2 H 2 O + Similar condensations occur 

between ketones and aldehydes. 

The FORMATION OF KETONES takes place in the dry distillation of 
Avood or of the calcium or barium salts of many organic acids or on simple 
heating of the latter or the anhydrides of the acids m presence of jihosphoras 
pentoxide ; (CHg-COa^aOa = CaCOg + CHg-CO-CHg [acetone) ; if mixed 
ketones are required, a mixture of the salts of tv o difierent acids is used. ^ Note- 
worthy also is the formation of ketones by the oxidation of secondary alcohols 
{see p. 103): CHg- CH(OH)- CH 3 + O = H 3 O -f CHs-CO-CHg. Also, with 
powdered metals (Sabatier and Senderens, p. 34), secondary alcohols give 
ketones, hydrogen being ehmmated. 

Ketones are also formed by the action of water in the hot on chlorinated 
hydrocarbons having two chlorine atoms united to the same carbon atom ; 
(CH3)2CCl2 + HgO = 2HC1 -f CHg-CO-CHg. 

Another general method of preparing ketones i^.based on the interaction 
of zinc alkyls and acid chlorides, the additive ]iroduct formed being immediately 
decomposed with water so as to avoid the formation of tertiary alcohols : 
2 CB[ 3 ;CO*Ci 4“ Zn{C 2 H 5)2 = ZnCl 2 + 2 CH 3 * CO *02115 {methyl ethyl ketone). 

Acetone is formed when acetic acid vapour is passed over a heated acetate or 
base. 

ACETONE (Propanone), CHg-CO-CHg, isfoundin small quantities in the 
human organism, where it is formed in larger amounts during certain diseases 
(diabetes, acetonuria). It is formed in considerable quantities in the dry 
distillation of wood and of other organic substances (calcium acetate, sugar, 
gum, wool-fat, &c.). It is a liquid with an ethereal odour and a characteristic 
burning taste, b.pt. 56*3°, sp. gr. 0*7921 at 18°. It sohdifies at —94° and is 
soluble in water (from which it separates on addition of soluble salts), alcohol, 
ether, and chloroform ; it dissolves fats, resins, ethereal oils, nitrocellulose, 
&c., and is readily inflammable. 

In aqueous solution rendered alkahne with sodium carbonate, it is oxidised 
with ease by potassium permanganate, and chromic acid converts it into acetic 
acid and carbon dioxide. With sodium it forms sodium )3-aUyloxide : 

CH3*C(0Na) : CH 2 . 

wiulst for ketoximes, stereoisomendes exist if ttie two alkyl radicals are different ; 

B— G—E,' E— C— E' 

11 (si/n-ketoxime) and 11 (awfz-ketoxime) 

X— OH OH— X 

Tkese isomendes are transformable one into tiie other, and in addition to their physical differences exhibit also 
chemical differences, e.p. in regard to the readiness with which they lose water (aldoxinies giYing nitriles). 

^ This reaction can be used to demonstrate the mrmal constiivtwn (absence of branching from the carbon 
chain) of acids, ketones, and hydrocarbons (paraffins), smce on distiUiiig an organic barium salt with a normal C« 
chain with barium acetate, a ketone is obtained which should also be normal, as the methyl group of the 
acetate unites with the carbonyl at the end of the chain of the acid. On oxidation, tins ketone gives a 0,, > 1 acid 
which will also be normal. Brom this are prepared the ketone and then a C„ _ , acid, so that normal products are 
always obtained (also the corresponding hydrocarbons) by this gradual descent from a high acid of which the 
constitution is known to be normal. 
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In the crude form, it is used in lac and colour factories and in a more or less 
pure state in the manufacture of iodoform. Also at the present time pure 
acetone is employed in large quantities for gelatinising smokeless powders and, 
owing to the intense burning taste it imparts, as a denaturant for spirit, from 
which it cannot be separated by distillation. 

Industrial Preparation. Calcium acetate obtained from pyroligneous acid {winch see) 
is subjected to dry distillation, the temperature bemg controlled so that it does not exceed 
300° ; the vapours evolved are rapidly cooled and condensed, giving crude acetone. In 
order to avoid snperheatmg and irregularity during the distillation, moist calcium acetate 
is sometimes employed. The acetone vapour escaping condensation is easily recovered 
by passmg it through towers down which a spray of sodium bisulphite solution falls ; this 
fixes the acetone, which can be liberated by distilling the solution in presence of an alkab. 
In France, Buisme has utilised the wash- waters of dirty wool to prepare acetone from the 
fat they contain. This process has been tried on an industrial scale at Roubaix, but as yet 
without marked success. 

The crude acetone is purified by digesting it with quicklime and then distilling it from 
sodium hydroxide and subsequently over sodium sulphite. 

Crude, impure acetone (oil of acetone) is sold at £3 8s. per quintal if dark or £4 if pale. 
Acetone for industrial purposes (85 to 90 per cent.) sells at £6, the pure product at £6 16s., 
and the chemically pure (98 to 100 per cent. ) at £7 8s. per quintal. The bisulphite compound 
is also placed on the market at £4 per qumtal (or 14s. per kilo for the chemically pure). 
In 1908 England consumed 1500 tons of acetone (worth £100,000), which was almost all 
imported from the United States. In 1910 England imported 1100 tons of acetone, of the 
value of £57,000. In 1910 Italy imported 438 hectols. of the value of £2600. 

Tests for Acetone. These are of especial importance for explosive factories, where a 
highly purified product is required. It should dissolve m water in all proportions without 
rendermg it turbid. When mixed with a little 0*1 per cent, permanganate solution it 
should retam the colour for some minutes. If acetone contains water, when mixed with 
an equal volume of light petroleum (boiling at 40° to 60°) two layers are formed ,* if no 
water is present, the liquids mix perfectly. At least 95 per cent, of it should distil between 
56° and 56*5°, and it should not redden blue litmus paper. Kiamer’s quantitative lodo- 
metric test (see p. 107) should indicate at least 98 per cent, of acetone ; Strache’s method, 
in which phenylhydrazme is employed, may also be used.^ The detection of acetone in 
other substances is effected by means of orthonitrobenzaldehyde and caustic soda, which 
convert acetone into indigo. 

MESITYL OXIDE, CHg-CO-CH : C(CHg)2, is an aromatic liquid boiling at 132°. 

PHORONE, (CH3)2C:CH.CO.CH:CMe2, forms yellow, readily fusible crystals, and 
is obtained by saturatmg acetone with hydrogen chloride. 

BUTANONE (Methyl ethyl ketone) , CH3C.O.C2H5, is a liquid, b.pt. 81°, and is 
contained in wood-spirit. 

KETENES 

These constitute a group of substances discovered by Staudmger since 1905. Athough 
they contain the ketomc group, CO, they differ markedly from the ketones m their great 
reactivity, since they are xuasaturated compounds, that is, unsaturated ketones. 

They are derived from the type : CO, which was formerly thought incapable of 
existing in the free state. The residues, R, may be either aromatic or aliphatic hydro- 
carbon radicals. AU these compounds can be derived from KETENE, CH2 : CO, which is a 
colourless gas, b,pt. —56°, m.pt. —151°, and was prepared in 1908 ; it has a disagreeable 
odour (resembling somewhat those of chlorine and acetic anhydride), is poisonous and even 
in small quantity produces intense headache. It is easily polymerised (by metallic chlorides 
or tertiary bases), yieldmg a coloured resin. It decolorises ethereal bromine solutions 

^ Stmehe’s method for the indirect estimation of compounds containing carhonyl groups {aldehydes and ketones). 
Wtien to a solution of an aldehyde or a ketone is added an excess of a phenylhydrazme solution of definite strengt.h, 
the excess of the latter which does not combine may be deduced from the amount of nitrogen liberated on 
'decomposing (oxidising) in the hot mth Fehling’s solution [a mixture in equal volumes of the following two 
solutions : {a) 69*26 grms. of air-dned copper sulphate crystals dissolved in water to I litre ; (&) 346 grms. of 
Kochelle salt dissolved in 800 c.c. of water -f- 105 grms. sodium hydroxide, the whole made up to 1 litio with 
water] : C*H 5 ]SrH-]SrH 2 + 0 = HgO -f- CoHg + N* The test is made on 0 2 to 0 6 gim. of substance (aldehyde 
•or ketone) and the details of the operation are described in Zeitschr fur analyt. Chemie, 1892, p. 573, or m Hans 
Meyer’s “ Heteimiaation of Hadicals in Carbon Compounds,” 1899, p. 65. 
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DERIVATIVES OF GLYCOL 

ni'itaiitly, and, unlike disubstituted ketenes, doeb not undergo oxidation in tlie an-. The 
most stable and best characterised of these compounds are dimetliyh, (CHsjoC : CO, and 
diphenyl-hetene, (C6H5)2C:CO; monomethyl-, CHs-CHrCO, and monoethyl-ketene, 
CaHj-CH : CO, have properties similar to those of carhon suhoxide, 0 : C : C : C : 0, and 
resemble the isocyanates in their great reactivity. The disubstituted ketenes are coloured 
and readily oxidise in the air ; tivo molecules condense mth one of a base (pmdme, qumo 
line), and they unite Tilth the C : N • group (benzylideneanilme) and Trith the C : 0 group 
(qumones), forming /3-lactams and /3-lactones. All the ketenes combine "with water, 
alcohols, or amines at the double carbon -linking, giving compounds of an acid nature. 
The monosubstituted ketenes are also called aldoketeyies and the disubstituted ones, 
ketoketenes. They are usually prepared by the action of zinc on an ethereal solution of 
acid halogen derivative with a second halogen in the a -position : 

CH3.CHBr.COBr -h Zn = ZnBro -5- CH3.CH : CO. 
a-bromopropionjl bromide 

The ketenes are easily transformed mto acids ; and those that condense (the ketoketenes) 
with unsaturated groups (ethylene and carbonyl compounds, Schiff's bases, thioketones, 
mtroso-and azo-compounds) form compounds with a closedchain of four or sixcarbon atoms, 
these being resolved into two unsaturated compounds when heated. The aldoketeiies 
undergo polymerisation more readily, giving derivatives of cyclobutane which decompose 
on lieatmg. 


B. DERIVATIVES OF POLYHYDRIC ALCOHOLS 

The ethers of polyhydric alcohols are generally prepared by the methods used for ethers 
of the monohvdric alcohols and have many properties in common with these. 

ETHYL ETHER OF GLYCOL, OH-CoH^-OCsHs, boils at 127= and the DIETHYL 
ETHER, C2H4(0C2H5)2, at 123=. Of the esters of glycol, the mono- and di-acetates, 
C2H4(0C2H30)2, which are liquids soluble in water, are well known. Glycolchlorohydrin 
or Monochloroethyl Alcohol, 0H*CH2.CH2*C1, boils at 130=, is soluble m water and 
is prepared by passing hydrogen chloride into hot glycol. GLYCOLSULPHURIC ACID, 
OH C2H4.O.SO3H, IS the sulphuric ester of glycol. Glycol Dinitrate, C2H4(N03)2, is 
a yellowish liquid insoluble in water and explode son heating ; it is prepared by treating 
glycol with nitric-sulphuric mixture {see later, Nitroglycerine). It is readily hydrolysed 
by alkali. 

ETHYLENECYANOHYDRIN, CHg : C : N-CH^.OH, is isomeric with Ethyl- 
idenecyanohydrin, CH3.CH(OH) -CN. Ethylene Cyanide, C2H4(CN)2, obtained bj^ the 
action of potassium cyanide on ethylene bromide, forms a crystalline mass ; on hydrolysis 
it gives Succinic Acid, CoH4(C00H)o. 

ETHYLENE OXIDE^ CHg-O-CHa, isomeric with acetaldehyde, is a liquid Trith an 
ethereal odour, sp. gr. 0-898 (at 0°), b.pt. 12*5°; although neutral in its reaction it 
precipitates certain metallic hydroxides from solutions of their salts. It is formed on 
distilling glycolchlorohydrin with potash. It reacts readily and dissolves in water mth 
gradual formation of glycol. 

The following compounds are also known : Ethylene 2 Ionothiohydrate,Q^ 4 i^(yK) SH ; 
Glycol Mercaptan (Ethan~l : 2 -dithioT),Q^^{^'K)^; Dithioglycol Chloride, (C2H40)2S , which 
is a very poisonous liquid. Hydroxymethylsulphonic Acid, CH2(S03H).0H, is solid and is 
obtained fr(yn methyl alcohol and fuming sulphuric acid. Methylenedisulphonic (or 
Methionic) Acid, GH2(S03H)2, is formed from acetylene and fuming sulphuric acid, by way 
of Acetaldehydedisiilphonic Acid, CH0.CH(S03H)2. which with lime gives formic acid and 
methionic acid ; the latter is isomeric with ethylsulphuric acid, but cannot be hydrolysed. 
HydroxyetJiylsulphonic Acid, OH-0H2*C‘H2-SO3H {Isethionic Acid), is a crystalline mass 
formed by treating ethyl alcohol with sulphur trioxide ; ethylene with SO3 gives Carhyl 
Sulphate, C2H4(S03)2, which forms sulphuric and isethionic acids with water. 

Glycol forms also two amines: Hydroxy ethylamine, OH.C2H4.NH2 (primary mono- 
valent base, or Hydroxyalkyl Base, or Hydramine), and Ethylenediamine, C2H4(NH2)2 
(primary divalent base). These may also be regarded as derived from one or two molecules 
of ammonia, in wliich all or part of the hydrogen is substituted by the hydroxyethyl group, 
.CoH 4*0H, or bv ethvlene, C^>H4<;. Thus, such compounds as the following are known : 
NH2-C6H4.0H;‘ (NH2)2C2H4; NH(02H4-0H)2, Dthydroxydieikylamine ; N(C2H4-OH)3, 
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TnhjdroxyfrietJiylamine; N"2(C2H4)3, Triethylenediamine ; 

and finally quaternary bases containing alkyl groups, e.g. Choline (or Bilineurine), 
(003)3 : 0 (-OH) CoH^'-OH, or Hydroxy ethyltrimethylammoni'um Hydroxide, -which is 
obtained from trimetliylamine and ethylene oxide and is found in the bile, in egg-yolk, 
and in the brain in the form of lecithin {see later) ; it is not poisonous, but when oxidised 
with nitric acid yields Muscarine, 00(00)2 *002 *^(^^3)3*^^’ which has a distinct 
poisonous action. On putrefaction, choline gives neurine (or Trimethylvinylammoniuni 
hydroxide), N'(C03)3(C203)-O0, which is also poisonous. Many of these com- 
pounds are formed in putrefying proteins and in dead bodies, and are called 
ptomaines. 

These bases are prepared by the same methods as the monovalent bases (p. 200 ), the 
primary diamines, for example, being obtained by reducing the nitriles, C7202n(ON)2, in 
hot alcoholic solution by means of sodium or from ethylene bromide and alcoholic ammonia 
at 100 ®. They are liquid or solid substances and have certain of the characters of ammonia. 
Pentamethylenediamine or Cadaverine, 002 * ^^02 • 000 • 002 002 • 002 • 002 ? boils at 179 ° 
and, being a c-diamine, can form Piperidine, O50ii0, with separation of ammonia. 

00 

Diethylenediamine or Piperazine, O204<C]yjj!!!^^2®^4’ melts at 104 ® and boils at 146 ®. 

Tetrameiliylenediamine is called also Putrescine, 

TAURINE (Aminoethylsulphonic Acid), 002-002 • 002 * 8030 , is found in com- 
bination with cholic acid (as Taurocholic Acid) in the bile of various animals and also 
in the lungs and kidneys. It forms monoclinic prisms soluble in hot water but insoluble 
in alcohol, and has a neutral reaction, the basic and acid groups neutralising one another. 
It is not hydrolysable. 

Of the derivatives of Glycerol, the Chlorhydrins or esters of hydrochloric acid arc of 
interest ; they are liquids soluble in alcohol or ether, and, to a less extent, in water. With 
hydrochloric acid, glycerol forms the MonocMorhydrin, 0305(00)201, of which two 
isomerides {a- and ft-) are known, and the Dichlorhydrin, 0306(00)012? also existing in 
two isomeric forms. Either of these, when treated with PCls, gives the trichloro- 
derivative, OsRsOls-^ At the present time interest attaches also to the formins and acetins, 
which are used in the manufacture of non-congealing explosives. ^ 

GLYCIDE ALCOHOL, CHo-C 0 -CHo-OH, is a liquid, b.pt. 162 ®, soluble in alcohol 

\o/ 

or ether, and also in water, with which it gives glycerol again ; with hydrochloric acid 
it gives the ehlorhydrin. It may be regarded as derived from glycerol by the removal of 
a molecule of water, and is prepared by the separation of 0 C 1 from the a-monochlorhydrin 
by means of baryta. It is isomeric with propionic acid and reduces ammoniacal silver 
solution. Separation of hydrogen chloride from the dichlorhydrin yields Epichlorhydrm, 
C 0 O — C- 000 ^ 01 , which may be regarded as the hvdrochloric ester of glycide alcohol. 

^ 0 / 

It boils at 117 °, has an odour like that of chloroform and is insoluble in water. It is 
isomeric mth propionvl chloride and monochloroacetone. 

GLYCEROPHOSPHORIC ACID, OH.CH2-CH(OH).CH2-O.PO(OH)2, is optically 
active, as also are its calcium and barium salts (Isevo -rotatory). It is interesting from the 
fact that when the hydroxyl-groups are esterified wnth palmitic, stearic, or oloic acid, and 

^ According to Ger, Pat. 180,668, the monochlorhydrin is made hy heating for 15 hours in an autoclave at 
120® a mixture of 100 parts of glycerol with 150 parts of hydrochloric acid (sp. gr. 1 186). The -^ater is distilled 
off and the residue subjected to fractional distillation in a vacuum (15 mm pressure) ; after the acid and water 
ha’re been eliminated, the monochlorhydrin distils over at 130® to 150®, and the unaltei ed glycerine at 165® to 180®. 
If it is to be nitrated and used for explosives, it is sutaeient to get rid of the water and acid. According to Fr. Pat. 
370,224, the monochlorhydrin may also be obtained by shaking glycerine with the calculated quantity of 
sulphur chloride at a temperature of 40® to 50° ; the water formed is distilled off in a vacuum at 60® to 70® The 
CH2C!1 *CB[(OH)*CHo*OH, is obtained (according to Fr. Pat. 352,750) bypassing hydrogen 
Chloride into glyeerine'heated to 70® to 100°. 

Like glycerine itself, the chlorhydrins are easily nitrated, yielding non-congealing explosives (.<rce later). 

® Monoacetin, CsHsCO H) 2 f 0 • COCH 3 ), is obtained by heating for 10 to 15 hours at 100° a mixture of 10 parts 
of glycerol with 1 5 parts of 40 to 100 per cent, acetic acid, the weak acetic acid (25 to 80 per cent ) that distils 
over being condensed separately. Ten parts of 70 per cent, acetic acid are then added and the weak acid — up 
to 40 per cent., which distils at 120° — collected apart. After this the temperature is raised m 3 hours to 250°, 
the weak acid still being kept separate. The crude monoacetin remaining contains about 44 per cent, of combined 
acetic acid and about 0-8 per cent, of the free acid. This acetin is soluble in water and serves well for the manu- 
facture of explosive and non-congealing nitroacetins (see Explosives) and for gelatinising the nitrocellulose 
of smokeless powders (Vender Ger. Pat 226,422, 1906), 
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the phosphoric le^idue united to choline, it Laves ii.se to the important maip f>f 
winch are optically active : 

OR.CHo CH(OP/) CH2.0.P0(0H).0.CH2.CHo‘X(CH3)..0H, 
where P and R' are fatty acid residues. 

Lecithins are found in the brain, yolks of eggs, and many seeds and are soluble iii 
alcohol, and, to a less degree, in ether ; they give salts with acids and with bases and yield 
solid compounds with chloroplatinic acid or cadmium chloride. They are saponifiecrby 
baryta, with formation of choline, fatty acid<, and glycerophosphoric acid. 

Of th.e 7iitriG esters of glycerine, the most important is trinitroglycerine, 
or trinitroglyceric ester. C.3H.(OX02)o, which is one of the most powerful 
explosives. We shall hence study it from the industrial standpoint, first dis- 
cussing certain general notions concerning explosives. The manufacture of the 
latter constitutes one of the most interesting industries of organic chemistry, 
partly because of the varied mechanical appliances which it requires. 

EXPLOSIVE SUBSTANCES 

The name explosive substances, or explosives, is given, in general, to those 
soKd and liquid bodies which, under the influence of heat, percussion, 
electrical discharge, &c., are transformed instantaneously and completely — 
or nearly so — into a gaseous mass with an enormously increased temperature. 

If the reaction takes place in a closed space, the gases thus produced and 
heated exert a very considerable pressure which can be immediately trans- 
formed into mechanical work, the enclosing substance and all the surround- 
ing objects being shattered with great violence and noise. Such a phenomenon 
(or effect) constitutes a so-called explosion, and if it attains very" great rapidity^ 
and power it is termed a detonation. For a constant quantity- of gas produced 
in an explosion, the effect v'ill be the greater the higher the temperature 
developed in the reaction. 

THEORY OF EXPLOSIVES. The chemical reactions and physical phenomena 
of explosives are produced under conditions differing greatly from those in which physical 
and chemical properties of substances are usually studied. The pressures, temperatures, 
and velocities vdth which we have to deal m ordinary phenomena are of a very^ different 
order from that of the enormous pressures of the gases in the interior of the earth’s crust, 
which are measured in hundreds of thousands or millions of atmospheres. So also the 
temperatures in various stars, e.g. in the sun, reach thousands of degrees, and the velocities 
of the planets hundreds of kilometres per second. The phenomena now to be considered, 
although they do not attain these enormous magnitudes, stiff do approach them. Indeed, 
explosions give pressures of tens of thousands of atmospheres, temperatures of thousands 
of degrees, and velocities (of projectiles) of thousands of metres per second. 

Almost all explosive substances contain oxygen (furnished by chlorates, nitrates, &c.), 
only very few, such as nitrogen chloride and iodide, and aniline fulminate, being without 
it. Mxtures of oxidising agents with readily combustible substances (sulphur, carbon, 
sugar, &e.) are explosive, but they are less powerful than those composed of single com- 
pounds which explode b,y themselves. This is because the elements necessary for complete 
combustion are in much greater proximity, being present in the molecule of the explosive 
itself ; examples of such explosives are nitroglycerine, guncotton, mercury fulminate, 
picric acid, &c. 

The determination of the theoretical power of an explosive requires a knowledge of : 
(a) the chemical reaction accompanying the explosion, so that the heat of the reaction, 
the temperature, and the volume and relative pressure of the gases formed can be deduced ; 
(h) the velocity of the r€ad.ion. In order to understand the theory of explosives, it is indis- 
pensable to call to mind the fundamental principles of thermochemistry and of thermo- 
dynamics, for which the reader is referred to the brief account given in voL i, pp. 49 
and 57. 
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(a) Tlif‘ rhemieal rmrtion dednced from the differonce in composition between the 
explosire and the products resnltinc from the explosion. When there is sufficient oxygen 
in the explosiTC to produce complete combustion, the nature and quantities of the gases 
can be caleiilatecl a priori, and from their heats of formation their temperature can be 
deduced. The total combustion of nitrogtyeerine, when exploded in a closed space, gives 
the following product^ (n) : 2C3Hs(N03)3 == 6CO2 + SHoO + 3^2 + 0. 

When there is deficiency of oxygen, as m guncotton and other substances, it is not easy 
to foretell tlu^ products of tiie reaction, as these vary with the conditions in which the explo- 
sion occurs, and usually several reactions take place simultaneously. Further the gases 
found after the explosion of such products are probably not always those formed at the 
instant of the explosion, as at such high temperatures certain substances (HgO, COg, &c.) 
niav und(‘rgo dis''Ociation with absorption of heat.^ 

\h) The heat dpreloppd in the erphsion is deduced by calculation from the thermo- 
chemical data of the equation, but the practical result is not in accord with the theoretical 
calculation, since pait of the heat (25 to 30 per cent.) that should theoretically be developed 
is transformed into mechanical work, which is what is utilised m practice. In calculating 
theoretically the heat of exploe^ion, the heat of formation of the explosive (from the elements) 
is subtracted from the heat that should theoretically be developed in the reaction. The 
heat of explosion vanes, however, according as it is determined at constant voliiTne or 
Sut constant p}pssi(rp ; in the latter case the explosion of nitrogljwcrine, for example, is 
effected in the open air, since then the volume varies, but the pressure is only that of 
the atmosphere. 

The heat cf formation of nitroglycerine from its elements {see p. 25) is given hy the 
following equation (b) : C3 + H5 + N 3 4- O9 — OsHsiNOsJs + 98 Cals. 

The lieat of reaction of nitroglycerine can be calculated from equation (a) given 
above, from which it is seen that 2 inols. or 454 grms. of nitroglycerine yield 
CCO. + 5H2O -f 3Xo 4- 0. The heat of formation of 6CO2 is 6 x 97 == 582 Cals., 
aiKrthat of oHoO/o x 68-5 - 342-5 Cals. For the nitrogen and oxygen there is no 
development of heat since thev are not combined, so that the total heat of reaction 
calculated on the gases formed 111 the explosion of 2 grm.-mols. of nitroglycerine will 
be 924-5 (i.e 582 + 342 0) Cals. From this must he subtracted the heat of formation 
from the elements of 2 mols. of nitroglycerine, since on decomposing under these 
conditions of temperature th«^ explosive first of all liberates its atoms, absorbing as 
much heat as is evolved in its formation from its elements (reaction h), i.e. 196 (98 x 2) 
Cals, per 2 mols. The atoms thus liberated combine immediately to give the gases 
which result from the explosion, the heat of formation of which has already been 
calculated. 

The true theoretical heat of explosion at constant pressure for 464 grms. of nitroglycerine 
will hence be 728-6 {i.e. 924-5 — 196) Cals., or for a kilo, 1603 Cals. The heat of reaction 
at constant volume — the explos-oii occurring in a closed vessel — is rather higher, the 
heat corresponding with the expansion of the gas {see vol. 1, pp. 26 and 50) not being 
absorbed as no expansion takes place ; theoretically the heat at constant volume is calcu- 
lated to be 1621 Cals, per Idlo.^ Serrau and Vicille, by direct practical measurements, 
found the heat of explosion of nitroglycerine at constant volume to bo 1600 Cals., which 
confirms the accuracy of the calculation. 

With substances which themselves contain sufficient oxygen for complete combustion 

The following Table gives the percentage compositions of the gases resulting from the normal explosion of 
t-arions explosives in the caloiimetiic bomb : 



CO 

CO 2 

O 2 

CH, 

Ha 

Nz 

Nitrocellulose powder 

46 87 

16 8 

0 08 

1*26 

20 44 

14 9 

Gelatine dynamites. 

34 0 

32 68 

— 

0 75 

10 0 

21 0 

Carbonite 

36 0 

19 2 

, — 

28 

27 6 

14 4 

Picric acid 

61 05 

3*46 

0 34 

1*02 

1318 

21 1 

Trinitiofoluen*^ 

57 01 

1*93 

0 11 

— 

20 45 

18 12 


® For every giamme-molecnle of a substance passing from the solid or liquid to the gaseous state, owing to 
the new volume occupied, 590 small calories (vol. i, pp 26 and 50) are absorbed. In the explosion of 2 mols 
of nitroglveci me, 14*5 mols of gas ( 6 CO 2 -f SHgO 4- SITa 4 - 0) arc foimed, and these, on expanding, will 
absorb 14*5 '’C 590 = 8550 small caloiies, or 8 5 Cals, per 454 grms of nitroglycerine, ? e 18 Cals per kilo 
This, added to 1603, the heat of reaction at constant pressure, gives 1621 Cals as the heat of reaction at constant 
volume. 
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ENERGY OF EXPLOSION 

during explosion, it is not easy to calculate theoretically the heat of explosion, since the 
products of the reaction arc not exactly known ; in such cases, various direct practical 
determinations must be made. 

It IS not easy to calculate theoretically the temperature of the gases at the moment of 
explosion, since the specific heat of the gases at such high temperatures cannot be deter- 
mined, but is certainly rather higher than the ordinary value. Further, at such tem- 
peratures dissociation phenomena occur which cannot be defined ; these, however, lower 
the temperature, although not greatly, since with the great pressures developed the disso- 
ciation is minimal. On the other hand, with the means we possess, it is not possible to 
measure these temperatures directly and only approximately can they be determined 
for black powder. In general, however, they are very high and in some cases exceed 4000° 
(for instance, by burning ballistite in the air, platinum withni.pt. 1800° is easily melted), 
but even these temperatures, deduced indirectly, are much lower than those calculated 
theoretically. 1 

The temperature of ignition does not usually coincide with the temperature of explosion 
since explosion is caused not so much by the temperature as by the pressure and other 
factors to be considered later ; so that for explosion to occur, special conditions (detonators) 
are necessary. But for some substances, e.g, black powder, non -compressed guncotton, &c., 
the temperature of ignition, given in the following Table, is identical or almost so with that 
of explosion : 

Fulminate of mercury . . , 200° 

Non-compressed guncotton 220° to 250° 

Nitroglycerine . . . .218° (explodes at 240° to 250°) 

Black powder .... 288° 

There are thus explosives which explode when merely ignited with a match and others 
which are exploded indirectly by means of detonators. 

The mecTia 7 ucal work, in kilogram -metres, yielded by an explosive is calculated by 
multiplying the number of calories developed in the explosion of 1 kilo of the substance 
by the mechanical equivalent of heat (= 425, see vol. i, pp. 50 and 51). For various 
explosives this mechanical work (or potential energy) is given in the following Table : 


Nitroglycerine 

(1 kilo) = 1600 Cals, x 426 

== 680,000 kilogram -metres 

Explosive gelatine . 

= 1630 

= 650,000 

99 

Dynamite 

. = 1178 

= 500,000 

5J 

Guncotton 

. = 1074 

= 456,000 

99 

Fine sporting powder 

. = 849 

= 360,000 

99 

Potassium picrato 

= 780 

= 330,000 

99 

Fulminate of mercury 

= 403 

= 170,000 

99 

Nitrogen chloride . 

. = 339 

== 144,000 

99 

Owing to various causes. 

the total theoretical energy of explosives 

cannot be utilised 


practically ; e.g. the expansion of the gases at the moment the projectile leaves the cannon 
or gun, the friction, the heating of the barrel, &c., all constitute losses of the useful effect 
of the explosive. 

The volume of the gases formed in the explosion can be calculated with reference to 0° 
and 760 mm., taking account of the fact that at the moment of explosion the water is 
m the state of vapour. But in practice it is of more importance to calculate the volume 
at the temperature of explosion, when a knowledge of the gases formed is possible, as is 
the case with nitroglycerine, and, in general, with explosives containing sufficient oxygen 

^ Indeed, water- vapour, formed from H 2 + O, should have theoretically a temperature of 7927 Calcula- 
tion, vol. i, p 378), hut in the most favourable theoretical conditions the oxy-hydrogen flame does not exceed 
2500®. Por carbon dioxide the heat of formation is 97,000 cals , and the specific heat 0-217, so that for 44 grms. 

of CO 2 gas (grm.-mol ) the temperature attainable would be ^ = 10,160®, and allowing for the fact 

that along with the 6 mols of CO 2 and 5 of HgO, the 3 mols ot Kj and half a mol of oxygen formed m the explo- 
sion of nitroglycerine are also to be heated the theoretical temperature of the gases from the explosion would 

u 

bo about 7000® This theoretical temperature is determined in general by the formula t = 

wheie p, p', p" are the weights of the gases formed in the explosion, s, s\ s" . . their specific heats, and 

C the total heat in caloriesj 
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for tlieir complete combustion. It is, hoTrever, not easy to calculate the volume ot 
formecl by products containing an insufficiency of oxygen, like guncotton, &c., with which 
the gases vary quantitatiTely and cpiahtatively according to the type of explosion ; in such 
cases the volume must be determined directly. 

The volume of gases is calculated (see vol. i, p. 34) by means of the general formula, 

7^(1 + 0-003670 
yf- p 


where 7^ is the required volume at the temperature of explosion t, 7^ is the volume at 0° 
and 760 inm. pressure (which can be found from the weight of the gases formed), and 
0-U0367 IS the coefficient of expansion for all gases. For such high temperatures and 
pressures, however, the coefficient of expansion is rather higher than that resulting from 
Gay-Lussac’s and Boyle’s laws, hut this difference is compensated for by the somewhat 
higher specific heat of the gas at high temperatures, in consequence of which more than 
the theoretical quantity of heat is absorbed. 

The pressure of the gas is deduced from the general formula given above, 7^ being 
diminished by the volume of the mineral, iion-gasifiable residue (in the case of dynamite 
or other mixtures), so that : 

7^ (1 + 0-00367 t) 


with nitroglycerine, guncotton, &c., v — 0> -P is the maximum theoretical force of an 
explosive, starting from its volume (solid) at the ordinary temperature, but the effect of 
a given explosive vill he the greater as its density increases, that is, the greater the weight 
for the same volume ; and for guncotton, for example, the effect will be the greater for 
the same volume, the more it is compressed. Thus the relative specific gravities of 
different explosives are of importance, and in fact fulminate of mercury, which has a high 
specific gravity (five times that of ordinary powder and three times that of nitroglycerine), 
has a maximum rapidity of reaction and is the most powerful detonator, being capable of 
exerting a force of about 27,000 kilos per square centimetre (atmospheres), this being 
about treble that given by any other known explosive. 

In practice, pressures higher than any imaginable may be attained when the volume 
occupied by a given weight of explosive in a closed vessel is less than the critical volume of 
the gas developed, since this critical volume (vol. i, p. 28) cannot ho diminished by any 
pressure, however great. If we term charging density the ratio between the weight of the 
explosive in grammes and the volume in cubic centimetres occupied by it in absolutely 
filling its envelope (as though it were liquid or fused), this charging densit}^ corresponds 
with the specific gravity of the explosive ; if this density equals or exceeds the 


reciprocal of the limiting volume 



into which the gases developed (critical volume) 


can be compressed, the pressure attained will be infinitely great and will rupture any 
enclosing vessel, no matter how- resistant it may be. The reciprocal of the critical volume 
of the gases produced in the explosion is termed the critical specific volume (or limitmg 
density)^ and comparison of this with the density of charge leads to consequences of practical 
importance. 


'Black powder . 

Uiraiting density 
of the gases 

. 2-05 

Specific gicivity of 
the explosive 

1-75 

hTitroglycerine . 

. 1-40 

1-60 

Powdered guncotton . 

. 1-16 

1*20 

Picric acid 

. M4 

1-80 

Fulminate of mercury 

, 3-18 

4-42 


Thus, black powder has a charging density (or specific gravity) of 1-75 to 1 82, which 
does not reach the limiting density, so that even if it is exploded in its own volume it does 
not break the envelope if the latter is strong enough to withstand the pressure developed, 
namely, about 29,000 kilos per square centimetre. For granular powder, the density of 
which is 1, the pressure is only 6000 kilos. The real density (specific gravity) of compressed 
guncotton is 1*2, that of nitroglycerine 1-6, and that of picric acid 1-8, ail of these being 
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superior to the limiting densities of the corresponding ga^es ; so that when they explode 
in their own volume, all of tiie'^e explosives burst the most resistant envelope, and, in such 
cases, the velocity of the explosive ivni'e becomes infinitely great. Fulminate of mercurVy 
although it has the high limiting density 3*18 (oTrins to the low critical volume, r), has a 
specific grawity of 4*42 (to whieli the clensity of charge ap]»rox^mates) and behaves like 
nitroglycerine, &e. 

As it is difficult to calculate a priori the pressures exerted by explosives, it is preferable 
to determine them relatively by measuring certain efiects of the gases at the in.stant of 
explosion ; this is done, for instance, by observing the crushing or deformation of small 
cylinders of copper or lead, which are termed cr^isliers (Fig. 179). 

The total pressure depends on the character of the explosive and on the nature of the 
explosion {see late?*)^ but more especially on the den''ity of charge. 

The specific pressure of an explosive is a constant (cr). eiven by the ratio of the pressure 

(p) to the corresponding deiivsity of charge {d) of the explosive it'-elf : u = ^ . This specific 

pressure a is characteristic of any explosive and expresses tlie pressure developed hrj wnit 
weight (1 gnu.) of an explosive in unit volume. The specific pressure is not always the 
maximum pressure that can be exerted, this dependinsr, 
as we have seen, on the charging density in its relation 
to the critical volume. 

Velocity of reaction. The duration of the explosion is 
of great importance, since on it depends the greater or Fig. 179. 

less utility of the explosive for different purposes. The 

more rapid the explosion the better is the heat developed utilised, so that this can be 
used almost entirely in heating and expanding the gases and so increasing the pressure 
considerably. If, however, the reaction is slow, a large portion of the heat is dissipated 
by radiation and conduction. 

Explosives with an extremely rapid reaction produce special effects, as they shatter 
the envelope or rock in immediate contact with the explosive into minute fragments — 
an effect often not desired. These are termed shattering or detonating explosives and their 
properties are utilised in certain cases, as, for example, where a small cavity is to be made 
in a rock so that a large quantity of a progressive explosive may bo subsequently introduced. 

If the reaction, although rapid, is not instantaneous, the explosion produces other 
effects, for instance, the cleaving of large stones or rocks and the projection of fragments 
nearer to the explosive ; this progressive or rending action is the effect usually desired 
by miners. 

According as the gasification takes place more or less instantaneously (and the one or 
the other effect can be obtained with the same substance by adding inert materials to, say, 
dynamite, or mixing paraffin with guncotton), explosives are more or less shattering. 
Thus, panelastite is more shattering than guncotton, the latter more than dynamite, 
and this more than smokeless powder, which is a progressive explosive. 

Many substances explode only with detonators (of fulminate of mercury’) and the 
cause of the explosion in such cases is not only the high temperature produced by the 
explosion of the detonator, but more especially the great immediate pressure resulting 
from the instantaneous production of gas, this pressure and the sudden shock provoking 
the decomposition of the molecules of the explosive (Berthelot, Abel, Tieille). The 
duration of explosion or of gasification of the detonator is 500 times less than that of the 
explosive material, and the greater relative amount of heat developed in a certain time by 
detonators explains their greater shattering power compared with that of progressive 
explosives. The most highly shattering materials are : fulminate of mercury, panelastite, 
compressed guncotton, and nitroglycerine. The duration of reaction for detonators 
is only about of a second, the extraordinary effect of these explosives being due to 

the enormous amount of energy developed (1600 Cals, for nitroglycerine) in this short time 
and in the small space containing them.i 

^ The vdoctiy of comlnisiinn (or of ieflagratiori) is sharply Oi&tmjEEiiished from the Telocity of the explosive 
reaction and is made use of it in certain cases, e.g. in the throwing of projectiles (expansive and progressive action)} 
The velocity of combustion of explosives depends on, and increases with increase of, the preBsme at which they 
decompose. Another factor inflnenemg the mode of combustion of explosives is the maximum volocity with 
which the pressure develops. 

The expomttt of the power of the prmmre, which admits of passing from one value to the other in the increase 
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As lias boeii already stated, tlic ^battering effect of a substance is rcndorecl evident ]>y 
exploding a grammes of it on a cylinder of metal (crusher) and the actions of dilfercnt 
explosives are compared by nieeais of these deformed and disfigured crushers. Fig. 1 80 A 
shows a leaden cylinder before the explosion, whilst A shows the same cylinder after 10 gims, 
of d3niainite (a progressive explosive) have been exploded on it and G the result of the 
explosion of 10 grms. of panclastite (from mtrotolucne). 

One and the same explosive substance may bo made to give either a shattering or a 
progressive effect by varying the velocity of the reaction, this usually deprncbng on Ibt^ 
powei’ of the initial shock which causes the explosion. The more powerful the inil lal shock 
the greater is the aiiiount of kinetic energy transformed into heat and hence the higher 
the temperature developed ; therefore, also, the greater is the pressure of the resultant 
gases and the more rapid and powerful the effect of the explosive. The effects vaiy 
considerably with the manner in which the explosion is induced ; thus, if a flame is brought 
near to non -compressed guncotton, the latter burns rapidly but docs not explode ; whilst 
if it IS compressed and subjected to the action of a cap (detonator) of fulminate of morciip'V'* 

a real and very powerful ex- 
plosion occurs ; similar phono - 
moiia are observed with nitro- 
glycerine and dynamite.^ 

DETERMINATION OF 
THE EXPLOSION. Tn order 
to induce the explosive re- 
action of a substance, it is 
sufficient io bring it at a single 
point to a certain initial decom- 
position temperature (by pcrciis- 
Bion, detonation, &c.), the shar]) 
decomposition at this point t hen 
producing a new shock which heats the neighbouring points io the dccomposiiion 
temperature, and so on, the explosion being thus communicated io the whole mass by a 
true explosive wave, which is enormously more rapid than simple burning. From this will 
be understood the great importance of detonators, which do not serve merely for ignition ; 
and the difference will also be apparent between an ordinary explosion by ignition and 
percussion and that induced by fulminate of mercury detonators. 

When the phenomenon of explosion is studied more clovscly, it becomes evident that 
the gases produced at the point of ignition tend to expand and honec to diminish the 
pressure at that point and also the rapidity of explosion, but if this imt ia.1 expansion 
is impeded the pressure and hence the velocity of decomposition increase rapidly. In 
practice miners obtain this effect by filling the cavity containing the explosive with a 







of tliG pressure is called the modvlus of progressirity and serves to chaiaciense the vauous e-\ploHivcR. Thus, 
this modulus vanes from 1 25 to 1 50 foi black powders and fiom 1-86 to 1 87 lor smnki'less powdeus, whilst tliat 
of picric acid is 2 S2 and that of ’Fernefs e'lplostte (12 per cent of rlinitronaplithalenc -f <S8 pei rent of ainmonniin 
nitrate) S 25 As will hence be seen, these iast two explosives Ime the danj;crous piopnty ot furu’shmu: aceidcnlal 
superpre<?sures, owing to undulatory phenomena which alwaj's accompany the combustion of .sulxstanei'B in- 
flammable With difficulty In smokeless powders, the modciato progrossivity compared with the great power 
constitutes a valuable safeguard in then use m fiicarms ; in this they arc suipassed only by black powders, which 
are, howexvr, much less powerful 

^ The pereusHve force (kinetic energy) of an explosive serves best to establish the sJuitfentiq jiowvrand is calcu- 
latcd by C E Biehel by means of the formula W'herc >?? denotes the mass of the gases formed in fhe explosion, 


or the weight of the explosive, divided by 9 81 and v is the velocity of detonation ('i e. the time (dajwing limn the 
beginning of the explosion to its completion throughout the whole mass) For ] kilo of an erphmre gelatine 
(92 per cent of nitroglycerine and 8 per cent, of collodion cotton) with the charging density, 1 63, Bichel gives 


a velocity of detonation of 7700 metres per second, so that the percussive foico in absolute units will he 
1 X 7700^ 

ffsTlTF' ~ ^i 021,916 kilogram-metre-seconds ; for 'blacL powder (with a charging density 1'04) exploded mubu' 


the same conditions in a closed vessel with a detonating cap, the velocity of detonation is 300 metres iiei second, 
1 X 300® 

SO that - — ~ 4587 kilogram-metre-seconds ; for Ideselgulir dynamite (75 per cent, lutiuglyccrnie) the velocd^y 


of detonation is 6818, and hence the percussive force, 2,369,272 kilogram-meties per seeoud ; for a gi lahne-dynamiie 
(63*5 per cent,' mtioglycernie, 1*5 pei cent, collodion cotton, 27 pei cent, sodium nitrate, 8 per eorit. wood meal), 
with a charging density of 1 07, the velocity of detonation is 7000 and the percussive force 2,407,452 ; for trnntro- 
toluene, a charging density of 1-55, the velocity w^as 7618, and the percussive foice 2,957,896; guncotton, 
with a charging density of 1*25, had a velocity of 6883, the percussive force being 2,076,689 ; and picnc acid, with 
a charging density of 1*55, gave the velocity of detonation 8183, and the percussive force 3,412,920 kilogram - 
metre-seconds. 
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taynfing ot earth or stone. The same end may also be attained by mcreafeing considerably 
the mass of the explosive and the surface ot ignition, and this explains vhy certain sub- 
stances burn. Without ex|)loding, m small quantities (guncotton, nitroglycerine, &c.), or 
when the ignition is conhiied to a limited area, whilst a powerful explosion may occur 
when a large quantity of explosive is used or when it is surrounded by a soimce of considerable 
heat. 

Eor shattering explosives {e.g. fulmmate of mercury) no tamping is used, since the 
reaction is so rapid that the atmospheric pressure, that is, the air itself with its inertia, 
IS sufficient to maintain the pressure of the gases. Even fulmmate of inercmy, if ignition 
is effected by an electric contact (which heats a platinum vure to redness) and under an 
evacuated bell -jar, burns without exploding, thus confii’ming the tamping action of the 
air m the case of detonators and even of ordmary explosives ; in fact, if a roll cf 
dynamite is exploded on a bridge, the latter is cut iii two ovung to the tamping action 
of the air. 

The explosive wave produced in the explosion of gaseous mixtures and of liquids and 
solids IS only slightly related to waves ot sound. The latter is transmitted from crest to crest 
with but little kinetic energy, with a small excess of pressure and with a velocity depending 
only on the natui’e of the medium in *whicli it is propagated and of equal magnitude tor all 
kinds of vibrations. The explosive wave, on the contrary, propagates the chemical 
transformation through the mass of the explosive substance, communicating from point 
to point of the decomposmg system an enormous amount of potential energy and a great 
excess of pressure. The sound-wave is propagated in a mixture of hydrogen and oxygen 
with a velocity of 514 metres per second at 0°, but the velocity of the explosive wave in the 
same mixture (exploded at a pomt) is 2841 metres. 

With gmicotton, the velocity of this wave varies from 3800 to 5400 metres per second 
according to the compression ; with nitroglycerine it is 1300, with djuiamite 2700, with picric 
acid 6500, and T\ith nitromanmtol 7700 metres per second. This velocity depends only 
on the nature of the explosive and not on the pressure, but it varies to some extent with 
the nature of the envelope. For instance, in a rubber tube having a thickness of 3-5 nim. 
and an internal diameter of 5 mm. and covered with cloth, ethyl nitrate gives a velocily 
of 1616 metres ; whilst in glass tubes of various diameters and thicknesses the value is 
1890 to 2480 metres. The propagation of the explosive wave bears no relation to that 
of ordinary combustion (which is much slower). The former occurs when the inflamed 
gaseous molecules acquire the maximum velocity or energy of translation, %.e. act vith 
the whole of the heat developed in the chemical reaction. 

Explosion by Influence. If a long row of dynamite cartridges are arranged on a flat 
solid at distances of 30 cm. or on a metal disc at a distance of 70 cm., explosion of the first 
with a fulminate cap results m the rapid and successive explosion of the remaining ones 
simply by influence and without the need of detonators or fuses. Air does not conduct 
the wave of explosive influence as well as solids, and if the cartridges are suspended ui the 
air by wires such explosion by influence does not occur. Water conducts the explosive 
wave to a certain distance, but the influence gradually diminishes with ui creasing distance 
from the centre of explosion (there have been cases in which the shock of a large charge of 
guncotton has exploded neighbourmg torpedoes ; to avoid these inconveniences, so-called 
safety explosives are now used). 

These explosive waves are first propagated through the explosive itself, not by a single 
shock — which would gradually weaken as it advanced — but by a very rapid series of such 
shocks produced by the propagation of the explosion from pomt to pomt of the whole mass 
of the explosive, the kinetic energy bemg thus regenerated along the whole course of the 
wave m the exploding substance. 

An explosive wave is thus distinguished from an ordinary sound-wave by the fact 
that the latter becomes enfeebled as it advances, whilst the former is characterised by the 
uniformity of the energy transmitted from pomt to point by a series of numerous and 
successive explosions throughout the exploding mass. Only the last of these explosions 
is transmitted with its energy to the surrounding air and to the matter on which the 
explosive rests, and, since it is no longer rehiforced (by other shocks), it weakens as it becomes 
more remote. Hence explosion by influence is not due to the fact that the distant explosive 
transmits or propagates the explosive wave through its own mass, but is owing to the arrest 
and transformation, at the point of impact, of the mechanical energy— it being capable 
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of similar (but not all) waves — ^into beat energy, able to cause decomposition and explosion 
of tbe substance itself. 

The effects of large charges of dynamite (25 to 1000 kilos) when freely exploded are 
dangerous to buildings and to life for a distance of 500 metres and arc felt as far away as 
3 kilometres (L. Thomas, 1904). 

CLASSIFICATION OF EXPLOSIVES. Explosives are to-day so numerous and are 
prepared from such diifferent mixtures and serve such a variety of purposes that a 
rigorous or rational classification is difficult or impossible. Also with a large number 
of classes there would be many substances which might belong to more than one of 
them. 

It Will hence be preferable to limit ourselves to a description of the various explosives 
Without any prearranged classification. They will be taken in the following order : (1) 
Dyriamites with a basis of nitroglycerine ; (2) Nitrocellulose; (3) Various snioJceless powders ; 
(4) Picrate powders; (5) Explosives of the Sprengel type (the components arc explosive only 
when mixed) ; (6) Sundry explosives ; (7) Black nitrate and other powders ; (8) Chlorate and 
Perchlorate powders. 


NITROGLYCERINES 

This name is given improperly to nitric esters of glycerine since they do not contain 
true mtro-groups (NO^) united directly with carbon as is often the case m benzene deriva- 
tives. On the contrary, the union is effected through an intermediate oxygen atom, so that 
these compounds should rather be called nitrates of glycerine. 

Being a tnhydric alcohol, glycerme can form three such compounds, the only one known 
until qmte recently bemg trmitroglycerme containing 18-5 per cent, of nitrogen and having 
very considerable industrial importance. 

In 1903, Mikolajczak prepared also pure DINITROGLYCERINE, C3H5-0H(0N02)2> 
containing 15-4 per cent, of nitrogen, and he proposed to use it as an explosive, as it 
possesses almost aU the ballistic advantages of trmitroglycerme and is not easily frozen ; 
it is, however, very hygroscopic and readily soluble in water and m acids. 

Binitroglycerine is prepared by nitratmg 100 parts of glycerine with 400 parts of nitric 
sulphuric mixture contaming 8 to 12 per cent. H2O, 60 to 70 per cent. H2SO4, and 15 to 32 per 
cent. HNO3 ; at the end of the reaction, the mass is poured into an equal volume of water, 
and the acid neutralised with calcium carbonate, when the dinitroglycerine separates as a, 
dense, floatmg oil. During the reaction, the temperature is maintained at 18° to 20° 
by coolmg with ice. Dinitroglycerme is also formed by dissolving trmitroglycerine in sul- 
phuric acid and then dilutmg the solution with a little water. In whatever way it is pre- 
pared (e.g. by treatmg 1 part of glycerine with 2 parts of sulphuiic acid, separating by means 
of lime the glycerinedisulphuric acid formed and treating this with nitric acid, as proposed 
by Escales and Novak, 1906), a mixture of the two possible isomerides is always obtained : 
dinitroglycerine K (i.e. ay-), N03*CH2-CH(0H)-CH2*N03, and dinitroglycerme F {i.e. 
a /3-), NO3 . CH2 • CHCNOg) . CH2 . OH, which was studied by W. Will (1908). The mixture 
forms an almost colourless, faintly yellow oil, sp. gr. 1*47 at 15°, which freezes at below 
—30° to a glassy mass, this distillmg almost undecomposed at 146° under reduced pressure 
(15 mm.) ; at 15° it is soluble to the extent of 8 per cent, in water and at 50° to the extent 
of 10 per cent. In dilute sulphuric or nitric acid it dissolves in all proportions and by 
sulphuric acid (up to 70 per cent.) it is transformed into mononitroglycerine and then into 
glycerine. It is very hygroscopic and, when dry, dissolves or gelatinises mtrocelluioso 
(guncotton or coUodion-cotton) very well. The two isomerides can bo separated by taking 
advantage of the fact that, in the air, the F compomid absorbs 3 per cent, of water and is 
transformed mto a crystalline hydrate, 3(C3H607N2) + H2O, whilst the other remains 
liquid. The J^-form gives a nitrobenzoyl-denvative melting at 81°, the corresponding 
compound of the ^-isomeride melting at 94°. In the di’y state, the dinitroglyccrines 
are as useful for explosives as the trinitro -compound, but when moist they are much 
inferior. A mixture of 50 per cent, dinitro- and 50 per cent, trimtro -glycerine freezes 
below —20°, 

Of MONONITROGLYCERINE, €3115(011)2 -NOa, the pure a- and /3 -isomerides are 
known (W. Will, 1908). These are not true explosives and dissolve to the extent of 70 jicr 
cent, in water. The a-compound melts at 58° and boils at 155° to 160° under 15 mm. 
pressure. 
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Nitrochlorhydrin, C 3 H 5 C 1 (N 03 ) 2 , and Tetranitrodiglycerine {b^cc p. i84) have albo 
been proposed as non-congealing explosives, but better still for tins jjurpose are tlie 
nitroaeetins (V. Vender) (see latei).^ 

OH 2 O.NO 2 

1 

TRINITROGLYCERINE, OHO-NOa or CgHsCO-NOals . 

CH2O.NO2 

This was discovered in 1846 by Ascanio Sobrero,- who called it Pyroglycerine and 
established its explosive properties but regarded its mdustiial nianufactiire as too dangerous. 
Its chemical composition was determined by Williamson in 1854. At first it was used 
only in small doses as a medicme, owing to its marked pover of inducing dilatation of the 
blood-vessels. Later, after various unavailmg attempts, Alfred Nobel succeeded in applying 
it industrially, andm 1863 established two nitrogiycerme factories m Sweden, these rapidly 
prospermg owing to the great demands of various nations for this powerful explosive. 
Nevertheless, owing to the neglect of precautions by consumers in the handling of nitro- 
glycerine, various terrible explosions occurred which almost resulted m the abandonment 
and prohibition of this substance. Fortunately just at this time Nobel discovered a ve^ry 
happy solution of the problem which completely eliminated this danger, by mixing the 
nitroglycerine with inert substances {hieselguhr or mfusoiial earth) and thus obtaining 
dynamite, this being to-day at the head of the great explosives industry. 

PROPERTIES. When pure it is a dense almost colourless or faintly 
yellow Jiquid of sp. gr. 1*6 at 15^^, and when it freezes its density increases by 
almost one-tenth. It is odourless and has a sweetish, burning taste. It is 
almost^insoluble in water (0*16 to 0*20 per cent, being dissolved at 15°), is 
not hygroscopic, and dissolves easily in concentrated alcohol, ether, benzene, 
chloroform, glacial acetic acid, toluene, nitrobenzene, acetone, olive oil, and 
concentrated sulphuric acid, and to a less extent in nitric acid and still less in 
hydrochloric acid ; it is, however, insoluble in carbon disulphide, gtycerine, 
petroleum, vaseline, turpentine, benzine, and carbon tetrachloride. In solu- 
tion it will not explode. It evaporates spontaneously and in very small 
quantities even at 50°, and if gradually heated to 109° it begms to decompose 
with evolution of brown nitrous vapours. 

Its specific heat is 0*356, and its heat of solidification 23 to 24 Cals. 

Dinitromonochlorhydrin is obtained, according to r. Eoewer (1906), by nitrating the monochlorliydrin m 
the same manner as glycerine i& nitrated {see later), and is then quickly separated from the top of the nitnc-snlphuric 
acid mixture as an oil which is easily rendeied stable by washing with water and soda It forms a faintly yellow*, 
mobile oil of aromatic odoiu, sp. gr. 1*541 at 15°, soluble in alcohol, ethei, acetone, or chloroform, but insoluble 
in w^ater and m acids. At 180° it gives yehow vapom’s, and at 190° boils without detonation oi deflagration, 
and with only slight decomposition ; under a pressure of 15 mm. it distils unchanged at 121° to 123° as an almost 
colourless oil. It is much more stable towards pressure than nitroglycerine, although possessing almost the same 
explosive properties. It does not freeze even at — 30° and is not hygioscopic. It dissolves nitrocellulose, forming 
explosive gelatine, and mixes readily with nitioglycerine, giving non-congealmg dynamites (wuth 5 to 20 per cent, 
of nitiochloihydrm, Ger, Pat. 183,400), these being prepared by nitiatmg directly a mixtuie of glycerine and 
chloihydim. In order to avoid the incon\ enient effects on miners of the hydiocliloiic acid termed m the explosion 
of nitrochlorhydrin, potassium nitrate is added ; during the explosion this is transformed into potassium carbonate, 
which neutralises the acid. 

Dmitroacetylglycenne, C3H5(ONO2)2(0COCH3), is obtained by nitrating the monoacetm in the same 
apparatus as is used for nitioglycerine, but using an acid mixture containing a pieponderance of nitric acid, e,g. 
65 per cent. HXO3 and 35 per cent. H2SO4. The dmitroacetylgbcciiiie being somewhat soluble in water, it is 
lost to some extent duimg the washing It is a yellowish oil, sp. gi. 1*45 at 15°, and is soluble m alcohol, acetone, 
ether, nitioglycerine, or nitric acid, and almost 01 quite insoluble in water, benzene, 01 carbon disulphide. It 
contains 12 5 per cent, of nitiogen and with double its wmght of nitioglyceiine gives a mixture with 16 5 per cent, of 
nitrogen, which has a lower fieezmg-pomt (below —20°) than any other mixtuie of these substances. It serves 
weUfoi preparing non-congealmg dynamites, and as it dissolves nitrocellulose easily it can be used for gelatinising 
smokeless powders. 

Dmitroformylg-lycerine, C3H5(0N0a)2(0 CHO), is piepared m a similar manner to the preceding com- 
pound, or, together with nitroglycerine, by nitrating the product obtained by heating 2 parts of glycerine with 
1 part of oxalic acid for 20 houis at 140°, Xitroformin and mtroacetm have explosive powers rather inferior 
to that of nitioglycerine. 

» Ascanio Sobiero was born at Casalmonferrato on October 12, 1812. He first studied medicine and then 
chemistry. In 1840 he went to complete his chemical studies in the laboratory of the celebrated Pelouze at Pans, 
where he stayed two years, and m 1843 he worked in Liebig^s laboratory at Giessen. In 1845 he became Professor 
of Applied Chemistry at Turin, where he taught until 1883. He died on May 26, 1888, after a modest life, during 
which he filled various honorary social positions. It was always his aim that science should not be made a pretext 
or means ot dishonoiable undeitakinas or of business speculations. 
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At a red heat it evaporates A\ithout decomposing, but li it begins to boil 
vigorously during the heating, theie is danger of cxpjosion. Aeeouliug 1o 
Champion, pure nitroglycerine in small quantities boils, giving ^tIIow vap()U!s, 
at 185'^, evaporates slowly at 194"^, and ra|)idly at 200"", bums quickly at 218 
and detonates with difficulty at 241^^, violently at 257°, feebly at 2G7\ and 
feebly wuth fiaiiie at 287° (being in the spheroidal state). 

When heated in small quantities m the Bunsen flame, it burns without 
exploding, and if spread in a thin layer on papei' it ignites with difficulty and 
burns only partially. Explosion of nitroglycerine can be induced cithci* by 
violent percussion at a temperature of 250°, or by energetic detonation {e.g. 
by explosion of fulminate of mercury). 

Nitroglycerme may be easily supercooled below its solidifying point. 
Kast (1906) showed that nitroglycerine represents a case of monotropjc allo- 
tropy {see also voL i, p. 191), i.e, it has two freezing-points, + 12° and -f 13-5°, 
corresponding with diflerent crystalline forms. ^ 

When frozen, nitroglycerme explodes with more difficulty than in ttie 
liquid form. Pure nitroglycerine will not redden blue litmus paper or turn 
starch paste and potassium iodide blue, unless it contains free acids or nitrous 
compounds due to partial decomposition. 

Impure mtroglycerine readily decomposes and may explode spontaneously, wlulsi m 
the pure state it keeps indefinitely. A sample of nitroglycerine (200 gims.) jnt'parc-d by 
8obrero m 1847 is stfll kept under water m the Nobel factory at Avigliana. 

When decomposing, mtroglycerine turns green owing to the loimation of N^O and NoO^ ; 
CO2, CO, H2O, N, and 0 {see also p. 216 ) are also successively formed. In exj)I<)duig, 
i htre of iiitrogi^^cerine produces 1298 litres of gas, which, at the temperature of i‘xx)losioiu 
occupies a space of 10,400 litres. 

In large doses nitroglycerine is poisonous and its vapour causes headaclie (especially 
at the hack of the head), giddmess, and vomiting. These cfects are produced even by 
wurking with or simply touchmg nitroglycerine and are cured by means of cold eomprivsses 
on the head, by breathing fresh, pure air, and by diinkmg eolfee and taking suitable 
doses of morphme acetate. 

Workmen who handle the mtroglycerine paste dui’iiig the manufacture of the various 
dynamites become habituated to it in two or three days and afterwards feel no iU-ehi‘ets. 
Nitroglycerine is moderately easily decomposed by alcoholic potassium hydroxide (with 
separation of glycerine), and, when necessary, this reaction is employed to dc'stroy and 
render harmless small quantities of nitroglycerine ; similarly benches or floors on wliieh 
nWroglyqerine„is spilt are washed with caustic alkali solutions : 

C3H5(0N02)3 + oKOH = KNO3 + 2KNO2 + CH3.COOK + H.COOK + 3H2C) ; 

a little ammonia is also formed. With reducing agents it gives ammonia and glycin ine, 
whilst With concentrated sulphuric acid it yields nitric acid and glycennsulxiliiiric acid. 

^ Both nitroglycerme and dynamites and smokeless powders piepaied fiom it aio liable to bolidilyj and .ilthungh 
they aie then more stable the thawing is accompanied b> dangei, and when not carried out with gicat pi ec.iutioiiH 
has otten led to fatal explosions, these being sometimes caused by the meie rubbing ot the ciystals. ludiciitjoiih 
will be given later ot the precautions taken in magazines to pievent freezing, and mention may bo made here of tin' 
attempts winch have been made to lender mtroglijcenne non-congealdble. As caily as 18U5 it was proposed to adil 
nitrobenzene to nitroglycerine to lower the freezing-point, and iatci the use ot oithoiiitiotolueno was siiggested , 
but the practical results were not very satistactory in either case, the depiession ot the troezing-x>oini being vi'ry 
small. Substances were leqLuired which were almost as explosive as triiiitioglycerine, and weie insoluble in wal t'l 
and stable on heating, and, m addition, were good solvents tor nitrocehulofaes (for making smolvcli'ss iiowdi'rs). 
These conditions were well satisfied by the mtrojormins and nittoacetim tested by ISTobcd as (*aily as 1875 but 
rondel ed piactically useful in 1906 by V. Vender. The best results aie given by dwitromonoacefm which is obtannvl 
fiom the monoacetin of glyceime prepared by the oidiiiary method used lor cstcritying alcohols witli acids (,scc 
late) , Bsteis) Borty parts of the monoacetin arc introduced slowly into a mixtui 0 ot lOU piaits ot mti ic iicid (sj> gi . 
1 530) and 25 parts ot oleum oi Xoidhausen suliihunc acid (containing 25 pei cunt ot fien 8 O 3 , sea vol. 1 , p. 275), the 
mass being cooled so that the temperature does not exceed 25“. The whole is then poured into watei and waslu'd 
with cold and afteiwm'ds with hot (70®) dilute soda. By this means an oil is obtained having sp. gr. and 
containing 12 5 per cent, of nitrogen ; it is insoluble m winter, caibun disulphide 01 benzi'iie, but dissolves un- 
changed in nitric acid, nitroglycerine, methyl or ethyl alcohol, acetone, acetins, dt* Even in the cold, it has 
consideiable solvent and gelatimsing pow'er tor collodion-cotton and guncotton (with 13 1 j[>er cent, of nitrogen) 
and the resulting explosive gelatines do not freeze even at ->20®, Xaukhoff (1908) has proposed the addition ol 
mtroinethane or nitioethane to dynamite to low'ci its fieczmg-point, and at the piesent time kqmi dinUrotolume ia 
largely used for the same pui'iiose. 
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Characteristic Reactions. According to Weber, small quantities of nitroglycerine are 
detected by treatment with, aniline and concentrated sulphuric acid : a reddish purple 
coloration is obtamed which turns green on addition of water. To establish the flinty 
.and keeping qualities of nitroglycerine, the nitrogen is determined and Abel’s heat test 
carried out {see later, Testing of Explosives) ; if it is satisfactory, 2 c.c. of it vnthstands 
20 to 30 minutes’ heating at 82° without giving sufficient nitrous vapours to be detectable 
by means of starch and potassium iodide paper. 

This reaction is, however, given by nitroglycerine kept for a few days at a temperature 
exceeding 45°, or for a long time below this temperature. 


PREPARATION. It is obtamed by the action of a mixture of nitric and 
sulphuric acids on glycerine : 

C3H5(0H)3 + 3HNO3 = sH^o + 

The mono- and dinitro -compounds are probably formed as intermediate 
products of this reaction. 

The presence of sulphuric acid, which plays no apparent part in the change. 
is^usualJy regarded as being necessary to maintain the nitric acid at a high 
concentration, i.e to decompose the hydrates formed by nitric acid with the 
water from the reaction (HNO3, H^O — HNOg, SHgO) and so regenerate mono- 
hydrated nitric acid, which acts on the glycerine (Kullgren, 1908). If the func- 
tion of the sulphuric acid were merely to fix the water, phosphoric acid could 
be used in its place ; but if this is done no nitroglycerine is obtained. 

The excess of the nitric-sulphuric mixture which is always used helps to 
produce a moderately complete separation of the nitroglycerine, which has a 
slightly lower density, so that it is possible to recover the acids employed. 
Although nitroglycerine is soluble in sulphuric or nitric acid alone, it does not 
dissolve in the mixed acids. But if one of the two acids is in large excess, a con- 
siderable amount of nitroglycerine remains in solution and is lost. In the nitra- 
tion,, the whole of the glycerine cannot be added at one time, since sufficient 
heat would in that way be developed to produce decomposition and explosion 
of the nitroglycerine instantaneously formed. It is also not convenient to 
reverse the operation, that is, to add the mixed acids gradually to the glycerine, 
the greater density of the latter rendering rapid and homogeneous mixing 
difficult ; it is hence preferable to run the glycerine slowly into the acid mixture 
and to keep the latter continually and thoroughly stirred and cooled. 

MANUFACTURE. The theoretical proportions of the reacting substances ^ would be 
100 parts by weight of glycerine and 205-43 of pure nitric acid, the theoretical yield of 
trinitroglycerine being then 246'74 parts. But on a large scale the whole of the nitric 
acid does not come into immediate contact with the whole of the glycerine, and it is hence 
better to use a slight excess of nitric acid (240 parts or even more) ; the amount of sul- 
phuric acid employed always exceeds that of the nitric acid (about 1 J times). In modern 
factories the following proportions are often used ; 100 kilos of glycerine, 240 to 260 kilos 
of nitric acid (98 per cent.), and 340 to 360 kilos of sulphuric acid (96 to 98 per cent.). 

In the best factories, the 'practical yield is 215 to 232 kilos of nitroglycerine per 100 
of glycerine, but in some cases it amounts to only 205 to 210 kilos. Good yields are obtamed 
by cooling the acid mixture during nitration by means of solutions from cooling machines, 
the temperature of reaction being kept down to about 10°. 

The low value of the practical compared "with the theoretical yield (246*7) is due to the 
fact that towards the end of the reaction there is very little free nitric acid and the last 


1 Tbe prime materials used iii the manufacture of trmitroglyccnne should he subjected to rigorous control , 
the glycerim should be pui*e and distilled and should satisfy the requirements indicated on p. 188. 
should have a specific gravity of 1*500 (48° or about 95 per cent HNO3) and should not contain more than 
1 per cent, of nitrous acid, it should not be yellow, as otherwise an increased amount of 
duiing nitration and the yield is lowered. The svlpJntnc acid should be pure, with a sp. gr. of op 
least 96 per cent. H.SO^) and acid containing more than 0 1 pei cent, of arsenic should be awided , 
non should also be absent as they might lead to reduction When nitrations arc earned 01^ ^ 

acids almost free from water (1 to 2 per cent ) the sulphuric acid is replaced by oleum or Xoidhausen acid [see 
vol. i, p. 275), acid containing 20 per cent, or more of dissolved sulphur trioxide. 

II ^5 
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portions of glycerine added are nitrated only with difficulty and licncc^ remani dissolved in 
the sulphuric acid. 

The mixture of nitric and sulphuric acids, which is prepared separately, is made by 
pouring the sulphuric acid slowly into the nitric acid (not vice ve^sa) m an iron ves.^el, 
the mixture being kept well cooled and stirred. With this procedure there is no danger 
of the acid spurting, and no production of nitrous fumes, since the development of heat 
IS gradual. This mixture is forced by means of elevators {Montejus) or pulsometers 
working with compressed air (voL i, p. 264) into tanks which feed the leaden apparatus in 
which the glycerine is nitrated. 

Duiing recent years, many vitriol and explosives works have made considerable use 
of Kuhlmann emulsors (or Mammoth pumps) for raising concentrated acids, which are 
rendered lighter by emulsification with air (see illustration, vol. i, p. 265). 

The leaden nitration apparatus is shown in Fig. 
181. It IS surrounded by a wooden jacket inside 
which water circulates. Inside the vessel are peri- 
pheral leaden coils through which largo quantities of 
cold water are continually passed by means of the 
two tubes D. The tubes G lead dry compressed air 
to the bottom of the liquid, which is thus kept 
thoroughly mixed. The tube F serves as exit for 
the air, and for any nitrous vapours which may be 
evolved and may be observed through the window, 
I ; these vapours are recovered in small condensation 
towers sprinkled with a little water. The cold acid 
mixture is first introduced through the pipe G. The 
glycerine, at a temperature of 20° to 25° (if coldim it 
would be too viscous), is measured in the reservoir, 
M, and is passed, by means of compressed air supplied 
through 0, slowly into the tube H, and thence into 
a perforated circular pipe at the bottom of the appa- 
ratus. Two thermometers, E, show the temperature 
of the reacting mass at any moment. 

The bottom of the apparatus is slightly inclined 
and at the lowest part is inserted a large stoneware 
tap, K, with an ebonite screw containing an aperture 
of at least 5 cm. It is convenient to have two of 
these taps so that, m case of danger, the whole of 
the mass may be rapidly discharged into a vessel of 
water underneath (drowning of the nitroglycerine). 
In such an apparatus, the same quantity of nitro- 
glycerine IS produced each time and the treatment 
of 100 kilos of glycerine requires less than half an 
hour.i In America as much as 2000 kilos of 
glycerine are worked at one time in open vessels provided Witli stirrers, but the risk, 
in case of explosion, is greatly increased. At the conclusion of the operation the nitro- 
glycerine (sp. gr. 1-6) floats on the acids (sp. gr. 1-7) and is separated by means of a 
suitable decanting apparatus (Fig. 182) to the bottom of which the whole mass is passed 
through the tube K. The apparatus consists of a leaden tank with its base sloping towards 

^ The temperature during the reaction bhould not exceed 25° to 30°, and it can he regulated by passing the 
cooling "water more or less rapidly through the coils, and, if necessaiy, through the wooden iack(‘t ; increase ot the 
air-current also helps to lower the temperature. Rise of temperature and consequent explosion were- at oius time 
due principally to the use of impure glycerine, but nowadai^’s it is geneially due to slight eseaxic of water from the 
coils. In ordei to avoid such danger, the apparatus and coils aie tested at least once a day, usually in the evening 
when the plant is free ; ^vater under pressure is forced into the coils and jacket and Icit until the morning, when 
any leak can be detected. Although the apparatus is constructed of very thick plates, the lead corrodes in time ; 
tests made with aluminium apparatus (proposed by Guttler) have not been very successful. Some woiks now employ 
more solid vessels of wTought or cast iron, which are more easily cooled 

Boutmy and Rancher avoid the dangeis of violent reactions by first dissolving, e.g. 100 parts of glycerine in 
320 of sulphuric acid and then pouring the solution into a mixtuie of 280 parts of mine and 280 of sulphuric 
acid- After 12 hours the reaction is complete, the yield being 190 per cent., calculated on th(‘ weight* of the 
glycerine taken. This method did not give good lesults in England, but has been aiiplu^d m France 

Kurtz increases th<=‘ yield and accelerates the reaction by emulsifying the glyoeriiK‘ with au ami passing it 
under the acid mixture, a more intimate mixture being thus obtained. 
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the centre and supported by a wooden structure ; the cover, C\ is raised on wooden 
joists, B, The tube D, wnth the glass window, E, serves to carry off any gas wdiich may 
be evolved ; a thermometer is inserted into the vessel at t. The tube showm at the bottom 

and in the centre of the appa- 
ratus communicates with tw^o 
or three taps, B, and is also 
fitted with a •window', F. 

After half an hoiu', the nitro- 
glycerine in this vessel separates 
into a distmct layer, as may be 
seen through I. The surface of 
separation of the tw'o layers 
coincides ver}^ nearly wnth the 
tap /, so that the nitroglycerine 
can be discharged almost com- 
pletely through the tube J into 
the lead-lined wooden tank, L. 
The acid that remams is dis- 
charged tlirough one of the taps, 
jy, it being noted tlirough F w'heii 
a turbid layer appears, as this 
separates the acid from the nitro- 
glycerine and contains variou s 
nitro -products and certam im- 
purities. ^ 

The tap, H, is then closed and this liquid is passed through other taps into suitable 
washing and decanting vessels {see later). The nitroglycerine in L is washed w'lth w’ater 

^ The acid separated from the nitiogljceime and containing about 72 poi cent HoSOi, 9 pei oont HNO^, 
16 per cent. H^O, and 3 pei cent of dissolved nitioglycerine, is collected in leaden tanks in which it leniains for 
one 01 two days, during which tune a small cxuantity (about 0 5 per cent ) of nitroglyceniie sepaiatcb at the surface 
The dangers of this slow sepcuation aic some- 
times a\Oided by neglecting the nitioglyceime 
which separates after 4 to 5 hoiiis , to aioid 
danger in succeeding nitrating operations, a 
large proportion of the nitroglycerine remaining 
dissolved is decomposed by adding cautiously 
4 to 5 pel cent of watei so as to raise the tem- 
peiature to 35® to 40® and then again mixing 
the mass by means of air (part of the trimtio- 
glyceniie is thus tran&fonned into soluble dmitio- 
glycerme). These reco\ered acids, which aie 
utilised again, aie first deiiitiated in the appa- 
ratus shown ill Fig 183. This consists of a 
cyliiidei of eaithenw^are or volvic stone filled 
W'lth fiagments of silica (quartz) or glass, on to 
which the acid from the tank, D, is sprayed ; a 
cuirent of steam from the cock, a, together with 
a little air are passed upwards thiough the tower. 

As the temperature rises the organic matters aie 
oxidised at the expense of the nitric acid, which 
thus gives oxide of nitrogen, this passing with 
the other nitrous vapours into the tube, B, which 
IS supplied with a current of an from the injec- 
tor, B. The mixed vapours are c’lvided betw'cen 
a double battery of long vertical earthenw'aio 
pipes, G, w'hero nitric acid of 38® to 40® B6. 
condenses, any vapour escaping being hnally 
condensed in a Lunge-Eohrmaim tow'er. 

The sulphuric acid at last reaches the bottom 
of the tower, A, wdiere it collects in the basin, 

and thence passes through the leaden coohng . j. 

coil, F* The acid thus obtained is darkened by the impurities piescnt and has •a density of about a6 to 58 B6 ; 
it IS usually concentrated m cascade apparatus of the JS-egriei type or in Gaillard towers (see vol. i, p. 269). 

During recent years, instead of the sulphuiic and nitric acids being recoveied and concentrated separately, it 
has been found preferable to send the acid mixture — after decomposition of the dissolved nitroglyceniie (see above) 
—directly but carefully into the boilers (already containing the sodium nitrate) in which nitric acid is made. 
Some prefer to ieim'ify the acid mixture. i e to bring it up to its original strength by adding the necessary quantities 
cf fuming nitiic and sulphuric acids, so that it can be used again foi the pioduction of fresh quantities of mtro- 
glyceniie ; for this purpose, sulphmic acid oi oleum is added slowly to the lequiicd amount of concentrated mtiic 
acid and the inixtuie then poured into the weak acid For this process of reco\ ering the weak acids (by which the 
2 5 percent or so of nitroglycerine dissolved m the acid is recovered) to be employed, a cheap suppl} of sulphuric 
anhydride or oleum must be available (oleum at less than 4s. per quintal). 
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and in then agitated by passing compressed air through the perforated pipe, N, for about 
fifteen minutes ; the nitroglycerine is allowed to settle and the water decanted ofl by means 
ot the upper tap, i/. The washing with water is repeated two or three times, all the washing 
water being collected in a single tank ^ Finally the nitroglycerine is passed into a similar 
vat where it is stabilised, i.e. washed alternately with very dilute soda solution and water 
until the wash -water no longer has an acid reaction towards litmus and the nitroglycerine 
has a feeble alkaline reaction (0-01 of alkalinity, which disappears later). 

In the British Government factory at Waltham Abbey, Nathan, Thomson, and Rintoul 



(Eng. Pats. 15,983, 1901 ; and 
3020, 1903) prepare nitrogly- 
cerine in large leaden vessels 
(a, Fig. 184) With inclined 
bottoms ; in these 300 to 500 
kilos of glycerine are treated 
19 at one time and at the end 

of the operation, after 50 to 
60 minutes’ rest, the acid 
■ recovered from a preceding 


Pig. 184. 


operation is passed from the 


tank, c, to the bottom of a. 


In this waj^ the nitroglycerine is displaced and caused to discharge through s into the 
washing vessel, e, exit for the vapours being supplied by the tube o. When all the nitro- 
glycerine has been forced out, a little of the acid mixture is drawn oil by the pipe i, 2 to 
3 per cent, of water being then slowly added to the remainder, which is mixed meanwhile 
with a current of air. By this means the dissolved nitroglycerine is decomposed and the 
dangers of slow separation m any of the vessels avoided {see preceding Note). The acid 
is immediately demtrated, after sufficient has been passed into the tank, c, to dis])lace 
the nitroglycerine of the succeeding operation, b is the tank m which fresh acid is 
mixed, / the vessel for drowning, g that for stabilising, and li the filter for the nitro- 
glycerine, these two being at a considerable distance from e so that the nitroglycerine may 
be conducted to them as soon as it has undergone its initial rough washing. Yields of 
as much as 230 per cent, are obtained with this Nathan-Tliomson process. In Italy it 
is used at the Villafranca (Tuscany) dynamite 
factory. 

FILTRATION. The washed nitrogly- 
cerine is carried in hardened rubber or ebonite 
buckets to the filters, which are merely wooden 
frames covered with woollen cloth or felt to 
retam the impurities, scum, gummy matters, 

&c. By covering these cloths with a layer of 
dried salt, the emulsified water can also be 
held back. The cloths rapidly become blocked 
and are frequently renewed. The filtration 
is often, especially in England, effected by 
means of the apparatus shown in Fig. 185. 

This consists of a lead-lined tank, A, with 
inclined base. In the lid is inserted a leaden 



cylinder, G, with a metal gauze bottom on 185. 

which rests a filtering cloth, N, and on this a 

layer of sodium chloride, 0, covered by another filtermg cloth kept stretched by a leaden 
ring, Q ; the free part of this cloth is folded, stretched, and fixed by a conical leadc^n 
weight, R. In place of salt, a sponge may be employed to retain the water. In some 
cases complete separation of the water from nitroglycerine is obtained by leaving the 
latter at rest for a couple of days in a tepid place (30°) and then decanting it ; but there 


Tlic wash-waters fiom all the preceding opeiatioiis aie collected ni an inclined lead-lined tank called tdie 
labyrinth, winch is divided into a number of chambers by vertical leaden walls peiforated alternately at the top 
and bottom. The wash-waters enter slowly at one end of the tank and traverse a long up-and-down coiirbc, 
gradually depositing the emulsified or suspended drops of nitroglycerine before the opposite end of the tank is 
leaclied. The nitroglycerine collected at the bottom is discharged through suitable taps and added to that m the 
washing appaiatus. 
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IS then some risk owing to the prolonged a c cumulation of large fpiantitn^s of nitro- 
glycerine. 

In the working ot nitrogl} cernng each ojxTation is usiiall} earned out in a separate 
building, that in which the explosive is produced being at a very high elevation, the nitro- 
glycerine then flowing to lower points for the succeeding o]3crations. All these buildings 
are of wood so as to diminish the damage in case of explosion. The floors of the sheds in 
which the nitroglycerine is produced and of those where it is treated in the liquid state are 
covered with sheet-lead with raised edges so that the material may be caught in case of 
breakage. 

Where the nitroglycerine is worked in a pasty state (for ckmamitcs) the flooring is of 
wood free from crevices. 

If nitroglycerine is accidentally spilled, it should be iininecbately wiped up with 
sponges. 

The channels through which mtroglycerme passes from one shed to another are in the 
form of gutters furnished with removable covers and are fitted with a longitudinal pipe 
through which warm water can be circulated in winter and the danger of freezing avoided. 
A disadvantage attending the use of these channels is that an explosion in one shed is 
propagated along the channels to all the other sheds. So that the precaution is taken of 
disconnecting one section of a channel when not in actual use. In many factories the nitro- 
glycerine is transported in rubber pails {see above). 

The wmdow^s of the sheds are smeared with whitening, as the presence of curved parts 
in the naked glass might possibly result m the focusing of light on the explosive material 
and the explosion of the latter. 

USES OF NITROGLYCERINE. Small quantities are sometimes used 
in medicine to induce dilatation of the blood-vessels, but practically the whole 
of the production is used as an explosive. In America it has been long in use 
in the pure state for large mining operations ; Mowbray freezes it and trans- 
ports it in large quantities on trains from the factory to the place of consump- 
tion, as he regards it as less sensitive in the frozen state ; but this view is generally 
contested. It has also been transported without danger in solution in meth3d 
or ethyl alcohol, from which it is reprecipitated with water at its destination. 
Almost all the nitroglycerine made is used in the manufacture of various kinds 
of dynamites, djmamite gelatines, explosive gelatines, smokeless powder, &c. 

DYNAMITES. This generic name is given to explosives obtained b^^ 
gelatinising or absorbing nitroglycerine by various other substances. We have 
already mentioned that Alfred Nobel, the father of dynamite, had from 1860 
to 1864 various explosions of nitrogtycerine, sometimes of that recovered from 
the alcohol in which it had been transported {see above). In his attempts to 
diminish the dangers of nitroglycerine by diluting it with inert substances, 
Nobel discovered in 1866 that it is absorbed by kieselgukr {infusorial earth) in 
considerable proportions (up to 81 per cent.), and that in this state its power 
is diminished but little, while it can be safely handled and transported. He 
found further that this dynamite is exploded only by means of a fulminate of 
mercury cap. 

Kieselguhr is found in a very pure state in the Liineburg moors, near Unterliiss in 
Hanover, and in an inferior quality m Scotland, Norway, and Italy. It consists almost 
exclusively of the siliceous remains of diatoms, and contains also traces of iron and organic 
matter. Its particles are formed of empty tubes perforated in all directions, and it is 
this structure which renders kieselguhr so highljr absorbent. Under the microscope, it 
presents the appearance shown in Fig. 186. At the present time kieselguhr dynamite 
has been almost entirely replaced by new types (gums or gelatines) described later. 

If the absorbing substances are inert, like infusorial silica (kieselguhr), sawdust, cellulose, 
&G., they form dynamites with inactive absorbents, which contain about 72 to 75 per cent, 
of nitroglycerine, 24-5 per cent, of kieselguhr, and 0*5 per cent, of soda for the No. 1 quality", 
and less nitroglycerine in the Nos. 2 and 3 qualities. 

But in the new type of dynamite the solid matter consists of active substances, e.g. 
nitrocellulose, which take part in the explosion. These are dynamites with active absorbents. 
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th(' absorbents or bases being again divided into 7uirafos or inorganic (Kudisnuj bascb <ui(l 
orijayiic nifrn-ah.sin'bcnti^ (collodion-cottoii, &c. ). 

1. MANUFACTURE OF DYNAMITE WITH INACTIVE ABSORBENTS. The 
kieselguhr used must be suitably prepared. It is first spiead out in furnace chambers 



Fig. 186. 



and gently heated to eliminate moisture and organic matter, and is then more strongly 
calcined in reverberatory or mu file -furnaces, excessive heating being avoided as it may 
destroy the absorbing properties. It is then ground into fine powder and sieved. The 
fiour thus obtained should not contain more than 1 per cent, of moisture and should be 

immediately filled into sacks and consumed the same 
day, as otherwise it might absorb moisture. It consists 
of silica with traces of oxides of iron and aluminium. 

The nitroglycerine is weighed m buckets of hard gutta- 
percha or lacquered compressed wood-pulp and is carefully 
taken to the mixing -liouse^ where it is poured into wooden 
troughs lined with sheet-lead, and containing the absor- 
bent Skilled workmen then mix the mass rajiidly by 
hand ; sometimes rubber gloves are worn, but usually tlio 
men prefer to do without gloves, as the hands beconu^ 
accustomed to the action of the nitroglycerine m two or 
three days. 

It is important to obtain a homogeneous mixture, so 
that not the least portion of the kieselguhr remains free 
from nitroglycerine. After this hand-mixing the mass is 
rubbed through brass-wire sieves (2 to 3 meshes per centi- 
metre) arranged above lead-lined wooden troughs. The 
dynamite is placed on the sieve with a wooden spatula 
and pressed through with the palm of the hand ; here, 
too, the use of rubber gloves is not popular with the 
operatives In the troughs the dynamite is m th(‘ form 
of fine grains, which should not be too dry or too 
greasy. If too dry, it is passed again through the sieve or mixed with more nitro- 
glycerine, whilst if too greasy it is mixed with a further amount of kieselguhr. It is 
then placed in small portions m indiarubber bags of in wooden boxes lined with sheet- 
zinc and is removed to the building where the cartridges, used especially in mines, ai o pre- 
pared. Here the dynamite is transformed by simple presses into rolls, 19, 23, or 26 mm. in 
diameter. A very simple press devised by 0. Guttmann is shown in Fig. 187. The dyna- 
mite is introduced into the cloth bag, m, and falls into the tube, I, being pressed into this 
by the lignum vitae or ivory piston, p, at the end of the bar, d, which is actuated by the 
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l(‘vor, i ; the cylinder of dynamite issuing from the bottom of the tube, I, is broken by hand 
into definite lengtlis, -which are wrapped in paicliinent pajier or paraffined paper. The 
ordinary length is 10 cm (discharge cartridges) or 2*5 to 5 cm. (primers). These cartridge 
machines are sometimes worked by pulleys and motors. In some cases the boudinenses 
illustrated later are used. After the dynamite is snapped up, packets of 2-5 kilos are placed 
in cardboard boxes, which are wTapped and tied round and filled in tens into wooden cases. 
For military purposes the cartridges are put directly into metal boxes -wnth a socket in the 
lid for inserting the detonator. For use under water these metal boxes are sometimes 
used, and sometimes sausage-skins or rubber bags. 

These cartridge buildings are usually small with light avails and roof ; only two or three 
operatives work m each, high earthen banks separating one man from the next so that the 
effects of an explosion may be mitigated. 

In place of kieselguhr various other absorbents are used at the present time, e.g, wood 
meal (cellulose) mixed with inert mineral salts (calcium carbonate, sodium bicar- 
bonate, &c.). 

First in America and then in Austria 2 was prepared vhth 60 per cent, of nitro- 
glycerine, the remaining 40 per cent, consisting of wheateii flour and magnesium carbonate. 
At Cologne, Muller prepared a W etter-dgnamite (safety dy7iamite, ioi use in mines containing 
firedamp ; see later) by mixing 10 j^arts of ordinary dynamite vnth 7 parts of crystalline 
sodium carbonate ; the water-vapour formed on explosion sunounds the flame and the 
explosive gases and thus prevents explosion of the firedamp. Many varieties of these 
dynamites are used to a greater or less extent in practice, e.g. carbodynamite containing 
90 per cent, of nitroglycerine and 10 per cent, of carbonised cork, sebastine, litlioclastite, 
ca^bonite, &c. 

Properties of Dynamite with Inert Bases. This forms a pasty mass of reddish yellow, 
red, or grey colour according to the quality of the infusorial earth employed ; to ensure 
a uniform colour about 0-25 per cent, of burnt ochre is often added. It is odourless and 
has the sp. gr. 1 -4 and the pasty consistency of w’et modelling clay ; the inside of the wrapper 
should show no traces of nitroglycerine (sweating). It is much less sensitive to pressure 
and percussion than nitroglycerine and, in finall portions, can^be.hgMed and burned 

It can, however, be exploded by powerful percussion or detonation, or by red-hot 
metal, or by heating suddenly to a high temperature or for a long time at 70° to 80°. 
Dynamite freezes at temperatures below + 8° and then becomes less sensitive ; before 
being used it must be carefully thawed in w^arming-pans, surrounded by water at a tem- 
perature not exceeding 60° ; it must never be thaw^ed on a heated metal plate. Thawed 
dynamite should be used^carefully as a little nitroglycerine exudes during thawing. Most 
of th^ dynamite made is used as an explosive in mines and for firearms ; for cannon it 
has little use, owing to the danger caused by sweating during the thawing, so that for 
military purposes explosives are used which are safer to transport and not so sensitive to 
shock or to discharge (explosion by sympathy). 

II. DYNAMITES WITH ACTIVE BASES, {a) Pulverulent Dynamites with 
Inorganic Nitrates. Immediately after the discovery of dynamite 'v^fith a silica base 
came the idea of replacing the inactive substance, which diminished the force of the 
nitroglycerine, by active substances so that the explosive power of the dynamite might 
be increased. 

In America such dynamites are often made with 40 per cent, of nitroglycerine, 45 per 
cent, of sodium nitrate, 14 per cent, of wood-pulp, and 1 per cent, of magnesium carbonate ; 
these dynamites are well suited for mines where no great power but considerable safety is 
required In Europe mixtures of nitroglycerine, ammonium nitrate, fine sawdust, sodinm 
nitrate, carbon, &c., are made ; e.g- 20 per cent, nitroglycerine, 36 per cent, sodium nitrate, 
25 per cent, ammonium nitrate, 18*5 per cent, roasted rye fiour, and 0*05 per cent. soda. 

In Austria Trauzl in 1867 prepared a pasty mixture of nitroglycerine with guncotton, 
which was not affected by water and was exploded only by fulminate of mercury detonators. 
This product was not successful, hut similar and improved preparations were subsequently 
made. 

About this time Abel in England prepared glyoxiUne by soaking defibred guncotton 
and potassium nitrate in nitroglycerine ; this was also unsuccessful. 

(b) Blasting Gelatine and Gelatine Dynamite. Since these contain nitrocellulose, they 
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will be uientioned later (..es Smokeless Powders), after the manufacture of niti'ocellulo.e 
liRiS bcGii ci6scnbGcl. 

Statistics of dynamite : sec later at the end of the eliapter on ExplosiYos. 


NITROCELLULOSE 

(Guncotton or Pyroxyline and Collodion-Cotton) 

This substance should^ to be in order, be described later, after cellulose 
(which is a carbohydrate with many alcoholic groups and with a moleeulai 
formula polymeric with CgHj^o^s) been studied, but as its properties and uses 
are closely connected with those of explosives, it is considered opportune to 
include it in the present section^ 

CONSTITUTION OF NITROCELLULOSE. The relation of the com- 

ponents of cellulose being expressed by the more simple formula (CeHioOs)^,, it is found that 
the maximum degree of nitration consists in the introduction ot three nitric acid residues per 
molecule of CeHioO^, so that guncotton was given the name tnmtrocelMose, and was repre- 
sented by the formula C6H705(N0o)3. Since the use of more dilute acids results in the 
combination of a less proportion of nitric acid residues, it is supposed that a monomtro- 
and a dzmtro-cellulose SLve also formed. 

It was found later by Bder that there exist nitrocelluloses with compositions intermediate 
to those of tri- and di -nitrocellulose, and others between the mono- and di-nitro -compounds, 
so that it must be supposed that cellulose has a formula at least double that of the 
simple one given above ,* but the mononitrooellulose corresponding with this doubled 
formula, CigH^oOio. (CgHioHs)., has not yet been prepared. 

Still later Vieilie, by accurate study of the nitrocelluloses prepared with acids of various 
concentrations, succeeded in preparing eight different types of nitrocellulose, this result 
indicating that Eder’s formula, which predicted only six, could no longer sei’ve. Vieillc^ 
then proposed for cellulose a formula double that of Eder, i.e> C21.H40O20 (L(jHio05)^, 

according to which twelve nitrocelluloses are theoretically possible ; eight of these, from 
endeca- to tetra-uitrocellulose have been actually prepared. Mcndelejefl, having found 
nitrocelluloses intermediate to or identical with these twelve, but different from those 
studied by Vieilie in being soluble in a mixture of alcohol and ether, proposed the doubling 
of VieiHe’s formula, so that cellulose becomes C48lIgoOio or (C6Hio05)8. To-day, however, 
it IS thought that these differences are due to mechanical mixtures of the various nilro- 

1 In 1833 Braconnot observed that wben staich or wood is treated with conccntiated nitric acid, a luucila^nnoiis 
solution IS obtained which, on addition of \^ater, yields a white powder soluble 111 a mixture of alcohol and ether ; 
this powder, which burns vigoiously, he called xyloidin In 1838, by subjecting cotton to the same treatment, 
Pelau 2 e obtained a product which exploded on percussion and was indeed nothing but nyhidxn, he K'comnictided 
it as highly suitable for the manufacture of flreworhs. In 1845 Schonbcin at Basic, and some months later, and 
independently, Bottger at Brankfoit discovered that the nitiatioii of cellulose takes place much moie easily and 
completely if the cotton is treated with a mixture oi concentrated nitiie and sulphmic acids In order to utilise in- 
dustnallj^ the guncotton thus obtained, the two disco vereiB combined and kept their process seexet After the 
initial difficulty m getting this new explosive taken up m piactice, the cxtiaordmary power of gimcotton and its 
great advantages over black powder aroused considerable enthusiasm. But hcaicoly had it come into geiicial use in 
various couiitries than a number of spontaneous and fatal explosions m guncotton factories and magazines, by 
which whole buildings were razed to the ground, created such a panic that its manufacture was everywhere 
abandoned. The process of nitration was then already known to Knop and JCarmaisch, and to others, who 
manufactured guncotton by this simple piocess. And m 1846 Sobrcio made use of the nitnc-sulphuiic mixiuro 
for the preparation of nitroglycerine 

In 1853 the Austrian, Captain von Lenk, ascertained how to render guncotton safe. The Austiian Government 
acquired from Schonbem and Bottger the process of manufacture (at a price stated to be 30,000 dorms, or £2500) 
and maintained the secret of avoiding the spontaneous decomposition of guncotton until 1862. Then von Look 
communicated the secret to the Brench and English Governments, and in 1864 patented the process m Aineiiea. 
Whilst in America the manufacture was undertaken on an enormous scale, m Austria and England it was again 
suspended on account of further tcnible explosions in the factories themselves; these were expiamed by the 
English wurkers as due to the insufficient puxiflcation of the nitrocellulose by von Lenk. In 1865 Abel discovered 
the method of bestowing absolute safety and keeping qualities on the nitrocellulose He used drst of all the 
process of washing proposed in 1862 by the Englishman J. Tonkin, which consisted simply in complete washing with 
abundant supplies of water ; the nitiated cotton was then defibred or pulped in maclunes similar to those em- 
ployed in paper factories and the wet pulp subjected to considerable pressure. Erom that time the manufacture 
extended to all countries, m spite of an English factory being blown up in 1871 (apparently a criinmal act), and in 
recent times it has acquired new and increased importance owing to the discovery of smokeless powder. 

The process universally used at the present time in the manufacture of guncotton is that indicated by Abel 
Before the discovery of smokeless powder, guncotton had limited applications and was not used in mines since, in the 
form in which it was prepared, it had an excessive shattering action, whilst in mines progressive explosives arc 
usually required. 
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celluloRes rather than to separate chemical combinations, and further, that the nitration 
IS gradual and leads from the more simple to the more complex forms. 

Nitrocelluloses with more than 12 83 per cent, of mtiogen were at one time regarded 
as being insoluble in alcohol-ether, but Abel showed that there are mtrocelluloses with 
13*2 per cent, of nitrogen and still soluble in this mixture, whilst others with only 12*8 per 
cent, are insoluble ; and that this depends on the method of preparation — the duration of 
action of the mixed acids, the ratios and concentrations of the latter, and the temperature 
at which they act — and on the nature, purity, and dryness of the cotton. Only by following 
exactly the directions is it possible to obtain a constant percentage of nitrogen and complete 
solubility or insolubility in the mixture of alcohol and ether. 

It was also once thought that guncotton was a nitro- compound in the true sense of 
the word, i,e. that the ]Sr 02 groups were united directly to carbon. But first Bechamp and 
then others showed that it is a true nitric ester which can be saponified, with regenera- 
tion of the cellulose, by alkalis, alkaline salts, ammonium sulphide, or ferrous chloride. 
It has been further shoum that uuth the maximum of nitrogen an oxpntrocellulose 
IS obtained [oxycellulose is (CgHioOsjg + (CeHioOe)?!, so that the nitrocellulose will be 
C6H7(N02)30 s + C6H7(N02)306, aiid this witli ferrous chloride gives oxycellulose; mtro- 
mannitol, treated similarly, gives mannitol and not oxymanmtol], 

PROPERTIES OF GUNCOTTON. Under the microscope nitrocellulose 
has the same appearance as ordinary cotton, bi^ in polarised light it appears 
iridescent. When moistened with a solution of”iodiiie‘ln potassium iodide 
and then with sulphuric acid, nitrocellulose becomes yellow and cellulose blue. 
It is somewhat less white than ordinary cotton, is rather rough to the touch and 
crackles when pressed with the fingers ; it becomes electrified when rubbed and 
then aj)pears phosphorescent in the dark. It is soluble in ethyl acetate, niti'o- 
benzene, Benzene, acetone, &c., but insoluble in water, alcohol, ether, acetic 
acid or nitroglycerine, although a mixture of nitroglycerine and nitrocellulose 
is soluble in acetone, forming a jelly, cordite {see later). 

It resists the action of dilute acids, but is decomposed slowly by concen- 
trated--sulphHrie~‘am4-™onh^ completely by hot sodium sulphide. 

Decorappsition is also effected WjrjQmand acetic acid or by ammonium sul- 
phide or ferrous chloride (Bechamxo). 

Flocculent, loose guncotton has the sp. gr. OT, whilst the pow^der (pnlp) 
has the sp. gr. O^^FBSJls^ploded by shock or percussion only at the point 
where it is struck, thejexplosienmQjy)eing propagated to the whole mass . When 
ignited, it burns so rapidly that even when it is placed on black powder, the 
latter does not burn. 

In the form of cord, it burns more slowly and’may be used as a rapid fuse. 
When wet or compressed it has a specific gravity varying from 1 to 1 *3 (the abso^ 
lute sp . gr. is T5) and it then burns slowly and caimot be exploded by percussion 
or by ordinary detonators ; explosion can, however, be induced by detonating 
a little dry guncotton with a fulminate of mercury cap. The decomposition 
proceeds according to the equation : 

2CeH702(0N02)3 = 500 + + 8H + + 6N. 

Less compressed guncotton gives more CO and H in comparison with the 
COg and H^O, and hence has a less effect, the development of heat being smaller, 
No ash or smoke is formed, and I kilo of guncotton yields 741 litres of gas (the 
water being liquid, or 982 litres if the water is in the state of vapour), which is 
inflammable and, owing to the presence of carbon monoxide, poisonous. The 
temperature of combustion has been given as 6000° [i.e. 1071 Cals, are developed 
by 1 kilo). 

Unless guncotton Js carefully prepared, it undergoes gradual change and 
m ay gxptod n”^^"ntaneo^^ in the light, and To fhfs are probably' 
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due the great explowioiis which oeciuTcd formerly (1848-1802) Even diy, 
granulated guncotton becomes harmless and safe to handle if it is immersed 
for a moment in ethyl acetate, as it becomes coated wuth a gelatinous layer 
which dries it and preserves it, if moist, from further evaporation. 

Guncotton is transported in large quantities in the wet state in wooden 
boxes placed in others of zinc which are sealed hermeticalty to retain the 
moisture. It is stored in dr}^ magazines which are situate at least 150 metres 
from any habitation and are not surrounded by earthworks so that the more 
serious effects due to projection of debris may not be added to those of an 
explosion. 

MANUFACTURE OF GUNCOTTON. Hanks of purified cotton, free from impurities, 
are employed. Tins cotton should fulfil certain requirements.’^ 

The pure cotton is placed loose on trays which are arranged in a drying-stove heated 
by means of gilled pipes through which steam circulates ; the heating is continued until 
the proportion of moisture is less than 0*5 per cent., after which the cotton is allowed to cool 
for 12 to 15 hours in hermetically sealed boxes. If not pure the cotton is best defatted 
by boiling it for 2 to 3 mmutes with 2 per cent, sodium hydroxide solution ,* it is then washed 
wuth water and subsequently treated with very dilute nitric acid in the hot. In some 
cases it is also bleached with a weak solution of hypochlorite, well rinsed with water and 

When almost dry it is carded, dried completely, and, 
while still hot, placed m hermetically sealed boxes 
so that no more moisture may be absorbed. 

Nitration is then effected with a mixture of con- 
centrated nitric and sulphuric acid, as follows : 3 parts 
of pure sulphuric acid of sp. gr. 1 -841 (96 per cent. ) are 
poured into 1 part of pure nitric acid of s}) gr. 1*516, 
mixing taking place immediately and completely 
without the aid of stirrers. The mixture is th(‘n 
delivered with the help of an acid elevator {Montejvs) 
into the nitration apparatus, consisting of a cast-iion 
vessel, A {dipping pot) (Fig. 188), standing in a larger 
vessel, (t, through which cold water circulates from 
E to J. The cotton is immersed in small portions (300 to 800 grms.) in the acid-bath and 
is stirred with an iron fork. In England 1 kilo of cotton is used per 160 kilos of the acid 
mixture, while in Germany 1 kilo of cotton is taken for every 40 kilos of acid ; after a 
short time (15 to 30 minutes) the nitrated cotton is removed with iron forks and is jilaccd 
to drain on a cast-iron grid (grate), B and G, arranged on one side above the vessel ; before 
it is taken away, it is pressed with a cast-iron plate, F, connected with a lever, D E. 

The acid mixture is renewed when it has treated 30 to 50 per cent, of its weight of cotton ; 
also after each portion of cotton is removed from the bath, fresh acid mixture, equal to 
ten times the weight of the cotton taken out, is added in order to make up for what has bci^n 
absorbed and combined. On the German system (where less acid is used) renewal takes 
place more frequently. Above each of the nitrating vessels is a hood with a strong draught 
to carry off the nitrous vapours which are always evolved. Excessive rise of temperature 
gives a guncotton which contains less nitrogen and shows less complete insolubility in 
alcohol-ether than are required in practice. 

In some factories the nitration is carried out in a number of small, deep and narrow, 
hemispherical vessels of cast-iron mounted on trolleys. These are charged m order with 
certain weights of acid mixture (30 to 50 kilos) and dry cotton (2 to 4 kilos), and, after 
thorough mixing, the trolleys are pushed into an oblong lead-lined chamber provided with 

^ Chiton for nitrocollulose should be pure white and should not contain dust or fibres of 3 ute, h('mp, or flax, 
or woody matter or pods ; these impurities, when scpaiated by hand from 200 grms. of the cotton, should not 
exceed 0 5 grm. The filaments should not be too short, otherwise they form a paste during nitration. A small 
piece thrown into water should sink m two minutes. It should not contain more than 0 0 per cent, of substances 
soluble in ether (fats, &c.) ; in many factories 0 6 per cent, rs not allowed. In England the amount of fat allowed 
IS 1 1 per cent extracted with ethei in 4 hours in a Soxhlet apparatus (see Analysis of Pats). '111(5 moisture, 
determined by heating the cotton in an oven at 100° until its weight remains constant, should not exceed 0 per cent, 
and the cotton merchant is debited with any excess and also with the cost of diymg. 

Wlien moistened with a few drops of water, the cotton should maintain a neutral reaction. 

The ash, estimated by heating a lew grammes of the cotton to redness in a platinum capsule until it becomes 
quite white and of constant u eight, .should not amount to moie than 0*3 per cent. 


dried in a hot-air oven as above. 



Fig. 188 . 
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cis iiia.nv doors as there are trolleys. A pornTful aspirator draws tlio nitrons vapours 
into a wooden flue. A battery of Roakiiifr-pots is used in such a way tliat \Yhen the last 
IS introchiced into the chamber the first has already linished reading (30 to 40 minutes), 
and as the pots are of metal and relatively small and are in a strong draught, the heat 
developed is readily dispersed. The pots are removed from the chamber and taken to the 
neighbouring centrifugal machines, into whi^ the contents of the pots, which are mounted 
on pivots, are tipped. The centrifuges ars^^mtilar to those employed in sugar factories {see 
Sugar) and have a steel or loaded steel rotatf^l^^et ; aliimimum ones have also been tried 
but not With great success, A few minutes’ (f^^^lngation at 1000 revolutions per minute 
removes the greater part of the acid from the g^ni^^on ; the latter is immediately taken 
to the washing machines, while the acid recovetfhC^^ revivified in the manner described 
on p. 22/. If drops of water or lubriea^nig oil fallen tS^the cotton during centrifugation, 
the mass sometimes undergoes suddeft^i^^omposition .witllx formation of a dense cloud of 
brown vapour ; tins does not constitute serious danger, S|iibe'usually it is not accompanied 
by explosion. ' - -L 

In some factories the nitration is iiowatk^s cai^ied oiit clii*^ctly in the centrifuges, 
winch may be of naked or leaded steel or evei^f ’’eartti^rivare, :|i!though these are heavier 



and more fragile (see Figs. 189, 190). The latter consist of a double-walled earthenware 
basket, the inner wall, d and a, but not the outer one, being perforated ; the two walls being 
a slight distance apart, an annular space, c, is left, which has an outlet above in a number 
of holes, s, in the edge of the bush. The whole is bound with steel hoops, t, to prevent 
danger from projection in case of fracture. The dry cotton (7 to 8 kilos or more) is arranged 
peripherally inside the perforated basket, the acid being supplied by the tube, m ; the basket, 
surrounded by the jacket, b, and the cover, z, both of earthenware, is set in motion by the 
shaft, p, driven by the belt, r. The acid is driven uniformly through the cotton by centri- 
fugal force, rises through the ring space, c, and issues from the holes, s, into the channel, e, 
whence a pipe, /, carries it to an elevator to be again circulated. The operation is of 
short duration, and the red vapours are emitted from the tube, g. During nitration, the 
velocity of the drum is relatively low, but at the end the velocity is increased ; the nitrated 
cotton can then be taken away at once to be washed. 

Use is, however, preferably made of steel centrifuges with circulation of the acid, as 
proposed by Selwig and Lange ; the basket, d, is perforated (Fig. 191) and the cover is of 
aluminium and hinged and is furnished with a large tube, o, communicating with the pipe 
of an aspirator, %. The basket is moved slowly and filled with the nitric -sulphuric mixture 
(e.g. 70 per cent. HgSO^, 23 per cent. HNO3 7 per cent, water) up to the top edge ; 
the cotton is then introduced in packets (1 kilo per 50 kilos of acid) and the basket given 
a velocity of 20 to 30 turns per minute. This movement causes the acid to circulate 
continuously through the cotton, and in half an hour the nitration of 6 to 8 Idles of cotton 
IS complete ; the acid is then discharged and the velocity increased to remove as much 
acid as possible from the cotton, which is taken out and washed in the ordinary way. 
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Excessive prolongation of the centrifugal ion and excessive velocity are not only wjtliont 
advantage but involve increased danger of ex}ilosion. 

From August 1905 m the Royal Clunpowder Factory at Waltliaiii Abbey (wbcT(‘ 2000 
tons are produced iier annum), guncotton has been made by the 'process of 

J. M. and W. Thomson and Nathan, which is briefly as follows. 



Into the earthenware basins, which are furnished with aluminium covers (Fig. 1 92) and arc 
connected in groups of four by means of leaden pipes and also communicate with exhausters, 
600 litres of the nitric -sulphuric mixture are placed ; about 10 kilos of cotton arc then 
introduced in small portions into each vessel and are pressed with perforated wrought-iron 
plates. The nitration lasts two and a half hours, and at the end water is introduced 
above the perforated plate, this displacing at the bottom a corresponding quantity of tlio 
acid ,* the acid thus recovered is reinforced with oleum and strong nitric acid. The 
displacement lasts 3 hours, after which the mass is centrifuged and the cotton washed, 
rendered stable, pulped, &c. 



Since guncotton should have a very definite nitrogen content, different from that oC 
collodion-cotton used to gelatinise nitroglycerine {see later), the process of nitration is care- 
fully followed by numerous rapid analyses until suitable conditions are found for obtaining 
a constant product ; after this has been done, the final control is sufficient. It has been 
proposed to follow the extent of nitration of cellulose by observing its behaviour towards 
polarised light. In recent years it has been sho\m that guncotton of more constant type 
and more readily rendered stable is obtained if the acid mixture is renewed for each nitration ; 
the last processes described are hence to be preferred. 

WASHING. The nitrocellulose from the centrifuge is passed directly into the oval 
tvashing vessel {see Fig. 193), which has a longitudinal partition down the middh^ (like 
the hollander machines used in paper -making), and in which a shaft furnished with beateis 
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mixes the whole mass with water ; the latter is con'^tantly rene'\\ecl and the washing 
continued until the acid reaction towards litmus paper disappears (2 to 3 hours). The washed 
guncotton is either centrifuged again or put to drain in wooden baskets. Although it no 
longer exhibits an acid reaction, yet, as was shogun by J. Tonkin in 1862 and by Abel in 
1865 (m England), it still contains acid or rather unstable feulphiiric esters in the small 
channels of the fibres. 

To separate these remaining traces of acid, the nitrocellulose is rendered stable by 
boiling it lor two consecutiye periods of 12 hours each with water in wooden vats fitted with 
perforated false bottoms (one vat holds even more than 1000 kilos o± the cotton), beneath 
which steam is passed. Then follow four more boilings of 4 hours each with water (formerly 
one or two boilings with calcium carbonate were also carried out), and finally two or three 
boilmgs each of 2 hours with fresh water. This system of washing was proposed by 
Dr. Robertson and employed with advantage in the Government Factory at Waltham Abbey ; 
it lasts altogether 48 hours, is preferable to that in which the boilings are short at the 
beginning and long at the end, and especially to that where boiling with soda is interposed, 
as the soda h^^di'olyses the nitrocellulose and transforms it partially into collodion-cotton 
poor in nitrogen and soluble in alcohol-ether. 

Some of the boilmg may be dispensed with if the nitrocellulose is steamed in closed vats. 



Fig. 193. 


PULPING. In spite of all the washmg and fooihng to which it is subjected, the guncotton 
persistently retains a trace of acid, and to remove this, the cotton is thoroughly defibred 
(pulped) as was proposed by Tonkin and by Abel in 1865. This operation is carried out m hol- 
landers similar to those used for the preceding washmg and identical with those used in the 
manufacture of cellulose for paper (see later, section on Paper, for figures and cross-sections). 

Pulping lasts from 5 to 8 hours, accordmg to the fineness required, but if it is incomjfiete, 
inconveniences are met with in the subsequent compression, the desired density not being 
attainable ; also if pulping is carried too far, the compression is disturbed in another 
way. Guitmann proposed the use of hot water in pulping, and tliis possesses several 
advantages in addition to saving time. In the large wooden vats, as much as 200 kilos 
of guncotton can be treated at one time. In some cases a little calcium carbonate is 
added to guncotton to preserve it and to neutralise any residual acid ; it is added in powder 
just before the completion of pulping. 

If the guncotton thus prepared does not answer the rigorous tests to which it is sub- 
jected (see later, Tests of Stability), it is rendered stable by agam boiling it for some hours 
with water in large wooden tanks (sometimes Imed with lead), jets of steam, and also of air to 
keep the mass moving, being passed in. In order to separate the water, the mass is placed 
in suitable centrifuges fitted with drums of fine metal gauze entirely surrounded by linen ; 
in other cases, the water is separated as in paper-mills by placing the mass in chambers 
having perforated brass floors covered with cloth, the pulp drained in this way being fihaliy 
centrifuged. The water separated from the pulp is allowed to stand in suitable vessels 
to deposit the finer fibres it has carried away. After centrifugation, the pulp contains 
about 25 to 30 per cent, of water and in this state it can foe kept safely in zinc boxes, in 
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^villcll it can be traii.^ ported if it is slightly compressed and the coaxt of the box soldered. 
If properly prepared, guncotton should not contain more than 3-5 to 4 per cent, of collodion- 
cotton (soluble in alcohol-ether), but in England 7 to 8 per cent, is allowed. 

COMPRESSION OF GUNCOTTON. For military purposes, that is, for cartridges 
and for the blocks used for charging toipcdoes. the still moist guncotton is strongly com- 
pressed to render it safer and more powerful oivmg to the increased charging density 
{see a6ore), Avliich reaches the A^alue 1*2 uitli pressures of 500 to 1000 atmos. Fig. 194 
shows in section a Taylor and Challen hydraulic press used for this purpose ; this is set 
up m an isolated room and can be controlled from a distance so as to aA'oid any great amount 
of damage in case of explosion during the compression, this mostly happening if any hard 
foreign body chances to be present in the guncotton. 

To obtain the greatest density, the pulp is first washed A\ith hot water and slightly 
compressed in the mould, cL by means of the lever, the water being dravm atvay under 
the perforated base, c (covered ttith steel gauze), by a pump connected tvith the tube, b. 



Fig. 194. 

The partitions, Z, are raised and the mould passed tlirough an aperture in the wall, 31 
(AA’hich serves as a protection for the workmen), and thus above the plate, n, of the hydraulic 
press ; this plate is kept horizontal by four columns, S', The mould is raised by the piston, 
Z, of the press so that it is pressed against a die, r, fixed to the cover, q. Tins cover is held 
fast by the four columns so that the die penetrates the mould and compresses the cotton 
under a pressure of 800 to 1000 atmos. The degree of humidity after the compression is 
about 10 per cent., and at each operation a block of 1 kilo is made, the shape being adapted 
to that of the projectile. Thus compressed, guncotton is so hard and compact that it can 
be Avorked quite safely with the plane, saw, or boring tool, a fine jet of AA^ater being directed 
at the point where the cutting is taking place. To prevent compressed guncotton from 
losing moisture and from becoming mouldy, it is dipped in molten paraffin Avax ; or, better, 
it is immersed for a moment in ethjd acetate (or acetone), which dissoh^es a little nitro 
cellulose at the surface and forms a kind of impermeable Ammish. 

The theoretical yield of dry guncotton is 185 kilos per 100 kilos of dry 
cotton ; iiracticaUy 171 to 176 "kilos are obtained. 

USES OF GUNCOTTON. For the charging of toqiedoes, moist com- 
pressed guncotton has replaced all other explosives. It is used also for filling 
grenades, AA^hich are then covei’ed with molten paratfinwax to unite the grenade 
and the explosiA^e ; explosion is effected by a detonator of dry guncotton. It 
is made also into compressed cartridges for use in mines, a cavity being left for 
the detonating cap and the fuse. 
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Mixtures of granulated guiieutton and nitrates are placed on the market 
under the names of ionite, potent lie, &c. Abel obtained beautiful pyrotechnic 
effects by saturating guncotton with solutions of various mineral salt^ capable 
of imparting different colours to the flame. It is sometimes used for filtering 
acids, alkalis, and solutions of permanganate, being resistant to these reagents 
in the cold. Also it is in some cases emtiloyed as an electric insulator and 
for bandaging purulent sores and wounds, being first saturated uitli 
potassium permanganate. 

COLLODION-COTTON FOR GELATINE DYNAMITE, DYNAMITE, AND 
SMOKELESS POWDERS. During recent year.s, a dilierent. le*- nitrated introcellnlo-e, 
coll'jdion-cotton, liiib afe^iimed very great importance in the manufacture of smokele^*- 
explosives. On tlie other hand, guncotton itseli has, of late year'^, been lamely replaced 
by compressed, cry^talllne, or fused ti initrutohienc Part III), e^peclally for military 
and naval purposes. Collodion -cotton was at one tune thought to dinitrucellulose, 
soluble in a mixture of alcohol and ether, but it has now been shown to be a mixturt* of 
various soluble nitro-compounds, which are formed under different conditunis from tlio^e 
yielding guncotton. Collodion-cotton should have a constant nitrogeii-content, and it 
should be readily soluble in a mixture of alcohol (1 part) and ether (2 parts), giving a 
dense viscous solution. If it answers these requirements, it gelatinises nitrogiycenne well 
and dissolves completely m it ; attention is, however, also paid to the time neces-ur\ 
for gelatinisation. 

For photographic plates, extensive use was formerly made of ethereal -alcoholic solution^ 
of soluble nitrocellulose (collodion), and in this case importance was attached not so much 
to the viscosity as to the proportion of nitrocellulose wdiich 'vvoulcl yield an elastic film 
of marked resistant properties. For this purpose, the nitration is earned out at a 
temperature of at least 40^ to 50^, '•o that the re>uitmg collodion is less Viscous ; also 
the nitrocellulose is not pulped. 

The cotton is immersed for bO to 90 minutes in a mixtuia^ of 1 part of fMi per cent, 
sulphuric acid (sp. gr. 1-840) and 1 part of 7o per cent, nitric acid (sp. gr. 1-442) at a 
temperature of about 40°. 

The more concentrated the acid and the more prolonged its action, the higher will be 
the nitrogen-content, but the viscosity will not be decreased ; a high temjierature, however, 
results in diminution of the proportion of nitrogen and also of the viscosity. 

The nitration can be effected in the cold, but more concentrated acids and more pro- 
longed action are then required. After nitration collodion-cotton intended for the 
manufacture of gelatine d^mamite goes through all the operations of -washing, pulping, 
and boiling employed with guncotton. 

Collodion cotton for gelatine d\mamite or smokeless powder must be subjected to a 
drying process. Since the centrifuged pulp still contains 30 per cent, of water, whilst 
nitrocellulose begins to decompose at 70=^ (or even at o0° if badly prepared) and in 
the dry state is very sensitive to shock or percussion, the drying of collodion -cotton con- 
stitutes a very dangerous operation. At one time it w^as dried by means of indirect steam, 
but nowadays it is placed on iron plates heated to 40° to o0°. When dry, it .sometimes 
becomes electrified on rubbing, and this phenomenon explains the frequent spontaneous 
fires formerly occurring in the drying ovens. Guttmann prefers to dry the collodion -cotton 
on copper plates connected with the earth by wares (to discharge the electricity). These 
plates are perforated with conical holes 0-25 mm. wide at the top and 1 mm. at the bottom ; 
strips of leather are used to prevent rubbing of the metal parts. In these ovens, the pulp 
is spread out and is subjected to the action of a current of air heated to 40° (in some cases, 
also dried) and m tw^o ddijs the mass is dry, not more than 0*1 per cent, of moisture being 
then present. The dried material is then carefuUy placed in rubber bags and stored in 
air-tight boxes. 

The drying ovens are provided with alarm-thermometers, which also regtdate the 
temperature automatically. 

Dr^^ing m a vacuum is also employed (especially with fulminate of mercury) and is then 
more rapid and takes place at a lower temperature, while the danger of an explosion 
is diminished ow'ing to the absence of the tamping effect of the atmospheric pressure (see 

p. 221). 
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Collodion -cotton for making ballistite {see latet) should contain 11 -75 to 11*95 per cent, 
of nitrogen, whilst that for ordinary gelatme dynamites contains as much as 12 per cent. 

SMOKELESS POWDERS. Even 50 years ago attempts were made to dimmish the 
smoke produced by ordinary gunpowder by diminishing the amount of sulphur present, 
but its relations to the nitre and carbon cannot be greatly altered. Potassium nitrate was 
then replaced by ammonium nitrate, but this was found to be too hygroscopic ; yet later, 
ammonium pierate was employed with better, but still not satisfactory, results. In 1864 
Schulze prepared a smokeless powder from nitrocellulose obtained from pure wood-cellulose. 
It gave good results with sportmg guns, but was too shattering for use m warfare, and the 
same was the case with a smokeless powder prepared m 1882 by Walter Reid by granulating 
nitrocellulose and gelatinising it superficially with alcohol and ether. 

The true solution of this important problem is due to Vieille, who m 1884 found that the 
shattering action of guncotton could be transformed mto a progressive (or propellant) action 
by destroying the fibrous structure with suitable solutions. To attenuate the rapidity of 
explosion of guncotton it must be made as dense as possible (theoretically the fibre fri'(‘ 
from interstices has the density 1*5) and this cannot be done practically with fibrous 
cotton (even when pulped) as a pressure of 4000 atmospheres would be necessary. Vieille, 
however, dissolved or gelatinised the nitrocellulose and then recovered it by evaporating 
the solvent. 

With the smokeless powder prepared by Vieille in 1885 the velocity of projectiles from 
cannon was increased by 1 00 metres per second over that obtained with ordinary powder, the 
pressure in the cannon being the same in the two cases ; hence guns of smaller calibre 
could advantageously be employed. 

This amounted to a revolution in the region of ballistics, since, in addition to the advan- 
tages of no smoke or ash, and of the use of lower calibres, there was also the possibility of 
charging empty projectiles with these explosives, which are made and kept so safely. 
Gelatinisation is effected by solvents of nitrocellulose, i.e. by ether, acetone, ethyl acetate, 
nitroacetylglyeerine, &c. {see p. 223). 

I. SMOKELESS POWDERS OF PURE NITROCELLULOSE. The quantity of 
dry nitrocelliilose (6 to 10 per cent, of the weight of solvent) decided on is introduced into 
the kneading maclime {see p. 243), which is furnished with a cover, the necessary quantity 
of solvent being then added and the kneading continued for 6 to 8 hours ; no danger of 
explosion attends this process. If a mixture of alcohol and ether is employed as solvent, 
less highly nitrated cellulose (collodiou-cotton) may be used ; the 30 per cent, of water 
in the moist, centrifugated collodion-cotton is first displaced by alcohol and the mass then 
centrifugated again, the amount of alcohol remaining in the cotton being calculated vso 
that the quantities of ether and alcohol required in the kneading machmo may be known. 
This procedure offers the great advantage of avoiding the very dangerous drying of tiic 
collodion -cotton. When the gelatine in the Imeading machine is homogeneous and cold, 
it is taken to the rolls, which are similar to those employed for ballistito {see later). 

The principal object of rolling is to increase the density of the gelatine and to give it 
a uniform composition. It is carried out between ordinary cylindrical rolls with increasing 
pressure, so that with repeated rollings between different rolls, sheets varying m thickness 
from half a centimetre to a fraction of a millimetre can be obtained. The rolls are heated 
by means of steam to a temperature not exceeding 60°, so that the solvent is gradually 
eliminated from the whole mass. One of the most commonly used rolling machines for 
thick sheets is shown in Eig, 195 and one for thin sheets m Eig. 190. In Eranco preference 
is given to hydraulic presses which give a still more uniform product. 

The thin sheets can then be cut mto fine strips by means of rollers with superposed 
knives, as shown m Eigs. 197 and 198. Some machines give a product like cut tobacco. 
If the strips, as they issue from the machine, are passed under other cutters perpendicular 
to the first, pieces of various lengths or cubes can be obtained which are convenient to carry 
and to use. 

Since these smokeless powders still contain small quantities of free solvent the cut 
pieces arc dried in a well-ventilated oven at about 40°. This drying is now carried oui/ more 
rapidly and with less danger in a vacuum {see p. 239). 

II. '^ SMOKELESS POWDERS OF NITROCELLULOSE AND NITROGLYCERINE. 
A. As we have already seen, in doalmg with the theory of explosives, the explosion of 
nitroglycerine is accompanied by the liberation of unused oxygen 5 on the other hand, it 
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Ls known that guncotton does not contain sufficient oxygen for the complete combustion 
of the carbon and liydi’ogen present in the nitrocellulose molecule. 

In 1875, A. Nobel conceived the happy idea of associating the two substances b}’^ dis- 
solving in nitroglycerine a certain quantity of soluble nitrocellulose, that is, that u&ed 
in the manufacture of collochon. This procedure gives gelatines of varying consistency 



Tig. 195. Fig. 196. 

according to the quantity of nitrocellulose (collodion-cotton) dissolved. Blasting gelatine 
is made from 90 to 93 per cent, of nitroglycerine and 7 to 10 per cent, of dry collodion - 
cotton ; gum dynamites, on the other hand, contain about 97 per cent, of nitroglycerine 
and 3 per cent, of collodion-cotton, and when they are mixed with about one-third of their 
weight of absorbent substances (wood-meal, rye-flour, sodium or ammonium nitrate) they 



Fig. 197. l?i»- 198- 

form the gelatine dynamites, which are still plastic, although less so than the gum dynamites, 
and are also less violent and hence serve well for mining purposes. A common type of 
gelatme contains, for instance, 62-5 per cent, of nitroglycerine, 2*5 per cent, of collodion- 
cotton, 25*5 per cent, of sodium nitrate, 8*75 per cent, of wood meal, and 0*75 per cent, of 
sodium carbonate ; it has a specific gravity of 1*5, is exploded with a No, 1 fulminate of 
mercury cap, and is sold in Austria for No. I dynamite, whilst gelignite is sold for No. II 
dynamite and contains 45 to 50 per cent, of gum dynamite and about 50 per cent, of 
absorbents as above. 
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At Christiania a non -congealing gum dynamite is made from blasting gelatine and a 
little nitrobenzene and ammonium nitrate ; it has a specific giavity of 1-49 and is less 
effective than the gelatine dynamites. 

For military purposes (torpedoes, cannon, &c.), as much as 4 per cent, of camphor is 
added in Italy, Austria, and Switzerland ; these gelatines arc thus rendered insensitive 
and very safe, and they require special detonators (e g. a mixture of 60 per cent, of nilio- 
glycerme and 40 per cent, of collodion -cotton or compressed guncotton). 

In certain commercial products the collodion-cotton is replaced by nitrated wood or 
straw, while nitrobenzenes, nitrotoluenes (especially liquid dinitiotoluene), &c., are used 
instead of nitroglycerine.^ 

Gelatine and gum dynamites have the appearance of plastic masses, the latter, winch 
has the sp. gr. 1-6, being especiall}^ horny and translucent. Gum dynamite sometimes 
exudes a little nitroglycerine and so loses m shattering force ; when heated for a long time 
at 70°, it swells up, becomes spongy and decomposes with formation of red, mtious vapours ; 
it sometimes ignites in metal boxes when exposed to the sun. It is less sensitive even than 
dynamite (about six times less) to percussion and special caps of gelatine dynamite are 
required to explode it. It serves well for use in war, since it is insensitive to discharges, 
and to render it still less prone to detonation by influence it is mixed with a little camphor. 
When 20 per cent, of collodion -cotton is dissolved in nitroglycerine, a gum dynamite is 
obtained which is not exploded by the most powerful caps. And ballistite, winch contains 
30 to 50 per cent, of collodion-cotton, requires special detonators. After freez ng and 
thawing, it becomes more sensitive and dangerous, as is the case with dynamite. It has a 
greater shattering power than dynamite and acts better than this under water, winch does 
not wash away the nitroglycerine so easily. Exudation of nitroglycerine occurs more readily 
than With dynamite and causes some degree of danger. It is used as a basis for the manu- 
facture of smokeless pow^der. Gelatine dynamite is safer to handle and store than ordinary 
dynamite, which it is largely replacing. 

The manufacture of these gelatinised dynamites requires collodion-cotton, which is 
very carefully prepared and is completely soluble in a mixture of alcohol and ether, in 
addition to which it must possess as great a proportion of nitrogen as poshible. When it 

^ It IS impossible at the present time to compaie the vaiioiis commercial brandb of dynamite of different 
countrie.' or even of one country, so vaiied are the types and the ratios of the components, sometimes when the 
commercial name is the same Thus Ko 1 ammonia dynamite (French) contains 40 per cent ol nitroglvci'i'jne, 
45 per cent, of ammonium nitrate (this, when pure, is not hygroscopic), 5 per cent of sodium nitrate, and 10 per (‘ent. 
of wood-meal or wheat-flour, the No 2 quality of the same biand contains 20 per cent of lutroglyei'rnuN 75 pin 
cent, of ammonium nitrate, and 5 per cent of wood-meal In Germany,i\\o name Gelatine Dynamites is given to 
all inixtuies prcpaied from explosive gum (96 per cent nitroglycorme gelatinised with 4 per cent, collodioii-eoiton 
and a nitre-base as absorbent. In England, however. No 2 gelatine dynamites aie called gelignites, and ii\(' oftim 
formed of 65 per cent of the gum and 35 per cent of absoibents (75 pei cent nitie, 24 pei cent, wood-meal — wood- 
pulp used for paper, in a dried state — and 1 pci cent of soda) In Austna, dynamite I is mad(‘ tioin 65 5 pc‘i 
cent, of nitroglycerine, 2*1 per cent of collodion-cotton, 7*41 pei cent of wood-nu'al, 24 85 per ciMii. of nitre, and 
0 26 per rent, of soda ; dynamite II contains 46 per cent of nitroglycerine, At , and dynamite II A, 38 ]jer cent , 
of nitroglycerine, &c. In France, gelatine dynamites are called gums, and aic piepaied in very varunl forms, 
e.p. gum MB vith 74 per cent, ot nitroglycerine, gum JD with 69 5 per cent, and gum E with 49 ])ei emit ; 
then theie are dynamite gelatine 1, 2«, 25, and 2c (the last with 43 pei cent, of mtioglyceriue, etc ), etc In 
Belgium, gelatine dynamites are called /oiafcs , forcite ext) a contains 74 pei cent, of mtioglycenne, 

64 per cent., forcite No 2, 36 per cent., etc 

In England the types most commonly used arc : dynamite No. 7, with 75 poi cent ot mtioglyeerine ; gelignite 
with 65 per cent of gelatinised nitroglycerine (97 per cent of nitroglycerine), 25 per cent, potassium inlrati' and 
10 per cent wood-meal ; Masting gelatine with 93 per cent of lutioglycerme and 7 pei ci'iit. of collodion-eotton ; 
gelatine dynamite with 80 per cent, of gelatinised nitroglycerine (with 3 per cent, of collodion-cotton), 15 per emit, 
of potassium nitrate and 5 per cent of wood-meal. 

In Italy there is dinamite-gomma A (or simply gomma A, corresponding with the French gomme exfrn-foi'te) 
formed from 92 per cent, of nitroglycerine and 8 per cent, of collodion-cotton ; gomma B (corn^sponding with the 
French gomme a la soude) with 83 per cent, of nitroglycerine, 5 per cent, of coliodion-cotton, 8 per cent, of sodium 
nitrate, 3*7 pei cent of wood-meal, and 0 3 per cent of sodium or calcium carbonate oi ochre. ComnKU'cially, 
however, the strength is gi\pn in terms not of mtioglyeerine but of gelatine, that is, the starting material is taken 
as a gelatine foimed by gelatinising 94 per cent of nitroglycerine with 6 per cent of collodion-cotton, to which 
are then added the various absorbents ; thus gomma B contains 88 per cent, of gelatine (equi valent to 83 jn*!’ cent, 
ot mtioglyeerine). „Iii Italy the old kieselguhr dynamite is no longer used and is replaced by llio so-called gelatine- 
dinamiti, which are marked with various letters and numbers , thus No 0, containing 74 per cent, nitroglycerine, 
5 per cent collodion-cotton, 15*5 per cent, sodium nitrate, 5 per cent, wood-meal, and 0 5 per cent, carbonates ; 
G.B.No. 1, with 70 to 72 per cent, nitroglyceime, &c. ; G. J>. No 2, with about 4S per cent, mtroglyeeime , and 
dinamit No. 3, with 25 per cent, nitroglycerine, 54 per cent- sodium mtiate, 19 per cent, wood-meal and cellulose, 
and 2 per cent, soda and yellow ochre. During recent years theie have also been prepared in Italy gelatine- 

mifi — suggested by Dr. Leroux — with 8 to 10 per cent, of the nitroglycerine (of No. 1) replaced by as much 
liquid (.initrotoluene, which gelatinises cotton well and gives non-congealing dynamites, more economical and almost 
as poweifuJ as, sometimes more powerful than, the corresponding gelatine dynamites ; these act well in open mines, 
but give laige quantities of unpleasant fumes, and hence are unsuitable for use in galliaics, 
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is not well prepared, altliougli it dis&olTes in alcohol and ether, it not icadily and entnelj 
soluble in nitroglycerine, or it does not retain the latter completely for a long time. The 
quality of the collodion-cotton depends, then, on the choice of a good cotton and on exact 
conditions of nitration — duration, purity of acids, temperature. 

This should then be finely subdivided [pulped) and dry, so that it can be passed tlirough 
a fine sieve before being mixed mth the mtioglycerine, in which it does not chsFolve well 
if moist. This operation of gelatmisation and knegdmg is termed m Trench petnnage. 
The necessary qiiantit}" of nitroglycerine is placed in wide, shallow vessels of copper 
or lead heated externally by hot water (50° to 60°). After 30 to 60 minutes, 

when the temperature has reached 
45° to 50°, the required amount of 
dry, powdered collodion - cotton is 
added in small quantities and mixed 
now and then with a wooden spade. 
It is then left for a couple of hours 
and afterwards thoroughly mixed b}" 
hand, just as dough is mixed, so as 
to form a homogeneous, soft paste ; 
this, on cooling, forms a more or less 
hard, elastic, translucent gelatine 
which constitutes the gelatine or 
explosive gum. If, instead of col- 
lodion-cotton alone, absorbents are also used, gelatine dynamites are obtained ; these 
are converted into rolls and cartridges with the machmes already described (p. 230). 
When the gelatine is not intended for the manufacture of ballistite (.see latei), the 
conversion into cartridges is effected by means of an xlrchimedean screw machine 
(houdineuse), similar to sausage -making machines (Fig. 199). 

The mixing for causing gelatmisation, especially if other substances besides collodion - 
cotton are added, can be carried out m 
mechanical kneadmg machmes (Fig. 200) 
mounted on a wooden platform, h, which 
can be raised by screws and cog-wheels, 
g, e, and A, resting on supports, aa ; on 
this platform is a double-walled, copper 
pan, %j, which can be surrounded with 
hot water and can be moved on rollers. 

Above are the bevel -wheels and pulleys 
for working the stirrers, g and r. The 
nitroglycerme is first heated to 50° by 
raising the temperature of the water m 
the jacket of the copper pan, the latter 
being then raised so as to submerge the 
stirrers ; the ingredients necessary to give 
the required type of gelatine dynamite are 
then added. Mixing is complete in an 
hour. Other forms of kneadmg machine 
are used, e.g. the Werner -Pfleiderer ma- 
chine, which is employed for smokeless 
powders and for bread-making. After 
cooling, the plastic dynamite, which has 
a yeUowish, translucent appearance, is 
removed from the kneading machine to 
a separate building to be converted into cartridges. This is done in special machines 
[houdineuses) (Figs. 201 and 202), furnished with endless screws, which force the dyna- 
mite or gum from a hole, B, in continuous rolls, these being collected in definite lengths 
in a casing of parchment paper or paraffined paper, (7. 

B. Military Smokeless Powders. These approach the gum dynamites in character, 
but contain more collodion-cotton, so that they are safer towards shock and useful as 
propellants (only slightly shattering). 




Fig. 199. 
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The most important type is that prepared by Nobel in 1888 imdcT tlu^ name of hallidite 
(atter he had been preparing since 1878 gum dynamite by gelatimsing nil roglyeerine •with 
(i to 10 per cent, of collodion-cotton). BaUistite contains about 50 per cent, of mtioglycermo 
and 50 per cent., or even more, of collodion-cotton (with 11-2 to 11-7 per cent. N). To 
incorporate these two substances thoroughly and so that there is no danger in the subse- 
quent operations, use is made of Lundholm and Sayer’s process, by winch tlie constituents 

are united in presence of a liquid able to 
dissolve neither of them. I'liis liquid is 
merely water, 0-5 to 1 per cent, of aniline 
benig added to fix the acids liberated and 
thus increase tlic stability of the ballistite. 

The pulped collodion -cotton, contain- 
ing 30 per cent, of water, as it comes from 
the centrifuges (after boiling) is introduced 
into a cylinder of sheet-lead containing 
water at 60°. The mass is well stirred by 
compressed air and the finely divided 
nitroglycerine passed in by means of a 
compressed-air injector. The agitation 
is continued until all the nitroglycerine 
IS incorporated with the cotton, none 
remaining suspended in the water. The 
mixture is left m this condition for some 
weeks and is then centrifuged. It is next 
rolled at 40° to 50° m various macliines 
similar to those shown in Figs. 195 and 
Fia. 201. P* sheets thus obtained 

are then cut into strips, wires {Jihfo, 
cordite ^), cubes, granules, or shreds {lanite). The granulated smokeless powder thus 
obtained is sieved, and if in large strips these are sifted by hand ; it is then placed in llie 
drymg oven, while the scraps are softened in a warm bath and again pressed. Ballistite 
is almost brovm in colour, has a sp. gr. 1‘63 to T65, and is practically unaliccted by 
moisture ; it inflames at 180° without exploding. The gases formed in its explosion 
contain no nitrous vapours and do not corrode the firearms. 

With some smokeless powders, attempts have been made to replace the nitrocellulose 
b}^ nitrated starch and the liquid 
solvents by the corresponding va- 
pours, but no advantage has yet been 
procured in this way. Explosive 
gelatines can also be obtained by 
addmg metallic nitrates (of barium 
or potassium) to collodion-cotton ; 
these have diminished power but 
possess the advantage of being readily 
inflammable. Mixtures of collodion - 
cotton and nitropenta-erythritol have 
recently been prepared for the use 
of large -bore artillery. 

PROPERTIES OF SMOKE- 
LESS POWDERS. Those formed of nitrocellulose alone are hard ; ballistite 

^ IS a smokeless xiowder in filaments like hollow twiiiC, Bloderu cordites contain 65 p('r cent oigmicotiun 

(not collodion-cotton), 30 per cent, of nitioglycenne, and 5 per cent of vaseline. Guncotton, which is iin- 
soluhle (to the extent of 90 per cent ) in alcohol, ether, or even nitroglycerine, can also be gclatmised by the act ion 
of a common solvent, e g acetone, which gives a colloidal solution pensisting even after evaporation of the solvent 
The dry guncotton is first mixed by hand with nitioglycenne, the mass being then introduced into an ordinaiy 
kneading machine, ■which is of bionze and is jacketed to allow of •water-cooling ; the acetone (20 kilos per 100 kilos 
of the paste) is then added and kneading contmued for at least 3 hours, after which the vaseline is mixed m for 
some time The mass tends to heat and must be cooled. At the end ot the operation, lumps of the paste, roughly 
cylmorical in form, are introduced into the cylinder of the cordite press, which is similar to that used for making 
macaroni. The threads of varying thickness, length, and shape of cross-section thus obtained are then dried at 
40° for 5 to 8 days. 
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MELINITE, LYDDITE 

IS not so hard, and even in thick strips can be bent and then broken like 
a A^ery hard paste. They are very resistant to the action of Avater and 
so have a great adA^antage oA^er ordinary poAA^Iers, Avhich are destroyed by 
AA^ater. They also possess the adA^antages of a high density, 1-6 or more 
(see X). 218). 

Whilst Vieille’s smokeless poArder (gelatine of jiure guncotton) AAithstands 
all ordinary conditions of temperature and moisture, ballistite, on the other 
hand, gradually loses nitroglycerine and so undergoes change of its proxierties 
if the humidity of the atmosphere oscillates much. But these conditions are 
rarely met AAuth in practice, and ballistite is used not only by the Italian army 
and naA-^y, but also by other GoA’-ernments, and is in some AA'ays superior to the 
cordite used in the English and also, to a certain extent, in the Italian armies. 
Ill 1906, the proportions of the components of cordite AA^ere A^aried slight I a* 
and the form altered to that of ribbons, being then knoAAm as axite. 
Smokeless poAA^ders AA’ithstand the bloAA” of a projectile and recjuire special 
detonators, fulminate of mercury not giAung good results. They are exploded 
by compressed guncotton caps, AA'hich in their turn are exx^loded by fulminate 
of mercury. 

If accidentally ignited, smokeless poAAxlers are not A^ery dangerous, since 
they do not explode, but regard must be x>aid to the A^ery high temperatures 
(aboA’-e 3000°) x^i'oduced, as these AAill melt iron, stone, &c. 

POWDERS WITH PICRATE BASES. As early as the fifteenth centuiy an alchemist 
obtained an expiosiA^e substance by treating a kind of tar aaiUi aqua regia, but this acquired 
no importance in comparison AAuth ordinary gunpoAA’der. The expiosiA^e properties of 
picric acid and its salts AA^ere studied in the second half of the nineteenth century and assumed 
considerable importance when, in 1886, Turpin prepared melinite from 70 per cent, of picric 
acid and 30 per cent, of collodion -cotton x^reAuously rendeied soluble AAntli alcohol and 
ether ; this AA'as regularly used for some years by the Prench army in x^lace of dynamite. 
At the present time fused picric acid (m.pt. 122°; sp. gr. 1*6) is poured into cartridges 
containing a fulminate of mercury cap and poAvdered picric acid. 

Weight for Aveight, picric acid is less effective than dynam tc, but, measured b}" volume, 
its poAA’er is greater than that of d^mamite, the specific graAuty of A^^hich is 1-5. It has also 
the advantage over dymamite in that it does not freeze, being already in the solid state. 

In England, melinite Avas folloAved m 1888 by lyddite, containing about 87 per cent, of 
picric acid, 10 per cent, of nitrobenzene, and 3 per cent, of vaseline. This is poured in a 
molten state into the cartridges and is exploded Anth ammonium picrate detonators ; 
it is highly resistant to shock. It undergoes decomposition fairly readily, giAring poisonous 
gases. 

These and other picric acid or ammonium picrate explosives have suffered considerably 
in importance since the introduction of the smokeless powders described above. The pro- 
perties and manufacture of picric acid will be described in the section dealing vitli benzene 
derivatives. , 

SPRENGEL EXPLOSIVES. In 1871 H. Sprengel, starting from the fact that explosion 
IS nothing but instantaneous combustion, conceived the idea of preparing explosiAms by 
mixing a readily combustible substance wnth one possessing considerable oxidising pro- 
perties ; the substances separately are not explosiAm but become so when mixed, mixing 
taking place only at the spot \Afiiere the explosh’-e is to be used. 

This idea Avas taken up later by Hellhoff, who mixed nitric acid AAuth nitrated hydro- 
carbons, and more effectually by Turpin and by R. Pictet, who mixed nitrogen peroxide 
(1^2 G4) Avith various nitrated organic compounds and also AAnth CSg {pandastite, fulgurite, 
<fcc.) ; but these explosives never came into practical use. 

Another form of explosive of the Sprengel type is that Avith ammonium nitrate as base ; 
this has been largely used during recent years and is fiAm or six times as powerful as 
gunpowder. 

The most important of these explosives is Favier powder, which, in its different forms, 
usually consists of a mixture of ammonium nitrate and nitronaphthalencs and sometimes 
contains also sodium nitrate {see later, Chlorate Powders). 
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SAFETY EXPLOSIVES (for Mines Rich in Firedamp).^ Firedamp {see p. 33) is a 
mixture of ruethane and air and is formed particularly in coal-mines. It burns at 450° 
and infianies at 650° ; in presence of spongy platinum it burns even at 200°. For ignition 
to occur, a certain time — at least some seconds — is necessary. For instance, at 650° about 
10 seconds elapse before the explosive mixture ignites, whilst at 1000° ignition occurs m 
1 second. Tins explains why, for example, the gases produced at a temperature of 2000° by 
shattering explosives do not always fire the explosive mixture, the explosion occurring 
with enormous rapidity (scarcely measurable). The danger of ignition is diminished 
by decrease of the quantity of gas formed, i e. of explosive used for each charge ; the very 
hot gases produced expand rapidly and become cooled, so that they arc unable to cause 
ignition of the firedamp. Further, if the heat of the gases is efficiently utilised to give 
the maximum amount of mechanical work (splitting of the rock), the risk of firing is dimi- 
nished ; hence follows the necessity of a good tamping for each charge in order that the 
escape of the gases without performing work may be prevented. 

Explosion in the open is more likely to ignite firedamp. The use of a powerful delonaf or 
is advantageous, m order that the explosion may be sharp and rapid. Mine explosives 
should contain sufficient oxygen to produce only CO 2 and not the poisonous CO. 

Instead of calculating the temperature and duration of explosion, it is preferable in 
practice to make direct experiments with small cannons placed against a rock at the bottom 
of a long, wide iron tube or test-chamber (20 cu. metres), containing an explosive gas. 
Discharge of the cannons should not ignite the gas if the explosive is safe. In France it is 
prescribed by law that in mines explosives must be used which give gases of maximum 
degree of oxidation but no inflammable gas (CO, Hg) or solid carbide : further, the calculated 
temperature of detonation must not exceed 1500° (or for certain piercing operations, 1900°). 

Gunpowder, dynamite, and blasting gelatine readily cause explosion of firedamp m 
mines, their temperatures^ of explosion exceeding 2200° (as shown by Maillaid and Le 
Ciiatelier).^ In order to meet the requirements of a safety explosive, various ingenious 
processes are employed to lower the temperature of the gases from the explosion sufficienf ly 
to prevent them giving a flame. The charges are wrapped up and the tamping made with 

^ The fiequent explosions occuniiig in mines have led scientific men during tlic past tlnity yeais to inaKo 
attempts to mitigate their effects and to render them less common Commissions for thispiupos(‘ luue Ix'en ap- 
pointed m Fiance (18S0), Russia (1887), Austria (1891), and other countries In England th(' question ha,s bi'en 
studied hy Macnab (1876) and Abel (1886) , in France by Mallard and Lc Chatclier (1883), AVatt(‘yne, Ae , in 
Germany bj Wmekhaus (1895), very systematically by C E Bichel and Mettcgang (1904-1907), who (I(*\is('(l 
various ingenious foims of indicating apparatus, Beylmg (1903-1907) and Hcise (1898) ; and in Austiia by Suaseh 
(1896), Bohm (1886), Mayer (1889), and Hess (1900) 

The studies of Bichel more especially have shown that the safety of an explosive foi use in mines (('specially 
coal-mines) depends simultaneously on several factors, each of which must Jig witliin definite limits, e.\c*(‘ss of on<* 
of these not being able to compensate for deficiency of another. Thus, for example, ordinary Unch poivde), wliith 
has almost all the requisites of a safety explosive, cannot be employed foi the sole reason that th(' duration oi its 
flame is too long and so lenders it dangeious The principal factors establishing the safc'ty of an explosive are . 
velocity of explosion, temperatuie of the gaseb formed, length of the flame, duration of the flame, quantity of 
explosive used 111 each explosion, &c. 

2 Bjmamitc and especially gunpowder, if exploded without tamping, will certainly ignite firedamp or even llu' 
coal-dust suspended m the an of coal-mmes The dangci is diminished but not excluded by tamping, so that even 
m 1853 the Englishman Elliot suggested replacing the explosives by quicklime, a laige compiesscci chaigo of winch 
IS placed in a ca\ity in the rock , the pipe Irom a pressure water-pump is then introduced and a good tamping 
effected. The wat('r, coming into contact with the lime, increases the volume of the latter 2 to 5 tinu's, and, 
with the steam foimed at the same time, pressures of 500 atmos can be obtained. In 1880 tlie use of lime 
cartridges was fairly geneial in mines, but they were abandoned later owing to the unsatisfactoiy ri'sults givc'n. 
Ko better fortune befell cartridges of quicklime, water, and sulphmic acid, or powdered alumiiiium and sulphiuic 
acid (which develop hydrogen), or chlorine and ammonia compressed separately and then united, or eonijiressed 
explosive mixtures of oxygen and hydrogen. In 1876, the Englishman Maonab suggested tamping gunpowcU'r 
chaiges wnth water, but this did not always prevent explosion of the firedamp ; the same system applied to 
djTiamite by Abel in 1886 gave better results. In some eases, the water is replaced by moist snbsiaiiei's (sand 
moss, Ac ), which yield good results. ’ ’ 

In mines winch give much coal-dust there is the greatest danger of disaster when large charges ( 0 ! mou‘ than 
100 to 150 grnis ) are used, and when the coal contains 22 to 35 per cent, of volatile pioducts 

Although firedamp ignites at 650®, explosives can be used which have a temperatuie of explosion only slightly 
below 2200® (robwiie, 1616® ; westphahte, 1806° ; mrbomtes for coal-mines, 1820® to 1870®, Ac.), Hinci' tin' gases 
cool on expanding. But even these explosives are dangerous if the charges are laigc (above 300 gnns. for lobunic 
and westphalite, and above 1000 gims. for the caibonites), since then a momentary pressure on the air is di'veloped 
(especially if the velocity of explosion is high) and a decided use of tempeiature. Explosives winch in clnirgcs ot 
600 to 800 grms , do not ignite the explosive mixture in the test-chamber, may bo safely used in mines containing 
firedamp. 

Ordinary black powder is, as stated above, very dangerous in such mines. More dangerous still are those 
explosives which cause consideiable dilatation of the leaden blocks {see later, Fig 226, p. 262), and those which 
give, among their products of explosion, carbon monoxide and hydrogen but not oxygen, since these gases on 
burning (lapidly) withdraw oxygen ftom the flame of the explosive and almost stifle it A good safi'ty explosive 
ceases to be such if it is not always prepared with the same care and of equal uniformity from the same materials 
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water or with gelatine containing 98 per cent, of water (or with special sponges saturated 
with, water, &c.). Salts containing much water of crystalliisation have also been used 
for tamping, but without good results, the tamping being simpty projected to a distance 
without evaporation of the water. A safer plan consists in mixing the explosive directly 
with such salts, the water of crystallisation then evaporating with considerable absorption 


Fig. 203. Fig. 204. 

100 grms of Gelatine Dynamite 100 gims of Dynamite (Kicselgulir) 

of heat, at the instant of explosion. Finally, use is made of explosives vnth ammonium 
nitrate as base, the temperature of explosion of the nitrate being only 1130° and the reaction 
occurring thus : NH4iSr03 = N2 + 2H2O + 0. Since, however, the explosive effect of 
ammonium nitrate is small, it is combined with other substances, e.g. with dynamite or 
with Favier’s explosive (ammonite). In some cases, m addition to the nitrate, ammonium 
chloride is used, this undergoing dissociation with absorption of heat from the gases. 


Fig. 205, Fig. 206. Fig 207. 

100 grms. Eoburite 100 grms. Carbonite 100 grms. Gri&ounite 

Various kinds of such explosives give good results, e.g. grUounite, containing 44 per cent, 
nitroglycerme, 12 per cent, nitrocellulose, and 44 per cent, crystallised magnesium sulpliate 
(MgS04 + 7520) ; also rohurite, with 82 per cent, of ammonium nitrate, and 18 per cent, 
of dimtrobenzene ; Nobel’s wetter-dyTiamite, with 53 per cent, nitroglycerine, 14*3 per cent, 
kieselguhr, and 32-7 per cent, magnesium sulphate ; securite, wdth 37 per cent, ammonium 
nitrate, 34 per cent, potassium nitrate, and 29 per cent, nitrobenzene ; westphahte, con- 
taining 94 per cent, ammonium nitrate, and 6 per cent, resin ^ carbonite, with 25 per cent. 
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nitroglyceriiiG, 40 per cent. wood*iTieal, 30*5 per cent, potassiutn nitrate, 4 per cent, barium 
nitrate, and 0 5 per cent, sodium carbonate ; vigorite, containing 30 per cent, nitroglycerine, 
49 per cent, potassium chlorate, 7 per cent, potassium nitrate, 9 per cent, wood-pulp, and 
5 per cent, magnesium carbonate. But even these substances 
are not safe in the absolute sense of the word ; with such addi- 
tions of inert products, the explosives lose in force but gain m 
safety. 

In 1896 Siersch, starting from the hypothesis that the smaller 
the flame produced in an explosion, the safer will be the explo- 
sive, photographed, on dark nights, the flames produced by the 
free explosion of 100-grm. cartridges. As will be seen from 
Figs. 203 to 208, these flames are of value although they are not 
absolutely decisive, since the non-lummous (ultra-violet) rays also 
act on the photographic plate. In Fig. 203 is seen a small 
luminous spot detached from the principal flame, this being duo 
either to the surrounding gas being rendered incandescent by 

100 grms Gelatmo Dy- shock of the explosion, or to subsequent inflaming of the 

uamite, with tamping . i i 

of wet paper gases of the explosion. 



BLACK POWDER (GUNPOWDER) 

This explosive, which was the first to be employed in firearms, and was the only one 
available for military and industrial purposes until after the middle of the nineteenth 
century has latterly become relatively unimportant owing to the discovery of dynamite 
and smokeless powders. 

Ordinary black powder is a mixture of potassium nitrate, sulphur, and carbon in propor- 
tions according to the purpose for which it is required.^ 

For black military powders, used in guns and cannon in Italy, France, England, 
Russia, China, and the United States, the maximum powder is obtained without an excessive 
rapidity of explosion (so as not to injure the gun too much) with 75 per cent, of potassium 
nitrate, 15 per cent, of carbon, and 10 per cent, of sulphur ; in Germany the proportions 
used are 74, 16, and 10 respectively. Until a few years ago erroneous proportions were 
still employed, namely, 61*5, 23, and 15*5. 

The chemical reactions occurring during the explosion of black powder vary according 
as the explosion takes place under pressure or at the ordinary pressure (deflagration). 
In the first case, Abel and Nobel obtained, from 1 grin, of ordinary powder, 0*585 grm. 
of solid products, and 0*415 grm. of gas (258 c.c.), according to the following equation : 
I6KNO3 + 21 c 4-78= I3CO2 -f- SCO + 5K2OO3 + K 2 SO 4 4 - 2 X 383 + 16N,* m addition 
there are formed traces of potassium thiocyanate and thiosulphate, and ammonium 
carbonate, whilst traces of sulphur and nitre remain unchanged, as the proportions taking 

1 It IS stated, but without any real confirmation, that the Chinese knew of gunpowder as caily as the fiist 
century b c , and that they used it for throwing projectiles , moie certain is it that they employed mixtures of 
sulphur, nitre, and carbon to make rockets 

Also the ancient Indians used powders for the preparation of a kind of artificial fiio. Qieol fur, used 111 C recce 
in the seventh century, was obtained with explosive powder and probably originated in China. The Arabs wcic 
acquainted with inflammable mixtures from \ery remote times, whilst true gimpowdor, containing sulphur, carbon, 
and nitre, was prepared by them only in the thirteenth century, probably after they had learnt the nianulaciuro 
from the Chinese. They, however, studied its propulsive properties and constructed the first primitive guns. 

In Germany it is stated that it was the monk Berthold Schwarz (a native of I'reiburg, whole a monument is 
now erected to him) who recognised the power of gunpowdei in about 1320 and used it for the fiist time in Europe 
in firearms , so that the discovery, not of the powder, but of guns for throwing projectiles, is duo to Schwaiz. 
After the middle of the fourteenth century, gunpowder came into use first in Germany, then in Sweden, liussia, 
and elsewlieic for guns and cannons Macchiavelli recoids that by 1386 the Oonoese and Vcnetian.s had Jearnt 
from the Geimans the use of powder with guns. According to L>bri, cannons weic made at Florence as early 
as 1326. The projectiles weie made first of stone, then of stone covered with non ; leaden shot began to be usi'd 
111 1347, and in 1388 IJlrich Beham cast the fiist iron shot, which became general m the fifteenth century The 
mixing of the ingredients to make the powder was first carried out by hand, and it was only in 3525, 111 
France, that powders were graded and granulated, the mixing being effected m veitical mills like those used for 
expressing oil from olives 

® After a series of experiments m Brussels in 1560, the best propoitious for the ingredients were found to be : 
nitre, 75 per cent . ; carbon, 15 62 per cent. ; and sulphur, 9*38 per cent. A thirteentfi-ccntiiry nianiLscript states 
that the Arabs used 74 per cent, nitre, 15 per cent, carbon, and 11 per cent, sulphui. A black powder dating 
from 1627 and discoveied in 1905 during excavation, contained 40 per cent nitre, 24 per coni, sulphur, and 37 
per cent, carbon. In 1800 Berthollet recommended as the most effective proportions : 80 per cent, of nitre, 3 5 
per cent, of carbon and 5 per cent, of sulphur. Bcrthelot has recently calculated the theoretically best pioportions 
to give a maximum development of heat, his results being : 84 per cent, nitre -f- 8 per cent, sulphur + 8 per cent, 
carbon ; this calculation assumes that the reagents are chemically pure, which m practice is not the case. 
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MANUFACTURE OF GUNPOWDER 

part 111 the above reaction are 77*7 nitre, 10*54 sulphur, and 11*86 carbon. With 1 grin, 
of powder exploded at the ordinary pressure, they obtained 0*769 grm. of the same solid 
products, and 0*321 grm. of gaseous products (about 193 c.e.), thus : 

I6KXO3 + 13G + 6S = IICO2 + 2X2003 + 5K2SO4 + K2S + 16hr ; 

traces of other products are also formed, since this equation represents 82*4 per cent, 
nitre, 9*5 sulphur, and 8 carbon. 

Sporting powder should burn more rapidly, and hence contains more nitre and a broim 
wood-charcoal of inferior quality. In different countries the nitre varies from 75 to 78 
per cent., the carbon from 12 to 15 per cent., and the sulphur from 9 to 12 per cent. Nowa- 
days, however, most sporting powders are of the smokeless type 'wuth a nitrocellulose base. 
With minmg powders the production of a large quantity of gas is required, so that the 
amounts of sulphur (13 to 18 per cent.) and of carbon (14 to 21 per cent.) are increased ; 
if, however, the proportion of nitre is made too small, the explosion becomes very slow, 
more CO is produced, and the gases are partly able to escape tlirough the fissures first 
produced towards the end of the explosion, the useful effect being thus diminished. Hard 
rocks require increased rapidity of explosion, but •with tufa or granite (to obtain large 
blocks) greater slowness of explosion is necessary. 

MANUFACTURE OF POWDER. The prime materials should be prepared vdtli 
great care. The sidpJiur should contam no trace of sulphuric acid, so that stick sulphur 
and not flowers of sulphur is used ; if necessary, it is purified by distillation, and should 
yield less than 0*25 per cent, of residue on combustion. At the present time, use is also 
made of the sulphur recovered from soda residues {see vol. i, pp. 1*99 and 473). The 
potassium nitrate cannot be replaced by sodium nitrate, the latter beuig more hygroscopic 
and impure. The nitre should contain less than 1 part of chlorides per 3000, and should 
be free from perchlorates.^ Both English nitre from India and German conversion nitre 
are used, after suitable purification. 

The wood charcoal should be highly’' porous and should burn easily -without leaving an 
appreciable quantity of ash ; ^ in different countries, different kinds of wood are used : 

^ For many years the superiority of English powders could not be explained, and it was attributed to the 
use of Indian nitre, refined in England, whilst all over Europe, conversion nitre, prepared in Germany, was em- 
ployed On the other hand, the Geimans showed that their nitre wus very pure as it contained only 0 5 per cent, 
of clilorides, and they regarded the preference for English powder as the result of prejudice But m 1894 the 
eider Hellich showed that the conversion nitre contained also perchlorate, which was not shoun in the estimation 
of the chlorides Spontaneous explosions of powder m Servia m 1896 w'ere ascribed by Paraotovic to the use of 
iiitie containing perchlorates. In 1897, ICclbetz showed that the perchlorate is not distributed homogeneously 
through the crystals of nitre, but that some of the latter contam more (and are more explosive) and others less ; 
hence the superioiity and uniformity of powders free from perchloiate were explained. The peichloratein nitre is 
estimated by Selckmann’s method (1898) by fusing 5 gims. of the nitre with 20 gims. of pure lead in scales ; the 
fusion is first gentle for 15 minutes until the mass becomes pasty, after which the temperature is raised for a short 
time. The mixture of potassium nitrite, lead oxide, and chlorides is poured into water and the chlorides estimated, 
the excess over the amount originally present being due to the chlorates. 

® Under similar conditions, the readiness with which powder bums is increased by increased combustibility of 
the charcoal. Hence it is necessary not only to use a suitable method of preparing the charcoal, but also to make 
careful choice of the wood to be carbonised. Light, soft wood is preferred, and of the different parts of the plant 
the best are branches at least three yeais old (5 to 8 cm. in diameter) ; the bark is rejected. For powders to be 
used m guns, hazel or breaking bucldihorn {Rhamnus fiangula) or hemp stalks are used, whilst for cannon and 
mining powders, preference is given to white willow (Sahjo dlha)^ alder, poplar, c&c. JSemp-stalJc charcoal burns 
the best, and about 40 parts of it aie obtained fiom 100 of the stalks ; hazel-wood gives only 33 per cent, of 
charcoal. The wood, freed from bark and weU dried m the air for 2 or 3 years, still contains about 20 per cent, 
of moisture When heated out of contact with the air, it evolves combustible gases, but the greater part of the 
wood blackens without burning and forms charcoal It is of importance to determine the best conditions for 
carbonisation. When the temperature is not very high (280“^ to 340°), a light, reddish, readily combustible 
chaieoal is obtained, whilst at higher temperatures a black, denser charcoal is obtained which burns slowly and 
badly, although it is a better conductor of heat and electricity. 

Ilapid carbonisation gives a diminished yield, but the charcoal is lighter and more friable. The charcoal is 
ground just before using, as in the powdered state it is much moie hygroscopic and may also inflame spontaneously. 

Charcoal prepared at 270° is partially soluble m caustic soda solution, whilst it is insoluble if prepared at 
above 330°. 

Carbonisation of wood in heaps or pits is no longer employed, since the resulting charcoal is impure and non- 
imiform, owing to the impossibility of regulating the temperature. So that at the present time powder factories 
always resort to chai ring by distiUatwn, or charring in fixed or movable (flinders, as proposed by the English bishop, 
Landloff, at the end of the eighteenth century. The distillation may be earned out m iixed horizontal cylinders 
(two to each furnace), 1 5 metre long and 0 65 metre in diameter ; but with this arrangement discharging is 
difficult and sometimes the heated charcoal ignites. It is better to used fixed veitical cylinders with openings at 
the bottom for emptying, or movable vertical cylindeis, which can be lotated from time to time during the 
heating. In every cylinder, a space is left for the introduction of a pyrometer to indicate the temperature of the 
wood. The furnace is first heated gently, and after three houis yellowish fumes, composed of water, acetic acid, 
methyl alcohol, begin to distil. After this, the distillation continues ■without further heating of the cylinder 
The gases are led by pipes under the hearth, where they bum at first with a bright red flame and towards the 
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in Spain, flax and vine stalks ; in Germany, breaking buckthorn, the alder, and the willow ; 
in France, the poplar, lime, &c. ; and in Italy, hemp stalks, &c. In some cases, charcoal 
from sugar, dextrin, maize, cork, &;c., is used. Charcoal obtained at temperatures exceed- 
ing 430° is of no use for gunpowder. 

PULVERISATION AND MIXING OF THE INGREDIENTS, In early times the 
ingredients were ground and mixed by hand in mortals, but machine mills were used as 
early as 1350. In the seventeenth century, the use of wooden stamps became widespread, 
but these were the cause of many explosions, so that the vertical mills again came into 
use, the powder being kept moistened with water during grinding. At the present time 
the ingredients are powdered separately, then partial mixtures of sulphur and charcoal, 
and charcoal and nitre, are made, these being finally united and intimately mixed. The 
finer the materials are powdered the better will be the resulting powder. 

The charcoal and the sulphur may be 
powdered in the Excelsior mill (see p. 168, 
Pig. 162), the pioduct then being sieved 
and the coarse particles reground. The nitre 
is received from the refiner m the form of 
flour and only requires sieving. 

The binary mixtures are prepared by placing 
the powdered substances in special iron drums 
(Fig. 209), 1 1 to T2 metre in diameter, and 
0-6 to 1*2 metre long. On the inner periphery 
of the drum arc 12 to 16 transverse ribs, 3 to 
4 cm. thick. Hard phosphor-bronze balls, 15 
to 20 mm. in diameter, are introduced with 
the two substances through the aperture a, 
which corresponds with the hinged cover 
fixed on the cylindrical wooden casing sur- 
rounding the drum. This wooden casing is 
connected with a leather or cloth bag, c, by 
which the mixture is finally discharged into 
the barrels, d, these being closed hermetically 
so as to prevent contact with the air, whicli 
Fig. 209. might cause ignition (see voJ. i, Pyrophoric 

Substances). 

The drum is rotated about 15 to 20 times per minute for 8 to 10 hours, 100 to 150 
kilos of the bronze balls being used per 200 kilos of the mixed substances ; the balls arc 
given a bumping motion by the peripheral ribs and so increase the fineness of the powder. 
When the aperture, a, furnished with a coarse net, is opened at the end, the powder is 
discharged and the balls retained for a subsequent operation [see also the figures of ball 
mills, vol. 1 , p. 512). 

The ternary mixture is prepared by mixing either binary mixture with the thiid con- 
stituent or the two binary mixtures (carbon ■+• sulphur, and carbon + nitre) in the K'quired 
proportions in a rotating cylinder provided with stirrers, or, better, in a drum similar to 
that just described. After this the mass is moistened with water and mixed, and then 
introduced into a stamp null (like that shown m vol. i, p. 514), where it is kept 
moistened (with about 10 per cent, of moisture) without caking. The stamps make 30 to 
60 blows per minute, and their action is continued for at least 12 hours for cannon powder, 
8 hours for mining powder, and 24 hours for sporting powder. The cakes thus obtained 
then pass to the granulating machine. 

In many factories, however, the use of stamps has been abandoned, those being replaced 

end of the distillation with a bluish red flame. When the distillation is finished, the cover of the cylinder is raised 
and the charcoal discharged into suitable movable cylinders, which are immediately closed to cacIucIo the air. 
Into the cylinder, while still hot, another chaige of wood is at once introduced. Each charring lasts at least 10 
hours In three or four days the charcoal is cold and is then removed lump by lump from the cooling cylinders, 
any that is insufficiently burnt being rejected. The colour of the charcoal is coffee-black, the fracture being 
velvety and of the same colour 

An improved process of distilling wood by means of superheated steam, proposed by Violettc in 3 847 and 
peifected by Gossart in 1855, was abandoned on account of its excessive cost. 

In 1899, H Guttler in Gennany suggested the replacement of the superheated steam by hot carbon dioxide 
in order to obtain a rapid charring , attei the operation, tfic mass can be quickly cooled by a current of cold carbon 
dio.xide. 
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by vertical iron runners (Fig. 210) about 1*6 metre in diameter and 40 cm. thick, and 
weighing about 5000 kilos each. They rotate on a very hard iron plate 2 metres in diameter. 
The two runners arc placed at different distances from the central shaft, which is actuated 
by bevel wheels above (as m the figure) or below ; 
suitable scrapers detach the powder sticking to the 
runners, and others bring the powder from the edge to 
the centre and so under the runners. This incorpora- 
tion IS continued for 3 hours m the case of militaiy 
powder and for 5 hours ^yltli sporting powder, the 
velocity of the runners being 10 to 12 revolutions 
per inmute at first and only 1 revolution m 20 
mmntes towards the end of the operation, ro that 
highly compressed cakes may be obtained. About 
every hour the mass is moistened with 1 to 1*5 
litre of distilled water for a charge of 20 kilos, the 
amount of water used depending on the hygro- 
mctric state and tem- 
perature of the air. The 
water dissolves the nitre, 
which IS thus distributed 
uniformly and in a finely 
divided state through- 
out the "whole mass. 

In some factories, 
compression of the mois- 
tened ternary mixtiue p^iG. 210. 

IS effected by means of 

liijdrauhc presses (Fig. 211) between a number of separate 
layers of copper or ebonite, a pressure of 100 atmos. being 
applied for three-quarters of an hour. Tins procedure yields 
vet\^ compact cakes, having the density 1*7 to 1*8. 

It was formerly the custom in France, and is still in 
Germany, to use j oiler-presses [lammoirs) (Fig. 212) formed 
of three- superposed rolls ; the lowest one, (?, of cast-iron, is 
driven directly and transmits the movement to the middle 
one, B, winch is coated with paper ; this then drives the 
uppermost one, A, of chilled cast-iron. The endless band, D. 
collects the mixture falling from the hopper, Ey and carries it 
between B and A, between which a pressure of 15 to 25 tons 
can easily be obtained by means of 
the lever, L, and weights, P, A knife 
is arranged so as to scrape the com- 
pressed powder from the band. 

As a rule, moist compression gives 
a more uniform and also a denser 
mass. 

After compression the cakes still 
contain 5 to 8 per cent ol moisture, 
and they are allowed to stand for 7 to 
8 days in w’-ell-ventilated magazines. 

After this, those from the hydraulic 
presses or roller-presses are first dried 
[see latex) and then granulated, whilst 
those from the stamps or incorporating mills, being less moist, are granulated directly. 

GRAMULATION. Tins operation serves the purpose of preventing the separation of 
the constituents, and of rendering the powder less hygroscopic amd less compact (but not 
less dense), since the combustion of the granules is more rapid than that of the fine 
compact powder ; also, the finer the granulation the more rapid m the combustion and 
the greater the mechanical effect. The finest grains are used for sporting powders, then 
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come those for military rifles, the coarsest grains being for cannon. If sporting ])u\vder 
were used for military rifles, the barrel would wear out rapidly and might even sjflit. 

It was only after 1445 that powder for artillery was granulated, it being found that the 
effect was greater than that of the non -granulated and non-compressed powder. Com- 
pression with stamps or rolls came into general use in France after 1525, the compressed 
mass being then broken up with wooden hammers and granulated ; for tins purpose, the 
mass was spread out on a large sieve and covered with a heavy disc of wood, the sieve being 
then rotated and oscillated until all the powder passed through it in grains. 

Later the Lefhre graining machine 
was devised, and this is still m use m 
Franco and Germany ; this machine 
grades the grains into different sizes 
and also eliminates all dust, powders 
showing more regular and rapid com- 
bustion being thus obtained. 

This machine (Figs 213 and 214) 
consists of an octagonal board with 
sides, a, having a diameter of 2-5 
metres and suspended from the ceiling 
by 8 ropes, 5. This receives a circular 
motion by mi'ans of an eccentric 
formed of a vertical shaft, r, with an 
elbow-jomt. This shaft is rotated at 
the rate of 75 revolutions per minute 
by the cog-wheels, B. On the board 
are fixed 8 or 10 triple sieves, 8, to 
which the powder to be granulated is supplied by leather or cloth tubes, e. Ihe powder 
falls on to the first wooden sieve, A (Fig. 214), with a mesh of 3 to 4 mm., the coarse lumps 
being gradually broken by a disc of wood, r, weighing 700 grins. Ric grams then ]>ass 
on to a second sieve, B, of metal, 3 to 4 cm. below, and then to the lowest one, 0, whicli 
IS of hair and retains the grams of the required size, whilst the dust falls into D and tlitmcc 
through the leather pipe, into the barrel, p ,* the uniformly grained powder is discharged 
into q through /. 

More common at the present time is the granulating machine with fluti'd rolls, first 
suggested in 1819 by the Englishman, Colonel Congreve, and subsequently im])roved m 
various ways. This machine (Fig. 215) consists of several pairs of bronze rolls. A, B, t\ 
fluted longitudinally and transversely. The lumps 
of powder from the breaker, F, are raised to E by an 
endless band, and fall on to the first rolls. A, furnished 
•with small pyramidal teeth projecting 10 mm., then on 
to the second rolls, B, with finer teeth (3 mm.), and 
finally on to the smooth rolls, C, which give the 
powder the appearance of shining scales. The dis- 
tance between the rolls is adjustable, and the teeth 
are kept clean by means of a brush. The granulated , 
powder falls on to a series of superposed sieves, 8, Fio. 214. 

which are oscillated at the rate of 150 vibrations per 

minute, and so grade the powder, the final dust being discharged at m. Jfiastmg poAvder, 
which has the size of peas, is not passed through the smooth rolls. By varying the mesli 
of the sieves, grains of any desired magnitude are obtainable. Congreve’s granulating 
machine gives a yield four or five tini’es as great as that of Lefevre (for the sauui con- 
sumption of power) and also forms less dust, 

DRYING. The granulated powder is sometimes dried by spreading it out in layers 
5 cm. deep on cement floors exposed to the air and sun and mixing it occasionally witli 
rakes ; this drying is continued until the moisture is reduced to 3 per cent. 

Artificial drjfing, which is independent of climatic conditions, is, however, more com- 
monly used. In early times the powder was placed in copper pans heated directly over 
the fire, hut this led to many explosions ; later it was spread out on cloths in a chamber 
heated by a stove in the centre, but this also was dangerous even when the stov(i was 
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ouiside t]i(‘ chamber. Nowadays drying is generally ehected by air (used lor the lirst 
lime 111 England in 1780) which is heated by a iietMork ol steam-jnpes and is injected into 
a drymg-room containing tlie powder spread on cloth in layers 5 to 15 cm. deep, mxing 
With wooden rakes being resorted to about every two hours. The air passes through 
the powder and is carried off by flues ; the di’png takes 8 to 10 hours. The fire of the 

steam-boiler is at least 100 metres 
from the dr^mig-room. 

Dry powder can he powdered 
between the fingers, giving a pale, 
grey powder, but if not dry it is 
dark and sticks to the hands. In 
some factories the air used is pre- 
viously dried (and is employed 
cold if the nitre present tends to 
effloresce, but hot in other cases) 
by being forced with a fan, J., 
(Fig. 216), through fused, spongy 
calcium chloride or concentrated 
sulphuric acid contained in a 
leaden vessel, D. Thence it passes 
into the chest, E, filled with lumps of quicklime, which holds back any acid carried over. 
It is then heated in the brickwork chamber, B, by a number of pipes, c, supplied with 
steam at d ; the warm, dry air then proceeds through the tube, T\ to the dryuig -rooms. 

The proposal has also been made to dry powder by heating it m a vacuum, but such a 
process is too costly and its efficiency low. Drying need not be complete, since the po'wder 
has still to be glazed. 

GLAZING. The dried grams are rough, angular, and highly porous. In order to give 
a brighter appearance to the powder and to render it more uniform and dense and less hygro- 
scopic, it is treated in 'wooden glazmg drums (Ghampy drums, similar to those used for 
the binary mixtures ; see above) after having been passed through a fine sieve to free it 
from adherent dust. The inner walls of the drum are first moistened and the drum slowly 
rotated while the powder is being introduced until about 300 kilos are present, the velocity 
being then raised to 12 to 14 revolutions per minute ; the finer the granulation the more 
rapid must be the rotation. In this way the powder becomes heated to about 50° and 
assumes a gloss ; care must, however, be taken that it does not become too hot, and towards 
the end of the glazing the rotation must be slackened. A little graphite is sometimes 
added (0-25 per cent.) to render the powder less hygroscopic and more glossy. Glazing 
takes 4 to 5 hours 
for blasting powders 
and 15 to 20 hours 
for sportmg powder. 

Glazmg IS due to 
the rubbing of the 
grains one agauist 
the other. The po'w- 
der is subsequently 
dried completely in 
the usual drying- Fig. 216. 

rooms, or the panels 

of the drum may be opened so as to allow of the escape of the -warm, moist air. 

PoUsh%ng and sorting are carried out, after the glazing and dr 3 ung, to remove the last 
traces of dust and separate the different sizes of grams. For tlaese purposes a battery 
of sieves similar to those of the Lefevre and Congreve grammg machines is used, the 
sieving being repeated several times. The dust contauis about 75 per cent, of carbon. 

PRISMATIC POWDER FOR CANNON. It 'was shown by San Roberto as early as 
1852 that cannon give better results if charged with compressed cartridges of regular form ; 
and the American, General Rodman, proposed m 1860 to make large grains of regular shape. 
The use of such powder was extended m Russia, by General Doremus, and also in other 
countries, but was found to give better results for blasting than for military powder. In 




Fig. 215. 
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England, A-rmstroiig’s grams, m the form of hazel-nuts, met Avith great sueeess and aio 
still used. In 1870, by means of s^^ccial Iiydi'aulio presses (cani-prcsses), Wischnegradsky 
prepared the first prismatic powders, six or seven holes being left in each prism (Eig. 217) to 
dimmish the initial pressure on the cannon and give a more regular combustion. Every 
prism is 25 mm high and 40 mm. in diameter, and weighs 40 grins. ; it has the density 
1*66 and bears the mark C.66. It is used for 15 to 26 mm. guns, whilst that lor larger 
cannon has the same volume but the sp. gr. 1 75 (maiked 0.75). The brown ])rismatic 
powder of BottAvoil of Hamburg has the sf>. gr. 1 86 (C 80), and is used for large camion, 
since it burns slowly, gives little smoke, and keeps wall ; it is prepared with rye -straw 
charcoal and contains 78 per cent, of nitre, 3 per cent, of sulphur, and 19 
per cent, of brown charcoal. 

PACKING. Powder is packed in bags containing from 50 kilos, those 
being placed m barrels or cases coated inside with paper and outside with 
cloth. Each case bears a label of a colour indicating the nature of the 
powder (rifle, cannon, &c,). Sporting powder is placed m tin boxes 
holding 100, 200, 500, 1000, or 2000 grms., these being then arrangi'd in 
cases containing 25 kilos. 

Powder for firing volleys or ball is converted directly into cartridges, 
which are then stored m cases in sawdust, cotton waste, or similar packing. 

CHARACTERS AND PROPERTIES OF BLACK POWDER, it Ims 

a slate-grey colour, and, if too black, either it is damp or it contains too much 
charcoal. Certain military powders have a brown colour, as they are prepared 
with reddish brown charcoal. If rubbed on a sheet of paper it should not leave 
a dirty mark, as, if it does, it contains dust or moisture. When a small heap of 
powder is ignited on a sheet of white paper it should burn rapidly without 
leaving a residue or burning the paper ; if very black spots remain, there is 
excess of charcoal, or if yellow ones, excess of sulphur. On exposure to the 
air, good powder absorbs only 1*5 to 2 per cent, of moisture, whilst as much as 
14 per cent, may be absorbed by inferior powder. If the moisture-content of 
powder is only 5 per cent, it can be removed without damage to the powder, 
hut moister powders cannot be restored to their original strength by drying, 
since the grains become covered with a crust of nitre. The finer the powder and 
the richer in charcoal, the more hygroscopic it is. 

The temperatures of ignition and explosion are the same, and ignition or 
explosion can be produced by red-hot iron or any ignited substance, or with less 
ease by percussion, shock, or discharge. It is more difficult to ignite by a blow 
of iron on copper or copper on copper than by one of iron on iron or brass, or 
of brass on brass, &c. Powder ignites more readily by a spark or red-hot body 
than by a gas-flame. Guncotton burns on powder without igniting it. Different 
powders ignite between 270° and 320° according to the form of the granulation. 

VARIOUS POWDERS. During recent years there Has boon very keen rivalry between 
different makers to prepare new powders for special purposes (even for shooting pigeons '). 
and also blasting powders more economical than black powder. For powders to bo used 
immediately or stored in very dry magazines, the potassium nitrate is replaced by sodium 
nitrate (although this is more hygroscopic) which is cheaper and gives a larger proportion 
of oxygen ; the charcoal has also been partially replaced by other organic substances (tar, 
sawdust, flour, and even horsedung). These powders, often short-lived, are given most 
extravagant names {violette, gunn, fulopite, pyrolite, pudroUte, &c.). 

Chlorate powders, first proposed by BerthoUet in 1785 to obtain greater power and 
containing potassium chlorate instead of nitre, have not been very successful, and oven 
when a part of the nitre is restored, accidental explosions often occur owing to the great 
sensitiveness to shock. In America, Devine (in 1881) retains the potassium chlorate 
but keeps the ingredients of the powder separate until required (as is done with the 
Sprengel explosives, p. 245) ; thus racharock for blasting contains 79 per cent, of potassium 
chlorate and 21 per cent, of nitrobenzene (liquid) mixed sometimes with picric acid, sulphur, 
&c. These powders are rendered less sensitive to shock by mixing with a little wax (e.</. 
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Brank’s powder). In 1896, at vSt. Petersburg, Jevler prepared prometliiis from a solid 
portion (potassium chlorate + manganese dioxide + ferric oxide), and a liquid portion 
(inononitrobenzene 4- turpentine oil + naphtha) ; a factory for this expiosiye w^as erected 
in Italy in 1905, but it was destroyed by a terrific explosion in 1909, ten persons being 
wounded and five killed. In 1901 donnar was placed on the market ; it contains 56 per 
cent, of chlorate and 24 per cent, of potassium permanganate for the solid part, and 16 per 
cent, of nitrobenzene and 4 per cent, of turpent iie for the liquid part. Also nitronaphtha- 
leiie and castor oil (5 to 8 per cent.) are used to render the mixture more stable, e,g. with 
cheddite and with pierrite : 80 per cent, of chlorate + 12 per cent, nitronaphthalene 4- 6 
per cent, castor oil + 2 per cent, picric acid (or. better, 2 per cent, dinitrotoluene), the 
whole being well mixed ; this powder has double the power of ordinary blasting powder. 

More advantageous still are thought to be the potassium perchlorate poivdeis {Xisser 
powder, 1865, contains : perchlorate, 10 5 ; nitrate, 44*5 ; bichromate, 2 ; ferrocyanide, 
1*5; sulphur, 15*5; charcoal, 19 5; and vegetable substances, 6*5 per cent.). Better 
still are those containing ammonium perchh? ate, recently invented by U. Alvisi (7nanlianite : 
72 per cent, perchlorate, 14-75 charcoal, 13-25 sulphur ; Cannel powder : 80 per cent, of 
perchlorate and 20 per cent, of cannel coal ; aemomte, with 48-85 per cent, of ammonium 
perchlorate, and 51-15 per cent, of ammonium picrate ; and the kratites obtained by 
mixing perchlorates wdh nitroglycerine and with nitrocellulose). Perchlorate powdeis 
should be used cautiously, and to render them less sensitive without impairing their 
great shattering power, they are mixed with urea, guanidine, dicyanodiamidine, &c. ; if 
nitrate is added, the chlorine is fixed, and the explosions then obtained are especially 
suited to mines with thin and extended seams. 

In 1905 a patent was taken out for a powder containing 47 per cent, of ammonium 
nitrate, 1 per cent, of charcoal, 30 per cent, of orthonitrotolueno, and 20 per cent, of very 
finely powdered aluminium, the whole bemg compressed under a pressure of 5000 kilos 
per square centimetre, and then moistened WTth nitrotoluene in a water-bath at 67°. 

DETONATORS (Caps, Fuses). Detonators serve to produce explosion of explosive 
substances. Por black powders it is sufficient to produce a spark m the mass by means 
of a heated fuse, but with nitroglycerine or guncotton explosives, neither the fuse nor the 
black powder causes explosion, ignition bemg the most they produce. In these cases 
use is made of fulminate of mercury, which explodes by simple percussion or heat, and 
produces an explosive wave capable of inducing the explosion of these explosives. Moist 
or paraffined compressed guncotton requires more powerful caps of dry guncotton, these 
being then exploded by fulminate of mercury detonators. 

FULMINATE OF MERCURY, (C : N*0)2Hg, the composition and constitution of 
which are given later {see Pulminic Acid), was discovered by Howard in 1799 and studied 
as regards its constitution by Gay-Lussac, Liebig, Gerhardt, Kekule, &c. Its manufacture 
requires great care and exact proportions of the reagents. So long as fulminate of mercury 
is moist it presents no danger, but it must be handled with extreme care when dry. 

It is best prepared by Chandelon’s process : into a glass vessel of about 4 litres capacity 
are placed 100 grins, of mercury, to which are added 1000 grms. of nitric acid of 40° Be. 
(sp. gr. 1-383), the liquid being stirred until aU the mercury is dissolved. The greenish 
liquid is allowed to cool to about 20° and is then poured into a flask of at least 5 litres 
capacity containing 635 grms. of 90 per cent, alcohol ; bumping or fuming of the liquid 
is of no consequence. Very soon the liquid begins to boil spontaneously, to become 
decolorised and to evolve gas and white poisonous vapours (CO, ethyl nitrate and acetate), 
and then yellow vapours of nitrogen peroxide. 

The mass darkens slightly, and when the maximum fuming occurs, 80 grms. of 90 
per cent, alcohol are added a little at a time, and then a further quantity of 55 grms. of 
alcohol, the boiling being thus somewhat attenuated. After it has been left until the 
white vapours have disappeared, there appears on the bottom a voluminous whitish 
powder, which is the fulminate of mercury. The operation lasts altogether 15 to 20 
minutes and should be carried out under a hood with a strong draught, or else the flask 
should be fitted with a stopper and wide delivery tube to carry the vapours to a flue. The 
product is poured on to a filter, washed 10 to 15 times with water — until the wash-water no 
longer shows an acid reaction ^ — and the filter with the fulminate spread out on other 

^ The filtrate and the wash-water are utilised by first neutralising with milk of lime or calcium sulphide (or by ■ 
decomposing with hydrochloric acid) ; from the precipitate the mercury is recovered, whilst witherite is added 
to the liquid to form barium nitrate , the alcohol is recovered by distillation. 
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absorbent paper in the air (not in tlio sun) until it is dry (about 10 ])or cent, of moisture 
remaining). T j diy it completely and safely, vacuuni drying-ovens at a temperature below 
40° are now used. 

Tlieoretically 100 grins, of mercury should yield 142 grins, of the fulminate, but practi- 
cally about 125 to 128 grins, are obtained. In the dry state, it is sold at 9s, 6d. to 12^. 
per kilo ; when not used at once, it is stored under water. If necessary, it can be purihcd 
b}^ dissolving in hot water (solubility 1 : 130), from which it crystallises on cooling. It is 
whitish or sometimes faintly yellow (if a small quantity of HCl or ISTaCl is added to the 
nitric acid used in its manufacture, white crystals are obtained), poisonous and soluble in 
alcohol.^ 

It has an extraordinary shattering power owing to its very great rapidity of explosion. 
It is exploded by a blow or by brisk rubbing, and gives a pressure of 27,400 atmos. When 



Eig. 218. 




heated slowly it explodes at 152°. All objects used in its manipulation must be of wood, 
not of iron. Since it is scarcely ever used alone for preparing caps, but is mixed with 
an equal weight of potassium chlorate and about 25 per cent, of antimony sulpliide, it is 
sometimes, in order to avoid explosion, made into a paste with a thick solution of gum, 
the required quantity being poured into each copper cap (which contain about 1 5 or 20 
mgrms. of fulminate for sporting caps or 1 to 1*5 grm. for caps to be used with dynamite 
cartridges), these being then very carefully dried in vacuum drying ovens. When, how- 
ever, these mixtures are prepared in the dry state, in order to prevent explosion the 
mixmg is carried out in the apparatus shown in Pigs. 218 and 219. In a leather box, e, 
a leather bag, / (the so-called “jelly-bag ”) is suspended by the loops h, attached to the 
gutta-percha ring, g. To the bottom of the bag and to the ring, g, are joined several cords 
on which are threaded rubber rings, alternately large and small. Another cord, n, attached 

1 Analysis of Fulminate of Mercury (Brownsdon’s method) : the fulminate is first purified by dissolving 
it m potassium cyanide and roprecipitatmg it with dilute nitric acid ; it is filtered, carefully dried, and a weighed 
quantity of 0 04 to 0 05 grm. dissolved in 30 c.c. of water One giamme of thiosulphate is then addeni and the 
liquid shaken and made up to 100 c.c with water. The free alkali in 25 c c. of this solution is then estimated 
by titration with N/lO-sulphuric acid in presence of methyl orange as indicator. 
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to the lever, p q s, admits of the bottom of the bag being raised and lowered so as to mix the 
ingredients. When mixing is complete the bottom of the bag is drawn completely up, so 
that the contents fall into the space between the bag and the box and thence into the 
collecting vessel, v. 

The workman is protected from the effects of a possible explosion during the operation 
by a semi -cylindrical wrought-iron screen, t. The caps are then very carefully charged 
by compressing the mixture vnth a suitable machine or press, which gives a pressure 
rising gradually to 260 atmos. (pure fulmmate -wnll stand 7000 atmos. without exploding, 
but in presence of other substances, e.g. sand or coke powder, or other hard body, it will 
explode with a very small pressure). During the chargmg the operative is always sheltered 
by iron screens. 

In general, no attempt is made to economise in detonators, since the explosion has a 
greater and more complete effect if the detonator produces the maximum initial violence. 

The explosion of detonators or caps, and hence of the cartridges or charges of explosive, 
both in blasting and military operations, is effected electrically or wnth fuses. 

Fuses should burn with a definite velocity so as to allow the miners to reach a place of 
safety before the explosion. This requirement is satisfied by the Bickford fuses (devised 
in 1831 by the Englishman, Bickford). These consist of a compact cord prepared in a 
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special manner from jute or cotton threads, which are spun round one another in opposite 
directions and are rendered impermeable by tar or gutta-percha. These fuses or cords, 
5 mm. thick, have an empty central core, which is then filled with finely granulated, com- 
pressed powder. They then burn with a velocity of 1 metre in 90 seconds. To explode 
black powder, it is sufficient to fix the fuse into the mass of the charge, which explodes as 
soon as the flame reaches it. 

For dynamite, gelatine dynamite, and explosive gums or gelatines, use is made of a 
fulminate of mercury detonator ■which explodes a dynamite cartridge, this then causing 
explosion of all the other cartridges (without caps) surrounding it. The fuse is cut clean 
and introduced into the- bottom of the copper cap containing the fulminate, and is fixed 
to the cap by squeezing it with suitable pmcers (Fig. 220). The parchment paper at one 
extremity of the cartridge is then opened and the cap thrust into the cavity left for it 
(Fig. 221), the paper being then tied tightly round the fuse ’with string so that the cap and 
fuse cannot become detached from the cartridge (Fig. 222). 

Ordinary fuses, which are very irregular, are obtained by soaking soft cotton cord "with 
lead or potassium nitrate ; such fuses must be well dried before use, as they are hygro- 
scopic. The cord may also be impregnated with a paste of gum and fine black powder and 
then dried. Almost instantaneous fuses may be made from guncotton. 

The importance of tamping after the introduction of the cap into the charge has already 
been mentioned. 

Electric fuses are used, especially for dynamite and fulminate caps, and serve well for 
producing the simultaneous explosion of several charges, this giving a greater effect than 
separate explosions ; they are also useful in galleries which contain firedamp, as the 
II 17 
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latter would be exploded by a burning fuse. A spiral of tliin platiiiuin wire is fixed in 
oontaot with a little dry guncotton above the fulminate of the cap, J 
wire are connected separately with two insulated wires joined to a sma a ■ tiy, accuinu a 
tor, or hand dynamo, which heats the wire and so causes explosion. Use is otUm eon- 
vemently (since the fragile platinum spiral is elimmated) made of an electric spark 
between two platinum points very near to one another m a mixture ot potassium chlorate 
and antimony sulphide contained in the cap ; in this ease the sparking is efleoted hy a 
device similar to a Leyden jar (Bm-nhardt ex'pkder) which gives a high-tonsion euwent, or 
by one utilising induced currents {Brlguet exploder ) ; these can be placed at a distance 
from the charge by lengthening the conducting wires. ^ j x 

DESTRUCTION OF EXPLOSIVES. In various cases it is necessary to destroy 
explosives, when these have altered or undergone partial decomposition, or when residues 
are left from samples submitted for analysis. With black powder it is sufficient to im- 
merse it m water and so dissolve out all the nitre, and then to burn the barely dry m- 
soluble residue. Water does not, however, destroy nitroglycerine or the various dynamites ; 
with these the caps are carefully removed and also the wrapper (including the parchment 
paper), the cartridges being placed in contact one with the other on a long strip ot paper 
in a field free from stones and away from any building ; they are then sprinkled with 
petroleum and a long fuse, attached to the first cartridge, lighted. In this way the car- 
tridges burn without exploding. With frozen dynamite cartridges which have undergone 
change, it is dangerous to handle them, and they must be very carefully exploded one by 
one in the open with a fulminate cap and fuse. Nitroglycerine can be made into a paste 
with sawdust and burnt as described above. Small quantities of explosives may bo burnt 
in pieces the size of a pea, and small dynamite residues may be decomposed by heating 
on a water-bath and frequently stirrmg with concentrated alcoholic caustic soda solution. 

STORAGE AND CARRIAGE OF EXPLOSIVES. Explosive lactones are placed at 
a distance of about 1000 metres from any dwelling-house or frequented street. The 
ideas underlying the construction of magazmes are very varied. In some countries (Austria, 
Italy, France, and, m part, Germany), the prepared explosives are distributed in a number 
of small magazines far from the factory, and constructed of wood so as to minimise the 
danger from projection in case of explosion ; they are separated by large mounds of earth 
as high as the magazine, so that the explosive wave or projected material may not reach 
neighbouring magazines. Also in some magazines a kind of wide bridge covered with 
earth is constructed over the magazine to annul or attenuate the effect of projectiles falling 
from above. In England, however, it is assumed that, owing to the perfection of the 
systems of manufacture and of chemical and physical control of explosives, explosion is 
not to be regarded as possible, so that large, very solid magazines are built, either wholly 
of cement or partly of iron, the walls being half a metre thick. The distance between the 
separate magazines varies from 100 to 200 metres, according as the amount of explosives 
stored is more than 2000 or 10,000 kilos. The flooring is of wood, and the magazines 
are heated in winter by means of stcam-pipes in order to prevent freezing of the explosives. 
In general there are no windows, hut only double doors and small apertures j «xrtificial 
illumination, which is rarely used, consists of lamps placed outside the apertures or electric 
lamps hermetically sealed with gutta-percha and fitted with several glass coverings ; in 
some cases the electric lamps are immersed in water. 

An y person entering a magazme must wear felt slippers or leather boots without nails. 
The most serious danger is not that of accidental explosion but that of lightning. When 
storms threaten all work is suspended, while the magazines are protected from lightning by 
all the most modern appliances.^ Even the methods of packing explosives and loading 

^ In general the protection afforded hy lightning conductors is due to the fact that lightning is rendered harmless 
if it meets good and sufficiently extensive conductors of electricity. Theio is, however, always gieat danger if 
inside or outside the buildings protected there are large masses of good conducting materials, such as the iron and 
lead pipes of dynamite factories, as these may cause deflection of the lightning even from its path in the lightning 

conductors. . i i i. i. .i 

At the Nobel dynamite factory at Knimmel on the Elbe, there was a great explosion m 1900, lightning striking 
the iron compressed-air pipe and being thus led to the vessels full of nitroglycerine, which consequently exploded. 

EranMin’s principle, according to which a metal rod furnished with points should serve to discharge to earth 
the large electric charges ot the clouds, is not applicable to the protection of explosive factor les, since such rods 
on factories do not discharge the clouds to a sensible extent, but can only serve to conduct the lightning to earth 
after the shock. Much more rational is Earaday^s method of attempting to discharge the electricity of the clouds 
or to conduct the lightning by so many metallic wires as to prevent it from subdividing, no secondary circuits 
which might produce sparks being, however, formed. According to Earaday, the most certain protection against 
lightning consists of a metal cage surrounding or covering the building to be protected, and many military explosives 
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them on 'waggons for transport are subject to detailed regulations : b}" legislation dating 
from 1875 in England and from 1905 and 1909 in Gcrniciny, and in Italy by a scries ol 
laws and regulations of various date^. In every case, a despatch must be preceded b;v' a 
permit and by a warning to all the stations on the route. Explosives are despatched only 
on certain days and in certain trains. In German}", chlorate and perchlorate travel vuth- 
out restrictions. Owing to the great stability of modern explosives, only 6 out of 265 
accidents due to explosives occurred during transport. 

ANALYSIS OF EXPLOSIVES. The quantitative determination of the components of 
black powder is comparatively simple : 10 to 20 grms. of the sample are dried m an oven 
until constant in weight {moisture) and are then extracted with hot water, which dissolves 
the nitre, tins being weighed or analysed separatel}’. From the dried residue the sulphvr 
IS extracted by carbon disulphide in a Soxhlet extraction apparatus. The residue then 
contains the charcoal, graphite, and any impurities (sawdust, mmeral carbon, &e.) winch 
can be identified under the microscope. The density of the powder is determined by 
means of a densimeter, and the size of the grains and the quantity of dust by suitable 
sieves. 

The analysis of dynamites and of smokeless powders is more complicated and must be 
carried out with great care. Li dynamites with ineit bases the x^roportions of nitroglj-cerme, 
moisture, and inert substance are determined: 8 to 10 grms. of the d^mamite, cut mto pieces 
the size of peas, with a wooden or bone spatula, are weighed on a clock-glass and left in 
a desiccator over calcium chloride (not sulphuric acid) for some days until of constant 
weight : the loss in weight gives the moisture. The dried mass is extracted vfith pure 
dry ether free from alcohol, m a Soxhlet apparatus (as m the extraction of fat, ivliich see), 
the heatmg bemg efiected with water at 50° to 60° and the ether subsequently distilled with 
water at 40° to 50° awuy from the neighbourhood of a flame. The nitroglycerine becomes 
turbid when almost all the ether is evaporated, but clear again when the evaporation is 
complete ; the nitroglycerine is dried until constant m wmght in a vacuum desiccator over 
calcium chloride. The residue left in the extractor {Jcieselguhr or other inert matter) is 
dried at 60° to 70° and weighed. It is sometimes sufficient to determine the nitroglycerine 
by difference from the weight of tins residue ; the result is exact enough and the operation 
more rapid and less dangerous. 

Dynamites with active bases sometimes have complex compositions and the analysis is 
not always so easy^ ; in general, the mtroglycerme and collodion -cotton are separated 
from the residue by alcohol and ether, from which the collodion -cotton is precipitated 
with chloroform. 

stores are eflectually protected in this mannei. In 1900, Professor W^eber proposed the protection of the Krummel 
explosives factory by fixing to iron columns galvanised wne-nettmg (88 meshes per &q metre) furnished with 
metal points so as to form a kind of loof a metre or more above the factory. 

The columns are also pioMded at the top with metal points and seive to conduct the electric discharge to the 
earth. In the wires forming the network sharp curves aie avoided in order to facilitate conduction, and hinder 
any divergence of the lightning Above the buildings of the Krummel factory there are 24,000 metres of metal 
wire with five million points, which may contribute m some measure to discharge the clouds, and would certainly 
conduct the lightning to eaith after a discharge The ideal method would consist m using copper wire 1 cm. in 
diameter, but the expense of this would be enormous. The carth-contact is made m wet places with iron plates 
or rails one or two metres under the soil. Also the metal piping (if not replaceable by rubber tubing) and apparatus 
of the various parts of the factoiy aie connected with the earth-conductors of the lightning conductors, so as to 
avoid the formation of spaiks in the discharge of the lightning. 

It has also been suggested that, \vhere possible, the large vessels in the sepaiate buildings should be electrically 
insulated, both from the lightning conductors and from the earth 

1 Por dynamites with active lases (containing nitroglyceime, collodion-cotton or guncotton, nitrates, sawdust, 
A'c ), Stillman and Austin (1906) propose a method of analysis which is briefly as follows : The moisture is 
determined on 10 grms. as above ; the dry mass is then extracted several times m the cold with a mixture of 1 
part of alcohol and 2 parts of ether. The residue (A) is dried and weighed (for its analysis see later), the solution 
being left to evaporate in the cold to 100 c c., to which are added 100 c.c. of chloroform to piecipitate the collodion- 
cotton. The liquid is decanted on to a tared, dry, cloth filter on to -which all the collodion-cotton is brought by 
means of chloroform ; the filter is dried in an oven at 40° and then in a desiccator and weighed (as a check, it is 
redissolved in alcohol and ether, reprecipitated with chloroform, collected on a filter and dried at 40°, the collodion 
bemg then detached from the filter, completely dried on a watch-glass m a desiccatox and weighed). After the 
collodion-cotton is separated, the decanted and filtered liqmds are evaporated m a tarod vessel, dried in a vacuum 
and the remaining nitroglycerine weighed. 

If the nitroglycerine contains traces of nitrates, these are extracted by lepeated treatment with small quantities 
of water, the solution being then evaporated and the nitrates weighed. If along with the nitroglycerine there 
are also resm, parafiin, and traces of sulphur, it is titrated with excess of normal alcoholic caustic soda in the hot, 
the excess of alkali being then determined with normal acid in presence of phenolphthalem : 1 c.c. of normal alkali 
used in the saponification corresponds with 0*0757 grni. of niiroglycerine (m case no resm is present). After the 
titration, the liquid is evaporated almost to dryness to eliminate the alcohol and is then diluted with water and 
shaken with ether m a separating funnel. 

The ethereal solution is separated and evaporated, and the residual paraf&n weighed. The aqueous liquid 
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Tlie resistance to heat of nitroglycerine and of dynamite is determined as with nitro- 
cellulose (see lelow), the nitroglycerine being extracted from dynamite by dis})lacenient 
with water, and the gelatine exjjlosiYCs being mixed with double their weight of chalk prior 
to extraction with solvents ; it should withstand a temperature of 70° for at least 15 
minutes without colouring starch and potassium iodide paper. In contact with sensitive 
blue litmus paper it should not give the slightest reddening, as this would indicate incipient 
decomposition. 

Exudation of nitroglycerine from dynamite, in either the cold or the hot, shows faulty 
manufacture. 

With nitrocellulose^ besides testing its solubility in a mixture of 1 part of alcohol and 
2 parts of ether which dissolves collodion -cotton but not guncotton, the nitrogen is often 
estimated in the Lunge nitrometer (vol. i, p. 460) by shaking with concentrated sulphuric 
acid ; or Schlosing’s method, as used in France, may be employed to ascertain the type of 
into a 150 c.c. flask are placed 25 grms. of pure, powdered ferrous 
sulphate, 0-7 to 0*8 grm. of nitrocellulose, and 70 to 80 c.c. of 
hydrochloric acid ; the flask is shaken and then fitted with a stopper 
tlirough which pass a delivery-tube and another tube convoying a 
current of carbon dioxide ; when all the air is expelled the delivery- 
tube, dipping into a vessel of mercury, is covered with a graduated 
tube filled half with mercury and half with caustic soda solution. 
The flask is then heated to boiling, when the liquid blackens and m 
ten mmutes all the nitric oxide is evolved, the last traces of this gas 
being driven out by a stream of carbon dioxide. The volume of gas 
gives ihe amount of nitrogen. 

The amount of non -nitrated cotton is determined by boiling 5 grms. 
of the substance with a saturated solution of sodium sulphide, the 
liquid being decanted after a stand of 24 hours and the treatment 
With sodium sulphide repeated ; the residue is finally collected on a 
tared cloth filter, washed with boiling water, then with dilute hydro- 
chloric acid and lastly with boiling water again ; it is then dried and 
weighed. 

The resistance to heat (AheVs heat test) of nitrocellulose is of im- 
portance, as it serves as a control during manufacture and is used also 
as a test for nitroglycerine : a wide-mouthed glass flask, A (Fig. 223), 
20 cm. in diameter, and with no neck, is almost filled with water and 
is covered with a leather disc pierced by four holes provided with wire 
clips for holding test-tubes ; the flask is heated below by a small lamp, F, placed under a 
metal gauze and surromided by a screen, D. The central aperture carries a thermometer, 
and one of the others a thermo -regulator (if necessary )j whilst in the remaining ones arc 
placed test-tubes which contain the nitrocellulose (1 to 3 grms.) or nitroglycerine (2 c.c.) 
and dip mto the water. Each of the stoppers of the test-tubes is fitted with a hook 
of glass tubing on which is hung a piece of starch-potassium-iodide paper moistened at 
the upper part with a drop of dilute glycerine. 

The temperature of the bath is maintained at 64° to 65° or at 80° to 82°, according 
to the commercial requirements of the explosive. The test is finished when a faint brown 
coloration appears at the edge of the glycerine. A good guncotton will withstand heating 
at 80° for half an hour without browning the paper. 

after separation of the ethereal solution, is heated with a little bromine to oxidise the sulphur ; it is then 
acidified with HCl, boiled, and the usin collected on a tared 'filter, whilst in the filtiatc the sulphm-ic acid formed 
by oxidation of the sul'pMr is precipitated with Badg. 

The nitioglycerme may be estimated by difference, by subtracting from the oiiginal weight the insoluble icsidue, 
A, the paraffin, the resin, the small amount of sulphur, and the nitrates. 

The lesidue, A, insoluble in alcohol and ether {see above), is extracted with hot water ; the undissolvcd part 
is dried at 70° and weighed {B == sawdust -f sulphur -f* any insoluble mineral substances) ; the sulphur m extracted 
with carbon disulphide, and weighed, this weight subtracted from B giving the sawdust, from which also the weight 
of ash left aftei calcining is subtracted if inorganic substances are present. 

The aqueous solution obtained from A is evaporated, dried at 110° and weighed (C ~ nitrates + carbonates + 
any woody extract) , it is then treated with a little nitric acid, evaporated, dried and weighed (D) ; from the 
difference between G and D the COa evolved and hence the carbonates can be calculated. 

The mass, D, is melted, heated to redness, cooled, treated with a little dilute nitiic acid, evaporated, dried at 
110° and weighed {B ) ; this weight gives the sodium and potassium nitrates. Subtraction of the weights of nitrates 
{B) and carbonates from 0 gives that of the extractive matters and of ammonium nitrate, if this is present ; this 
latter may be determined in the aqueous liquid, A, by estimating the ammonia evolved in the ordinary way. 


the nitrocellulose : 



Fig. 223. 
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Measurement of the Pressure or Heat of the Gases Developed by Explosives. The 
power of an explosive is deduced principally from the quantity of heat produced on explosion 
(see p. 216), this being measured m the Berthelot-Mahler calorimetric bomb (see vol. i, p. 372). 
Deflagration is induced by means of an electric spark, and if considerable pressure is main- 
tained in the bomb by means of air (or nitrogen m the ease of gmicotton, as this is deficient 
m oxygen, which need not be supplied in order to reproduce the conditions of an ordinary 

explosion), the products of deflagration are almost identi- 
cal with those of explosion. The bomb is specially con- 
structed with various accessories to allow of the analysis 
and measurement of the gases produced m the decom- 
position, at either low or high pressure, of the explosive. 

The pressure of the gases produced by the explosion 
in a resistant chamber, C (Fig. 224), of soft sheet steel 
wrapped round Math steel wire, is measured indirectly by 
determming the crushing of a small copper cylinder, Z 
(cy'usher), 13 mm. high and 8 mm. in diameter, placed 
between a fixed base, d, and a hardened steel piston, a, 
of knoTO surface which transmits the pressure of the 
gases. The chamber, G, is fixed by two massive wrought - 
iron plates, D and D', held together by six thick rods, B, 
Deflagration is caused by rendering incandescent a 
platinum wire between the two terminals, h. In order 
to obtain exact results it is indispensable that there can 
be no escape of the gas, which would also cause danger 
from projection, the gas bemg at a temperature of 2000° 
to 3000° and a pressure of several thousand atmospheres. 

The deformation of the cy^ushers is shovm in almost the natural dimensions in Fig. 179 
on p. 219. 

The sensitiveness of explosives to a hlow is determined empirically by allowing a given 
weight of iron (ram) to fall from various heights on to a certain amount of explosive placed 
on an iron block, the height of the fall bemg increased until explosion occurs. The sensitive- 
ness to heat is measured roughly by throwing small pieces of the explosive on to mercury 
heated to successively increasing tem- 
peratures until deflagration takes 
place. 

When the power of an explosive 
cannot be determined directly or by 
comparison of the practical effects, 
indirect tests must be employed, 
although these do not always cor- 
respond with the actual effects. To 
avoid uncertainty, the expression 
power of an explosive, f, is applied 
to the product of the volume, v°, of 
gas (reduced to 0° and formed from 
unit weight of the explosive), the 
pressure, Pq, of 760 mm., and the Fig. 225. 

absolute temperature, T (calculated 

from the products of the reaction), this product being divided by 273, so that : 

. %VoT 

^ 273 ‘ 

The power of progressive explosives may be indirectly determined by Guttmann’s 
power gauge (Fig. 225) : on a hollow block of steel, a (diameter of cavity 35 mm.), are 
screwed two steel blocks, 6, and a small firing-plug, g. A trigger, m, which can be released 
from a distance by means of a cord, serves to explode the plug. The apparatus is charged 
by unscrewing one of the blocks, b, and introducing first a cylinder of drawn lead, 40 mm. 
long and 35 mm. in diameter, which closes hermetically the wide mouth of the right-hand 
cone : then a steel disc and one of cardboard of such thickness that it makes 20 grms. 
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of powder rest just in the middle. This powder, which is introduced next, is situate just 
under the cap, li. Then follow a disc of cardboard, one of steel, and a block of lead 
similar to the first, this closing the cavity to the left, when the block, 6, is again screwed 
on. The gases produced by the explosion have no outlet and so force the leaden blocks 
to the right and left into the conical holes to the right and left. The height of the leaden 
cones projecting is compared with that obtained with a standard explosive and thus gives 
the power of the explosive. 



For shattering exxilosives, on the other hand, good rcsulis are obtained witli TrauzFs 
lead block, which is in the form of a cylinder 200 mm. in height and diameter. In the 
middle is a cavity, 110 mm. deep and 20 mm. wide, into which 15 to 20 grms. of the ex- 
plosive are placed. A fulminate cap, connected with wires for firing, is inserted and the 
bore tamped with well -compressed sand and 


chalk. After the explosion, the capacity of 
the cavity is measured with water. Fig. 226 
shows several of these blocks after testing with 
various explosives. A charge of 15 grms. of 
ISTo. 1 dynamite gives a volume of 705 c.c., and 




Fig. 227. 


Fig. 228. 


deducting from this 30 c.c. for the original volume, and 30 c.c. produced by the 1-5 grm. of 
fulminate in the cap, there remain 645 c.c. due to the explosive, z.e, 43 c.c. per gramme. To 
obtain comparable results with explosives of the same class, charges of equal weights must 
be taken, otherwise different values are obtamed for the same explosive ,* there are, besides, 
other causes of error, which give only a relative value to this method of determining the power. 

Measurement of the Initial Velocity of Projectiles. For this purpose use is made of 
Le Boulenge’s ckromjraph (Figs. 227 and 228), which gives the vclocii-y, F, by measuring 
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the time, T, taken by the projectile to traverse theknovTi distance, D (20 to 50 metres), 
between two vdre frames, G, G' (Fig. 227), which are cut through by the projectile im- 
mediately after it leaves the gun and are connected electrically with two quite distinct 
points of the chronograph, the apparatus being so arranged that T lies between 0*05 and 
D 

0*15 second ; F = . The chronograph is formed of two electro -magnets, a and e (Fig. 

218, or C and O', Fig. 217), joined to the batteries B and B\ and to the corresponding 
wire frames, G and G'. The magnet, a, attracts a tubular bar (c, d. Fig. 228, or O, Fig. 227) 
of the chronometer, w-hich terminates at the top in a soft iron point and is enlarged at the 
bottom ; the magnet, e (or A' in Fig. 227), attracts a rod, /(or O', Fig. 227), of the registiar. 
The chronometer bar is surrounded by a thin zinc or copper tube. The registrar is of soft 
iron, has the same weight as the chronometer, and is pointed at the top and enlarged 
at the bottom. When the projectile traverses the first frame, G, it interrupts the current 
of the electro -magnet, A, and the chronometer bar, O, becomes detached from A (Fig. 227) 
and begms to fall freely. When it traverses the second frame, O', it interrupts the current 
of the electro -magnet, A', and the registrar, O', falls and releases a hook wdiich liberates a 
horizontal spring pointer, this immediately striking the falling chronometer bar. The 
mark on this bar will be the higher the loiver the initial velocity of the projectile. Suitable 
tables deduced from simple formulae i give the required velocity. 

The velocity of detonation is difficult to determine, since it depends largely on the 
resistance of the enclosure containing the explosive and on other circumstances. It is 
determined roughly but with sufficient exactitude, under similar conditions, by placing a 
number of cartridges in a continuous row and joining the two wires of the Le Boulenge 
chronograph to points in the row at a certam distance apart. 


USES OF EXPLOSIVES. The largest consumption of explosives is that 
of armies and navies, whilst in various civil operations these substances are 
also employed : in the tunnelling of mountain ranges separating various races ; 
in lessening manual labour in the ploughing of the soil ; for disintegrating 
rocks to provide material for the construction of houses to displace the aU too 
numerous deserts ; and further, for preparing blocks of material to be wrought 
by the genius of man into monuments attesting to posterity the varied and 
incessant progress of human thought and labour. 

In practice a sharp distinction is made between progressive explosives, used 
more especially in mines for detaching large masses of rock and for excavating 
(for coal, minerals, gold, and diamonds), and shattering explosives (dynamite, 
&c.), employed for such purposes as demolishing walls, bridges, and large 
trees, or breaking the ice at the surface of rivers and lakes when navigation is 
prevented. To demolish a large tree it is sufficient to surround it with a string 
of dynamite cartridges, explosion of one of which wffil cause explosion of the 
others ; to break iron, e.g. a railw^ay rail, or cut a bridge, one or more cartridges 
are placed on it, covered with a light tampmg of earth and exploded. In sub- 
aqueous works modern smokeless explosives are of great service, since to their 
great power is added their stability towards water, w^hich acts as an excellent 
tamping. 

STATISTICS OF EXPLOSIVES. In 1908 Italy produced 764 quintals of cheddite, 
580 of solenite, 556 of prometheus, 280 of guncotton, 2153 of collodion -cotton, 56 of 


^ A test is first made in winch the chronometer bar and the registrar fall siinnltaneonsly The height, h, at 
which the former is struck corresponds with a time, t, which must always he allowed for in the subsequent measure- 
ments, as it represents the time lequirejd by the registrar to release the spring. According to the law of bodies 

falling freely, h = so that t = x/ ~ ; in practice, when a time, iT, elapses during the passage of the projectile 

g 


from Q to Q% the mark on the chronometer bar at the height, H, corresponds with a time, T -f i = 


2H. 


The 


difference between these two measurements gives the time required, the velocity being then deduced from the 
D 


formula : F =* . /a / • 
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fulminate of mercury, and 23,000 of powder for fireworks. Tlio various explosives 
factories in Italy employ almost 3000 workmen. 

The consumption of explosives in time of war is enormous. Every shot of a large gun, 
which does not always hit the mark, costs hundreds of pounds. In the last Buss o -Japan esc 
war, the besiegers of Port Arthur blew up part of one of the forts with a mine containing 
5000 kilos of dynamite. During the piercing of the Simplon, 1640 tons of gelatine 
explosives were used, mostly with a content of about 92 per cent, of nitroglycerine. In 
constructing the harbour of Genoa, the Nobel Company exploded simultaneously a number 
of mines with a total charge of 6000 kilos of dynamite. Eor the removal in 1905 of a rock 
that partially obstructed the Danube at Greisenstem, a mine was laid with 11,700 kilos 
of dynamite ; 280,000 cu. metres of rock were detached at a cost of about three -halfpence 
per cubic metre. In the American Independence Day fetes, a million pounds worth of 
fireworks are consumed every year. 

In addition to its enormous home consumption, Germany exported, in 1906, 2136 tons 
of black powder of the value of £320,000 ; 4791 tons of other explosives, worth £372,000 ; 
and 7300 tons of cartridge charges for guns and artiUery, of the value of £1,000,000. 

In the United States the industry is a rapidly growing one. While the total production 
was £3,400,000 (including 40,000 quintals of dynamite) in 1900, it rose in 1905 to 
£5,920,000, of which £1,760,000 represented black powder ; £320,000 nitroglycerine ; 
£3,200,000 dynamite ; £800,000 smokeless powder ; and £35,200 guncotton. 

Li 1909 the United States possessed 86 explosives factories with a total capital of 
£10,000,000 and a total annual output of the value of £8,000,000. 

The world's 'production of explosives reaches a total of 350,000 to 400,000 tons, almost 
the half of this amount being made in the United States. According to 0. Guttmann, the 
production of explosives with nitroglycerine as base amounted m 1909 to more than 
62,000 tons, distributed as follows : United States, 20,000 tons ; Germany, 10,300 ; 
England, 8100 ; the Transvaal, 8000 ; Canada, 5000 ; Spain and Portugal, 3500 ; 
Austria-Hungary, 2300 ; France, 1500 ; Switzerland, Australia, and Norway and Sweden, 
600 each ; Bussia, Italy, and Holland and Belgium, about 500 each ; and Greece, 175 tons. 
For dynamite for military purposes, Japan requires annually 9000 quintals of nitroglycerine, 
and consumes, in addition, 9000 quintals of other powders. Only a small portion of these 
is manufactured in Japan, which imports every year explosives of the value of £80,000 
(from England, Germany, and Belgium) ; in 1909 the Armstrong firm erected a cordite 
factory near Yokohama. In the Transvaal mines explosives to the value of £1,440,000 
were consumed in 1910. 


EE. ACIDS 

I. SATURATED MONOBASIC FATTY ACIDS, CnHa^^02 

These are termed /a% acids because some of them are contained in fats, from 
which they are prepared. All contain the characteristic group, “'OOgH, the 
hydrogen of which is replaceable by metals. With every hydrocarbon or every 
primary alcohol of the methane series corresponds a monobasic fatty acid. 
The first members are liquids having a pungent odour, and are soluble in water, 
alcohol, or ether, and boil without decomposing ; then follow members of an 
oily consistency, less soluble in water, and with unpleasant smells like that of 
rancid butter or perspiration ; beyond they are solid, insoluble in water, 
soluble in alcohol or ether, and distilling unchanged only in a vacuum. The 
first members (up to Cg or C^^) are volatile in steam. 

It will be seen that the boiling-points of these acids rise regularly with 
increase in the number of carbon atoms, but the melting-points are higher in an 
acid with an even number of carbon atoms than in those immediately below 
and above with uneven numbers. 

GENERAL METHODS OF PREPARATION, (a) In dealing with 
primary alcohols and aldehydes, it was shown how simple oxidation of these 
compounds yields the corresponding acids containing the same number of 
carbon atoms, whilst when secondary and tertiary alcohols or ketones are 
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Table of the Sattjbated Mohobasic Fatty Acit>s 
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Formula 

Xame 

Melting-point 

Boilmg-point 

Specific gravity 

CH2O2 

Formic 

-h 8-3° 

101° 


1-2187 (20°) 

CoHiOg 

Acetic 

+ 16-5° 

118° 


1-0502 (20°) 

CaHfiOg 

Propionic 

~ 22° 

141° 


1-013 (0°) 


(Normal but^nic 

-- 7-9° 

162° 


0-987 (0°) 

^4 2 

flsobiitwic 

- 79° 

154° 


0-965 (0°) 


' Normal valeric 

- 58*5° 

185° 


0-956 (0°) 

n TT n 


Isovaleric 

- 51° 

174° 


0-947 (0°) 

L'5X1ioU2 


Trimetliylacetic 

+ 34°-35° 

163° 


0-905 (60°) 



Metliylethylacetic 

— 

173°-174 

0 

0-938 (20°) 

CeHigOg 

Normal caproic (hexoic) 

- 1*0° 

205° 


0 945 (0°) 


C7H14O0 

Normal heptoic 

- 10° 

223° 


0-921 (15°) 


Caprylic (octoic) 

-f 16*0° 

237-5° 


0-910 (20 


b^9ti-i802 

Pelargonic (nonoic) 

-f 12*5° 

186° \ 


0*911 (12 

=) 

C10H20O2 

Capric (decoic) 

+ 31-4° 

200° 


0-930 (37°) 

O11H22O2 

Undecoic 

28° 

212° 

s 

— 


0t211-2402 

Lanric 

44° 

225° 


0-875 >1 



Tri decoic 

40*5° 

236° 

i ^ 

- 

.5 

0 


Mwistic 

54° 

248° 


0-862 

S 

Q5II-30O2 

Pentadecoic 

51° 

257° 

% 

— 


^16ll-3202 

Palmitic 

62-6° 

268° 

0 

0 

0-853 

1 

7 1^3402 

Margaric 

60° 

277° 

^ i 

— 

S3 

^181136 02 

Stearic 

; 69*3° 

287° 

^ ’ 

0*845 ^ 

< 

C19H38O2 

Nonadeooic 

66 5° 

298° 

1 

— 


C20II40O2 

Aracliidic 

77° 

— 

1 

— 


C22B44O2 

Behenic 

I 84° 

360°/60 mm. 

— 


C24II48O2 

Ligno ceric 

0 

r— 1 
00 
i 

0 

0 

00 

— 


— 


C26lf5202 

Cerotic 

78*5° 

— 


— 


6'3o11-6o02 

Mehssic 

91° 

- 

! 





oxidised, the chain is broken and acids with a less number of carbon atoms 
are obtained. 

(6) Hydrolysis of the nitriles {see these) in the hot with potassium hydroxide 
or with mineral acids yields the amides {see these) as intermediate compounds, 
and then the acids with one carbon atom more than the alcohols from which 
the nitriles originate : 

CHg • CN + 2H2O = NH3 + CH3 • OOgH. 

(c) The interaction of a zinc -alkyl with phosgene gives : 

Zn(CH 3)2 + 2 COCI 2 = ZnCl^ + 2CH3-COC1 (Acetyl chloride), 
which, on decomposition with water gives : 

CHg’COCl + HgO - HCl + CHs-CO^H. 

{d) When a hydroxy-acid is heated mth hydrogen iodide, separation of 
water and iodine occurs and a fatty acid is formed. 

(e) Other general reactions are those of Grignard {see p. 203), those of ethyl 
acetoacetate and ethyl malonate {see these), and those of elimination of CO 2 
from dibasic acids (containing two carboxyls, CO* OH) and of addition of 
hydrogen to unsaturated acids, &c. 

PROPERTIES. In aqueous solution the acids are electrolytically dis- 
sociated into the cations H and the anions B* CO^ {see voL i, p. 91). 

Substitution of this ionic hydrogen by a metal yields salts, which in aqueous 
solution (when the}^ are soluble) are almost completely dissociated, whilst the 
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hydrogen of the alcohols is also replaceable by a metal (alkoxide), but the 
resulting alkoxide is decomposed by water (hydrolysed). 

The strength of an acid (or its power) can always be determined from the 
degree of dissociation (vol. i, p. 98) this decreasing in the following order : 
formic, acetic, propionic, normal butyric, valeric, &c. ; thus, with rise of the 
molecular weight the dissociation diminishes. 

The hydroxyl group of the carboxyl group, —CO -OH, can sometimes 
be substituted by halogens (especially by chlorine, by the action of PClg, v'hich 
forms acid chlorides or chloroanhijdrides, e.g. acetyl chloride, CHg-COCl). 

Substitution of the hydroxyl, ( 1 ) by SH, gives thio-acids, and ( 2 ) by NHg 
yields the amides, e.g. acetamide, CH 3 *CO'NH 2 (by heating ammonium 
acetate) ; under certain conditions these compounds all give the acids from 
which they originate. 

It has already been mentioned that the saturated hydrocarbons are formed 
by the electrolysis of the alkali salts of the corresponding acids, with elimination 
of CO 2 , H, and O (the last two from the water present as solvent) and also of 
secondarjr products (unsaturated ethers and hydrocarbons) ; if the electrolysis 
is effected without a diaphragm, alkaline carbonate and bicarbonate are formed, 
and hence also a lower alcohol. Carbon dioxide can also be eliminated, and 
hydrocarbons thus formed, from the alkali salts of the acids by heating in 
presence of soda-lime or baryta, or by reducing the 'acids with hydriodic 
acid and phosphorus. 

But if the calcium salts of the acids are distilled, with or without 
principal product is a ketone formed from two molecules of the acid ; 

(CH3*COO)2Ca = CaCOs + CHg-CO-CHg ; 


if the calcium salt is heated in presence of calcium formate, the aldehyde 
corresponding with the higher acid is formed. 

The halogens also replace the hydrogen of the allcyl residues of the acids, 
giving products which surpass in acids properties the acid from which they are 
formed.^ By heating the acids homologous to acetic acid (which are very 


‘ Besides referring to wliat has been stated m vol 1 , p. 91 et seq , wo may here quote the very clear consideia- 
tion of this question given by Professor Miolati on the Affinity Constants of Acids- That difleicnt acids possess 
different strengths follows, for example, from the phenomenon of displacement of one acid from its salts by another 
acid. When sulphuric acid is added to a solution of sodium acetate, the characteristic odour of acetic acid is 
perceived, since the sulphuric acid is transformed into sodium sulphate and a certain amount of acetic acid 
is liberated. This quantity and, in general, the quantity of any acid displaced by a second acid, is not equivalent 
to the amount of the latter added, but the two acids divide the base according to then stiengths, according to 
their affinity constants, and also to their quantities. The effect of the latter factor may bo eliminated by using 
equivalent quantities of the two acids and of the base, e q. by causing an equivalent of an acid to act on an equiva- 
lent of neutral salt, so that the distribution of the base between the two acids depends only on their strengths. A 
chemical equilibrium is then established w’hich is represented by the equation . 

(l-a:)[XaX + nX'] a:[XaX'+HX]. 

In order that this method may give exact results, it is of course necessary tliat the bodies formed in the condi- 
tions of the experiment be not eliminated either as gas, or solid, or complex molecules, <S:c., but tliat they remain 
to take part m the equilibrium. To determine this, Thomsen made use of the thermal change and Ostwald the 
changes of volume and the indices of refraction, these methods leading to the same results In gencial, any 
physical property may be used for the analysis of the equilibrated system. 

If, for example, a is the heat-change observed on neutralising an equivalent of the fiist acid with a base, h 
the corresponding quantity for the second acid, and c that observed on adding an equivalent of base to an equivalent 
of the mixed acids, it is evident that c will be equal to the thermal effect of the neutralisation of a ceitain frac- 
tion of an equivalent of the first acid (1 — x) plus the thermal effect of the neutralisation of the complementary 
traction of the second acid : 

c « (1 - ar)a -f. ic & ; a* = ; (1 ~ x) . 

a — 0 a — & 

X 

^^9,sure of the relative affinities of the two acids. The following Table gives certain values of x deter- 
mined by Ostwald, x indicating the fraction of the molecule of base taken up by the acid given first : 


X 


HXO, : CHCla-COOH 


0 76 

HCl . CHCla-COOH 


0‘74 

CCI 3 -C 00 H : CHCls coon 


0 71 

CCla-COOH : CHjCl-COOH 


0-92 

CCl3*COOH:H*COOn 


0-97 


ii-cooH: C 1 -I 3 coon 

U-COOH: Calls coon 

H-COOH : C3lI,-COOH 

^ \ iso 

CHg-COOH; CgH^.COOII (noim) .. 0 53 


X 

0-76 
0*79 
0*80 
0 81 
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resistant to oxidising agents) with concentrated snlphnric acid, 00^ is evolved, 
whilst acids with carboxyl united to a tertiary carbon atom {e.g. formic or 
trimethylacetic acid) evolve CO and are transformed by oxidising agents into 
hydroxy-acids : (CHg)^ : CH-COOH gives (0113)2 : C(OH)-COOiI. 

Separation of the fatty acids from mixtures of them is not always easy 
and is sometimes effected by taking advantage of their greater or less volatility 
either in steam or in a vacuum, or by precipitating with magnesium acetate 
or barium chloride, since in alcoholic solution the higher acids are precipitated 
first. Use is also made of the fractional solution of the calcium, barium, or 
lead salts in various solvents (alcohol, ether, &c.), or of fractional neutralisa- 
tion followed by distillation of the acids not neutralised. From an aqueous 
mixture of formic, acetic, butyric, and valeric acids, the last two can be 
separated by extraction with benzene, from which they can be isolated by 
shaking with baryta w^ater. Further separation can then be effected as above. 


If wc calculate — , making nitiic acid equal to 100, ve obtain the following values : 


Nitiic acid . 

, 

100 

Formic acid . 



. 3 9 

Hydrochloric acid 


98 

Piopiouic acid 



. 1 04 

Trichloroacetic acid 


80 

Butyric acid. 



. 0 98 

Hicliloroacetic acid 


33 j 

GlycoUic acid 



. 50 

JVIonochloroacetic acid . 
Ascetic acid . 

* 

• 7 

. 1 23 

Lactic acid . 

• 


. 33 


The acids arrange themselves in the same order and almost with the same coefiicients, if other properties are 
studied. All acids possess, for example, the property of accelerating certain hydrolyses, such as that of ethyl 
acetate and the inversion of cane sugar : 

CHanOOCaHs + H.O = CoHs-OH -f GHa-COOH; 

CiaHaaOn + HoO = 2CcHia06. 


In those reactions the acid added acts only by its presence (catalysis), since at the end of the reaction it 
remains unchanged. But, on the addition of equivalent quantities of various acids, the reactions take place with 
greater oi less velocities, % e. the same quantity of ethyl acetate or cane-sugar is transformed m a longei or shorter 
time according to the acid added The velocity of the reaction is propoitional to the affinity constant of the acid. 
Finally, the acids aie arranged in the same order if we compare their electrical conductivities. According to the 
theory of electiohi;ic dissociation, the value of the conductivity depends on the number of molecules of the dis- 
solved acid which are dissociated into their ions, t e into hydrogen ions on the one hand, and acid ions on the 
other. The 'possibility offwmshing hydiogm ions in aqueous solution would hence he chai actei istic of the acid nature 
of a substance, the amount of these hydrogen ions in unit volume being a measme of the acidity. Whth equivalent 
solutions of different acids, the strong acids null be those wdiich contain, m a gi'ven volume of the solution, a largo 
number of hydrogen ions, and the weak ones those containing only a small numbei of such ions. 

The condition of an acid in solution may hence be represented by the expression : 

AH ^ A' + H’ 


and we may term the fraction of the equivalent which is dissociated, the degree of dissociation, a. Without 
entering into further details it may be mentioned that a is related, besides, to the electrical conductivity, also to 
van ’t Hoff’s coefficient i, which expresses the diveigence of the osmotic behaviour of solutions of electrolytes from 
the normal behaviour (see voL i, p 99). 

The degiee of dissociation varies with the concentration of the solution of the acid, increasing wdth the dilution 
towards the limiting value 1, which corresponds with complete dissociation. This mciease is small for strong 
acids, i e those which contain a considerable number of hydrogen ions even in concentrated solutions, but is much 
greater for the weak acids. 



V 

100 a 


CHa-COOH -j 

32 

1024 

2 38 

12 66 

1 

4*22 

CH 2 CI COOH ] 

r 32 

1 1024 

19 9 

68-7 

1 

3 53 

cnag COOH - 

r 32 

i 1024 

70 2 

99*7 

1 

142 


V indicates the number 
of litres of solution containing 
1 grm.-mol. of the acid. 


The affinity constants given above hence depend on the concentration of the acid, since with this the concentra- 
tion of the hydrogen ions — on which the value of the acid properties of a substance depends—varies. An expres- 
sion which IS independent of v can, however, be found by considermg the equilibrium - HA H‘ 4- A% as if at 
were a gaseous equihbrium and applying the law of mass action to it. If a is the fraction of the equivalent which 
IS dissociated, (1 — a) wiU be that of the non-dissociated part ; and, if v is the number of litres in which the 

gramme-equivalent is dissolved, ^ will be the so-called active mass of the ions, i.e. the number of ions contained in 


unit volume, and ■ 
gives : 


- the number of imdissoeiated molecules in the same unit volume. 




(1 - a.)v 


The law of mass action 


where A- is a constant depending solely on the nature of the equilibrium-— that is, on the nature of the reacting 
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f-' Constitution of the Fatty Acids. That these acids actually contain carboxy 
groups, — COOH, is indicated by the different ways in which they are formed 
and decomposed, but the most characteristic method of preparation consists 
of the hydrolysis of the nitriles, which are obtained from the alkyl iodides 
by the action of potassium cyanide (see p. 198). Two molecules of water 
react with one of nitrile, giving ammonia and a higher acid : 

CHg-C i N + 2H2O = NH3 + CHg-COOH. 

The nitrogen of the nitrile being detached, the group — COOH must neces- 
sarily be formed, since, from reasons already mentioned, the formation of a 
group — C( 0 H )3 is excluded, as three free hydroxyl groujxs cannot remain 
united to one carbon atom (although the corresponding ortho-ethers are known 
and also acetals, see pp. 182, 205, and 209). 


FORMIC ACID, H-C^ 

\OH 

Methanoic Acid 

It was shown as early as the seventeenth century that ants contained a 
special acid, which was characterised later as formic acid, and was separated 
(by distilling with water) from the wood ant, the migratory ant, bees (and hence 
from crude honey), the hairs of the nettle, pine leaves, perspiration, urine, &c. 

Until recently, in spite of numerous processes by which it can be syn- 
thesised (e,g. by hydrolysing, with acid or alkali, hydrocyanic acid, which 


bodies — and on the temperature ; 7j is henco a measure of the tendency of an acid to dissociate and is called the 
afflmty constant 

The following Table gives the numbers refeiring to acetic acid and two of its chloio-doiivatives * 



Acetic acid 

Rtonochloroacetic acid 

Dichloroacetic acid 

V 

A 

0 

0 

10® 

A 

100 a 

10® 7; 

A 

100 a 

10® 7.; 

16 

65 

1*67 

1 79 

56 6 

14 6 

155 



_ 

_ 

32 

92 

2 38 

182 

77 2 

19*9 

155 

269 8 

70 2 

5170 

64 

12 9 

3 33 

1 79 

103*2 

26 7 

152 

309 9 

80 5 

5200 

128 

18*1 

4 68 

1 79 

136 1 

35 2 

150 

338 4 

88 0 

5040 

256 

25 4 

6 56 

1 80 

174 8 

45 2 

146 

359 2 

93 4 

5160 

512 

84 3 

9 14 

1 80 ! 

219 4 

56 8 

146 

375 4 

97*6 

— 

1024 

49 0 

12*66 

1-77 

265 7 

68 7 

147 

383 8 

99 7 

— 


In this Table A denotes the molecular conductivity corresponding with the dilution v, 100 a the extent of 
dissociation in per cent., and 10® h the affinity constant multiplied by 100,000 

This affinity constant has a markedly constitutive character ; it increases, for instance, if a subsiiiiuent of 
negative nature, such as OH, Cl, X, XO2, &c., enters a molecule and decreases if xiositivo gioiips such as Xllg 
enter. The following examples may bo given : 


Formic acid == 127 0 . 1 0 

Acetic acid 18.10-® 

Propionic acid 1*3.10—' 

Substitution with halogens and, similar growps. 

Monochloroacetic acid 7 j = 155.10“® 

DicMoroacetic = 5100 10”® 

Trichloroacetic about 120,000.10“® 

Bromoacetic 138.10-® 

Cyanoacetic 370.10-® 

Thiocyanoacetic 260.10"® 

iS-Iodopropionic 9 0.10"® 

Substitution by hydroxyl. 

G-lyeollic acid, OH-CH2 -COOH 7j = 15*0 10"® 

Lactic acid, CH3 CH(OH) COOH 14 0.10 -* 

P-Hydroxypropionic acid, OH* CHg CHs* COOH . . . 3*1 10 ~® 

Substitution by 

a- Aminopropiomc acid (alanine), CH3 CHCXHg) COOH . . 7 j = 9 0.10~® 


For further examples and greater details, see H. Abegg’s ^^The Electrolytic Dissociation Theory/' New York, 1907. 
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may be regarded as the nitrile of formic acid), it was prepared almost exclu- 
sively by heating crystallised oxalic acid with glycerine free from water in a 
reflux apparatus, the formic acid thus obtained being distilled. For some 
years, however, this acid has been prepared very cheaply by Goldschmidt’s 
process (Ger. Pat. 86,419 and Fr. Pats. 342,168 and 362,417), which consists in 
first forming sodium formate by the action of carbon monoxide under pressure 
[or of generator gas (vol. i)] on powdered sodium hydroxide or, better, by 
dropping on to coke heated to 200° to 220° a solution of sodium hydroxide, 
carbonate, or sulphate and then passing in a hot current of carbon monoxide. 
Similarly from milk of lime and coke at 250°, calcium formate is obtained. 

From the dry salts, almost anhydrous formic acid is then obtained by treatment vdth 
cold concentrated sulphuric acid to which formic acid, already in the free state, is initially 
added (Fr. Pats. 341,764 and 393,526) ; the pure acid was formerly obtained, but Avith 
considerable loss, by distilling its salts with concentrated sulphuric acid. 

According to Eng. Pat. 8438 of 1910, better results are obtained by running 35 parts 
of concentrated sulphuric acid into 200 parts of concentrated formic acid, shaking 
meanwhile ; to this mixture quantities of 50 parts of the dry formate and 50 parts 
of concentrated sulphuric acid are added alternately. Good results are also obtained by 
decomposing the formates by means of hydrofluoric acid (Ger. Pat. 209,418, 1907). 
jSee also U.S. Pats. 970,145 of 1910 (W. H. Walker) and 975,151 of 1910, in which the decom- 
position of formates by phosphoric acid below 145° is proposed. 

This new process makes it advantageous to prepare oxalates from formates, whilst the 
latter were previously obtained from the oxalates. Accordmg to Fr. Pat. 413,947 of 1910, 
the formate is run into an evacuated vessel mamtained at 550° to 600° by means of a 
metal bath ; if the temperature of the mass mtroduced is kept for hah an hour at above 
400°, the formate is transformed quantitatively into pulverulent oxalate (150 kilos for 
every square metre of heated surface). 

Almost anhydrous formic acid is obtained by distillation over anhydrous copper 
sulphate (Ger. Pat. 230,171, 1909). 


Pure formic acid is a colourless liquid with a pungent odour, sp. gr. 1-223 
at 0°, b.pt. 99° ; it solidifies on cooling and then melts at 8*6°. If poured 
on the hand it produces very painful blisters. In aqueous solution, a mixture 
of constant composition distils, as is the case with hydrochloric acid (vol. i, 
p. 158) ; at ordinary pressure this mixture contains 77*5 per cent, of acid 
and boils at 107°. Unlike its homologues (acetic, butyric acid, &c.), it is 
readily oxidised by permanganate, &c., forming CO 2 and HgO ; hence its 
great reducing fower, owing to which, in the hot, it separates silver from 
silver salts, and first mercurous chloride and then mercury from mercuric 
chloride solutions. Thus it behaves as an aldehyde, the characteristic groui:) 

.0 

of which, —Cf it does indeed contain. When heated in a sealed tube at 


160° or treated with concentrated sulphuric acid, it decomposes readily and 
completely into CO + HgO. Finely divided rhodium, ruthenium, or iridium 
(but not platinum or palladium) decomposes it completely into CO 2 and 
Various bacteria produce the same change. 


Its price has now fallen to below 72s. per quintal (85 per cent, concentration) and 
owing to its low molecular weight it can compete with acetic acid, a less weight bemg 
required to produce a given acidity. On account of its acid character and its reducing and 
antiseptic properties, it is used to increase the 3 deld of alcoholic fermentations, in the 
dyeing and printing of textiles where it can replace lactic acid (not always advantageously), 
in the bichromate mordanting of wool, and also acetic acid (in France the consump- 
tion of acetic acid has diminished from this reason). Its use in tanning has also been 
suggested. 

Its strength is determined by means of standard sodium hydroxide solutions, using 
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phenolphthalein as indicator, but when other acids arc also present it is titrated ^uth 
permanganate in acid solution or eliroinic acid m alkaline solution. The CO evolved 
when it is treated with concentrated sulphuric acid can also be measui cd. When other 
organic acids are present, the dilute mixture is treated with mercuric acetate at the boiling 
tempera tui'e, the niercmous acetate which separates being filtered off in the cold, dis^ 
solved in nitric acid, the calomel precipitated wath sodium chloride then being weighed. 
Or dilute formic acid solution (0*2 grm. per litre) may be treated with about 15 times 
the weight of mercuric chloride (calculated on the acid) dissolved in 200 c.c. of hot water, 
the liquid being well shaken and the mercurous chloride precipitate, after treatment 
with caustic soda, collected on a Gooch crucible, washed, di’ied, and weighed ; multi- 
plication of the weight by 0*097726 gives the weight of formic acid (Franzen and Grevc, 
1909). Formic acid may be detected, even in presence of aldehydes, acetic acid, and 
methyl alcohol, by means of sodium bisulphite solution, which gives a reddish yellow 
coloration. 

Presence of hydrochloric acid as impurity may be detected by dilution (1 : 20) and 
addition of silver nitrate : oxalic acid may be detected by saturating with ammonia 
and adding calcium chloride. If no acrolein or allyl alcohol is* present, it does not 
give a pungent odour after neutralisation with caustic soda. 

The commercial aqueous acid costs 245. per quintal for a 25 per cent, solution (sp. gr. 
1-064) ; 445. for 50 per cent, solution (1-124) ; 625. for 75 per cent, solution (1-170) : 
72s. for 85 per cent. (1-190) ; and IO85. for the 96 to 98 per cent, acid (1-217) The 
chemically pure acid costs more than double these prices. 

SALTS OF FORMIC ACID are called formates and are generally soluble in water 
and crystalhsable ; almost all the characteristic properties and reactions of formic acid 
(reduction, &e.) are shown also by its salts. With concentrated sulphuric acid in the 
hot, they yield carbon monoxide. Formates are obtained by the action of carbon monoxide 
on metallic hydroxides in the hot and under pressure {see also Fr. Pat. 382,001, 1907, and 
U.S. Pat. 875,055, 1907). When heated at 200° to 400°, the formates yield carbonates 
and oxalates and chemically pure hydrogen Potassium formate, H- COOK, forms deli- 
quescent cr3^stals. Sodium formate, H'COONa, crystallises well with 3H2O at 0° or with 
2H2O at 17° and melts at 253° (the pure salt costs 85. Id. per kilo, and the commercial 
salt, I5. 7d.), Ammonium formate, H*C00NH4, melts at 115° and at a higher tempera- 
ture decomposes into formamide, water, and a little hydrocyanic acid ; since, in its 
decomposition w'hen heated, it gives nitrogen and carbon compounds, it is used to harden 
and cement steel (the pure salt costs as much as 95. 6d. per kilo). The magnesium, barium, 
and calcium salts are also soluble in water ; the last costs 45. (pure) or 25. (impure) per 
kilo. Lead formate (H*COO)2pb, dissolves only slightly in cold water, but readily in 
hot, and hence serves well to separate formic from other acids. Zinc formate, (H- COO)2Zn, 
is insoluble in absolute alcohol and hence also serves to separate formic acid from others. 
Acid formates, such as H-COOKa + H-COOH, are also known. 

//^ 

ACETIC ACID, CHo • c{ 

\0H 

Ethanoic Acid 

Although its constitution was first determined by Berzelius in 1814, 
acetic acid has been known from the earliest times, since it forms easily in 
wine (vinegar), in many vegetable juices, in sour milk, in perspiration, in 
excreta, &c. In 1700 Stabl obtained it in a concentrated form by freezing 
the dilute acetic acid, then neutralising with alkali and distilling the acetic 
acid after addition of sulphuric acid. It is often formed in the oxidation 
and combustion of many organic substances ; of the various synthetic 
processes for its preparation, that of Kolbe (1843) may be mentioned : 
perchlorethane, in presence of water and under the influence of light, 
gives ^ trichloroacetic acid : CCl^-Ca^ + 2 H 2 O = 3HC1 + CCl.^COOH, and 
this is reduced by nascent hydrogen to acetic acid. Commercially it is 
obtained from ethyl alcohol and, especially, by the dry distillation of wood 
{see later). 
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PROPERTIES. When pure, acetic acid forms a eclouiiess liquid of 
sp. gr. 1*0553 at 15'' and a specific heat of 0*522 bet\\eeii 26'' and 96'' , it 
solidifies at +16*7° in white crystals (hence the name glacial acetic acid, 
which is very Iwgroscopic and has the sp. gr. 1*08 at 0°) and boils at 118°, 
but evaporates considerabl}" below this temperature owing to its high vapour 
pressure. It is soluble in all proportions in w^ater, alcohol, and ether. Its 
vapours bum with a bluish flame. It dissolves many organic and several 
inorganic substances (P, S, HCl, &c.). When pure concentrated acetic acid 
is mixed with w^ater, heating and contraction take place ; the specific gravity 
increases on dilution of the xrure acid and reaches a maximum (1*0748) with 
77 per cent, of the acid (corresponding with the hydrate, C2H4O2 + H2O), 
afterwards diminishing gradually as the dilution increases.^ Hence wiieii 
the density of an acetic acid solution is given it must be indicated w^hether 
it refers to solutions containing more or less than 77 per cent, of the acid. 
It cannot, however, be assumed that a chemical compound, C2H4O2 + HgO, 
actually corresponds with the maximum density of the aqueous solution, 
since at other temperatures the maximum densities correspond with 
different compositions ; thus, at 0° the maximum density is obtained 
with 80 per cent, of acetic acid and at 40° with 75 per cent. The strength 
of acetic acid generally refers to the weight and not to the volume of the 
acid. 

The lowest freezing-point is obtained (—27°) with the aqueous solution 
containing 60 per cent, of the acid (coiresponding with a hydrate, 
C2H4O2 + 2H2O), whilst solutions with 84 per cent, and with 10 pei cent, 
freeze at —3*2°. Unlike those of formic acid and of mineral acids, aqueous 
solutions of acetic acid yield no distillate of constant composition. 

The vapour density of the acid indicates a mixture of simple and double 
molecules below^ 250°, and simjple molecules alone above this tem]Derature. 
With hydrogen bromide it forms reddish crystalline additive products, e.g, 
CHg-COOH, Brg, 4HBr. Certain bacteria decompose it into CH4 + COg. 

In contact with red-hot pumice, acetic acid vapour only partially decom 
poses, giving acetone, CO2, and a little phenol and benzene. Chlorine replaces 

* Oudcman’s Table : specific gravity and concentration of acetic acid at 15®, 


Specific 

gravity 

Per cent, 
of acid 
by weight 

Specific 
gra^ ity 

Per cent 
of acid 
by weight 

Specific 

giavity 

Per cent 
of acid 
by weight 

Specific 

gravity 

Percent, 
of tacid 
bj weight 

Specific 

gravity 

Per cent, 
of acid 
by weight 

a 0007 

1 

1 0185 

13 

1 0412 

30 

10646 

54 

1-0748 

78 

1 0014 

1 5 

1 0192 

13 5 

1 0424 

31 

1 0653 

55 

X 0748 

79 

1 0022 

2 

1 0200 

14 

1*0436 

32 

1 0660 

50 

1-0748 

80 

1 0030 

25 

1 0207 

14*5 

1 0447 

33 

1-0666 

57 

1-0747 

81 

1 0037 

3 

1 0214 

15 

1 0459 

34 

1 0673 

58 

1-0746 

82 

1 0045 

3 5 

1 0221 

15 5 

1 0470 

35 

1 0679 

59 

1 0744 

83 

1 0052 

4 

1 0228 

16 

1 0481 

36 

1 0685 

60 

1 0742 

84 

1 0060 

4 5 

1 0235 

16 5 

1 0492 

37 

10691 

61 

1 0739 

85 

1 0067 

5 

1 0242 

17 

1 0502 

38 

1 0697 

62 

1 0736 

86 

1 0Q75 

5 5 

1 0249 

17-5 

1 0513 

39 

1 0702 

63 

1-0731 

87 

1-0083 

6 

1 0256 

18 

1 0523 

40 

10707 

64 

10726 

88 

1 0090 

6 5 

1 0263 

18 5 

1 0533 

41 

1 0712 

65 

1 0720 

89 

10098 

7 

1 1 0270 : 

19 

10543 

42 

1 0717 

66 

1 0713 

90 

1 0105 

75 

1*0277 

19 5 

1 0552 

43 

1 0721 

67 

1-0705 

91 

1 0113 

8 

1 0284 ' 

20 

1 0562 

44 

1 0725 

68 

1*0696 

92 

1 0120 

8 5 

1 0298 

21 

1 0571 

45 

1 0729 : 

69 1 

1-0686 

93 

1 0127 

9 

1 0311 

22 

1 0580 

46 

1 0733 

70 i 

1-0674 

! 94 

1 0135 

9-5 

1-0324 

23 

1 0589 

47 

1 0737 

71 

1-0660 

95 

1-0142 

10 

1 0337 

24 

1 0598 

48 

1-0740 

72 

1 0644 

“ 98 

1 0150 

10 5 

1 0350 

25 

10607 

49 

1-0742 

73 

1-0625 

97 

1 0157 

11 

1-0363 

26 

10615 

50 

1-0744 

74 

1-0604 

98 

1-0164 

11 5 

1 0375 

27 

1 0623 

51 

1-0746 

! 

10580 

99 

1-0171 

12 

1-0388 

28 

1-0631 

52 

1-0747 

76 

1 0553 

100 

1-0178 

12 5 

10400 

29 

1 0638 

63 

1-0748 

77 

— * 
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first one atom and then three atoms of hydrogen in the CH3 group ; bromine 
acts simiiaiiy at 120 ^ but iodine does not react. It resists in the cold the 
action of chromic acid or permanganate, but when heated with the latter 
forms CO2 ; it is very resistant to the action of reducing agents (sodium 
amalgam, &c.). 


TESTS FOR ACETIC ACID. Better than by means of the specific gravity, the 
strength can be determined by means of a normal caustic soda solution (1 c.c. = 0-06004 

grm. acetic acid), a weighed quantity being 
titrated and phenolphthalein used as indi- 
cator. When it contains more than 2 per 
cent, of water, it will no longer dissolve 
cedar -wood or turpentine oil. Metallic im- 
purities are detected by diluting 10 c.c. of the 
acid to 100 c c., neutralising with ammonia 
and adding ammonium sulphide and am- 
monium oxalate , if the acid is pure, no 
alteration or precipitation should occur. If 
there is no sulphuric acid present, dilution 
with ten volumes of water and treatment with BaCb m the hot will give no precipi- 
tate even after an hour’s rest. In absence of hydrochloric acid, addition of nitric 
acid and silver nitrate gives no turbidity in the diluted acid. If no empyreumatic 
products are present, 5 c.c. of the acid diluted with 15 c.c of water will not decolorise 
5 c.c. of an IST/l 00 -solution of permanganate even m fifteen minutes. For the detection 
of other organic acids and for other tests, see Notes on pp. 279 and 284. 

MANUFACTURE OF ACETIC ACID. The most important prime material for the 
manufacture of crude acetic acid is wood, alcohol (from cereals and wine) being only 
rarely used. 




Dry Distillation of Wood. It has been already mentioned (see p. 36) that Lebon in 
1799 patented a process of dry distillation of wood for producing illuminating gas and 
on p. 106, in dealing with the manufacture of methyl alcohol— also a product of the dry 
distillation of wood— the phases and crude products of this distillation out of contact of 
air were described. A description will now be given of the apparatus used in this industry. 
It is not necessary to consider the primitive furnaces formerly used, which gave a minimal 
yield and a slow and incomplete carbonisation, or the vertical retorts used m the early 
days of this industry, although these are again in use nowadays, but in a far more rational 
manner. These first vertical retorts were followed by horizontal ones, which are still 
used in many factories. 

These are formed of sheet iron (10 to 12 mm. thick) and are about 1 metre in diameter 
and 3 metres m length ; they are arranged in pairs m furnaces (Fig. 229) with suitable 
fines for the hot gases, and they can be charged and discharged by means of hinges at 
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the back, although not very conveniently. On this account and also in order to obtain 
continuous workmg and hence more efficient utihsation ot the heat of the furnaces, use is 
again being largely made of vertical retorts which can be removed from the furnace at 
the end of the operation, to be replaced immediately by other retorts already charged. 
In Pig, 230. on the left, is seen the arrangement of a battery of these retorts, with a trolley 

for raising and transporting the 
charged retorts, which are then 
emptied into the charcoal stove 
by means of the tipping trolley, 
K. The right-hand side of the 
figure show's ni detail the upper 
part of a retort charged with 
wood. The capacity of each 
retort is about 4 cu. metres or 
1500 kilos of wood; the smaller 
pieces are placed at the bottom, 
the medium-sized ones next, and 
the largest ones at the top. In 
order that the retorts may not 
be w'orn out too rapidly by the 
external heat, they are smeared 
with a very thin layer of earth 
made into a paste with water 
and applied with a brush. Every 
charge of 1500 kilos requires 
about 1000 kilos of coal for heatmg and distilHng. If leaks are detected during the 
heating, they are closed with clay, and it is for this purpose that the retorts project 
15 to 20 cm. beyond the furnace. 

Although this arrangement is still largely used, it necessitates a considerable amount 
of manual labour and lifting, so that it has been proposed to incline the retorts as in gas- 
manufacture, and to furnish them with apertures at the top for chargmg and others at 
the bottom for automatically disohargmg them. Fig. 231 show's the section of a battery 
of these retorts {A) of the Mathieu type, S givmg the cross-section of a retort. The wood 
is charged automatically from the running buckets, c, suspended at p. At the end of 
the operation the charcoal is discharged below 
into the vessel, P, which is provided with a cover 
to prevent the hot charcoal from igniting in the 
air. The vapours from the distillation pass into 
the tube, H, which conducts them into a coil 
cooled by the water in T and then mto the barrel, 

*/, where the tar and the pyrohgneous acid sepa- 
rate ; the gas, which does not condense but is 
still partly combustible, is washed and passes 
through the pipe, h, to be burnt under the furnace- 
hearth, D ; there is no danger of explosion since, 
if there is any air in the retorts, it cannot com- 
municate with the hearth, the barrel, J, serving 
as a water-seal. 

Of late years, nse has also been made of 
vertical retorts (Fig. 232) with an upper orifice, Fio. 232. 

o, for charging, and a lower one, 6, for discharging 

{see Ger. Pat. 192,295, November 15, 1906). From the hearth, &, the hot gases pass 
to the fines surrounding the retort and thence at S to the shaft ; the gases and vapours 
from the wood issue from the tube, n, and are partially condensed in the refrigerator, 
m. At the end of the distillation, the orifice, e, is opened and the charcoal discharged 
into the covered waggon, k, and conveyed to the store, whilst the retort, while stiU hot, is 
filled with a new charge of wood. 

If the retorts are heated, not with coal, but by the gases produced with hot air in a 
regenerator furnace {see vol. i, pp. 367 and 501), one-third of the fuel is saved. Every 
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distillation lasts from 6 to 8 Hours. The wood to be distilled is either stacked m 
piles for one or two years or dried m a warm chamber, which is placed near the retort 
furnaces and utilises hot gases which would otherwise be wasted. It is then cut into 
lengths, barked by hand or machinery, and divided longitudinally by circular saws or 
hatchets. The yield of acetic acid and by-products varies widely with the kind of 
wood. Preference is usual],y given to hard woods like oak, hornbeam, and beech ; 
of less value are w’-hite woods, wuth the exception of lime, which gives good results ; 

the wood of trees 18 or 20 
years old, gromi m a dry, 
poor soil and cut m winter, 
is more suitable than young 
wood or wood growi on 
plains in a moist or fertile 
soil and cut at other 
seasons of the year.i 

UTILISATION OF THE 
SAWDUST. Many attempts 
have been made, not always 
successfully, to utilise the 
various forms of wood re- 
fuse, especially the sawdust. 
But this presents consider- 
able difficulty owing to the 
excessive moisturC;, the large 
volume, the abundance of 
resins which char and 
Fig. 233. form incrustations, and the 

low thermal conductivity, 

which prevents the heat from reaching the middle of the retort. 

* The yields obtained fiom 100 kilos of various kinds of wood, baiked and subjected to rapid (R, about 3 hours) 
or slow distillation (L, more than 6 hours) are given below : 



hand of Wood 

Tar 

Aqueous acid distillate 

Bry 

charcoal 

Gas 

Total 

Strength 
of acetic 
acid 

Equal to 
pure 
acetic 
acid 




Kilos 

Kilos 

Per cent 

Kilos 

Kilos 

Kilos 

1 Breaking buckthorn (RhamniLSfiangida) branches L 

7 58 

45 21 

13 38 

6 05 

26-50 

20 71 

Bo. Bo. 


. R 

5 15 

40 23 

11-16 

4 49 

22-53 

32 09 

Hornbeam {Carpinus detidus) trunk 


. L 

4 75 

47 65 

13 50 

6 43 

35 37 

22 23 

Bo. Bo. 


. R 

5 55 

42 97 

12 18 

5 23 

20 47 

31 01 

Alder {Alnus glutinosa) trunk 


. L 

6 39 

44 14 

13 08 

5 77 

31 56 

17 91 

Bo. Bo. ... 


. R 

7 06 

40 70 

10 14 

4 13 

21 11 

31 13 

Aspen (Popidiis tremiila) trunk 


. L 

6 90 

40-54 

12 57 

5 10 

25 47 

27 09 

Bo. Bo. 


. R 

6 91 

39 45 

11 04 

4 36 

21 33 

32 31 

Birch {Betula alba) trunk 


. L 

5 46 

45 59 

12 36 

5 63 

20 24 

19 17 

Bo. Bo. 


. R 

3 24 

39 74 

11 16 

4 43 

21 46 

35 56 

Beech (Fagus splvatica) trunk . 


. L 

5 85 

39 45 

1137 

5 21 

26-69 

' 21-66 

Bo. Bo. 


. R 

4 90 

45 08 

9 78 

3 86 

21 90 

33 75 

Oak (Quemis robar) 


. L 

3 70 

44 45 

9 18 

4-08 

34 68 

17 17 

Bo. Bo. 


. R 

3 20 

42 04 

819 

3 44 

27 73 

27 03 

Austrian Pine (Pinus lancw) trunk 


. L 

9 30 

42 31 

' 6 36 

2 69 

26 74 

21-65 

Bo. Bo. 


, R 

5 58 

38 19 

5 40 i 

2 06 

24 06 

32*17 

Pine {Pinus abies) trunk 


. L 

5*93 

40 99 

5 61 

2 30 

25 55 

! 28 11 

Bo. Bo. 


. R 

6 20 

40 15 

4 44 

1 

1-78 

23 35 

32 80 


A detailed study of the distillation of chestnut wood was made by <3. Borghesani in 1910. 

The bark and branches always give a smaller yield. 

The plant of a small factory in Italy for distilhng 100 quintals of wood per day would require a capital outlay 
of about £5600 (excluding the factory) for the purchase of a horizontal retort or cylinder taking four tiolley- 
loads of 25 quintals each, a quenching drum, boilers, pumps, engines, copper coils, evaporating and rectifying 
apparatus, apparatus for the production of calcium acetate, methyl alcohol, acetone and tar, allowing 10 per 
cent for Customs duty and 10 per cent for erecting the plant and vaiious other expenses. 
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The problem has not yet been definitely solved, but the forms of apparatus which up 
to the present have given the best results are that of Halliday (1851), shoTO in Tig. 233, 
and the more recent one shown in Fig. 234. Above the Halliday furnace the moist 
material (saw’dust, exhausted dj^ewoods, &c.) is dried slowly in a and slowly descends 

a vertical screw moved by the cog-wheel, 
5, into the horizontal iron cylinder ; there 
the mass is transported slowly to the 
opposite end by a horizontal screw and 
falls in a charred condition through the 
channel, d, into a water-tank, where it is 
extinguished. The vapours and gases from 
the distillation issue at e and pass to the 
condensing apparatus. The cylinder is 
heated by the hot fumes from the fire, g, 
several cylinders being heated at the same 
time in one furnace. In the other type 
of furnace (Fig. 234) the process is also 
continous, the wood-waste being dried at 
a, and falling down outside a column 
formed of a number of superposed conical 
rings which occupy almost the whole of 
the interior of the eylmder, h ; the gases 
from the distillation pass inside this 
column, the more volatile ones issuing 
from the tube, c, and the less volatile ones 
from the lower tube, e, all being passed 
along the pipe, S, to the refrigerator. The 
charred wood is discharged at d. 

F. H. Meyer obtams better results by 
using two large retorts or cylinders set 
horizontally in a furnace. Into these 
cylmders run trolleys earrmng metal plates 
with the sawdust spread out in thm layers. The fire is started and the first cylinder 
heated and distilled rapidly, the hot fumes then going to heat the second cylinder and 
so dry the sawdust, which is made ready for distillation, whilst the first cyhnder is dis- 
charged and agam charged with fresh sawdust. In Russia and America, large quantities 
of resmous woods are distilled, and these yield considerable amounts of resins and oils (of 
pine, turpentine, &c.) if superheated steam is used. 

In 1905 the suggestion was made to distil wnod 
in retorts in a current of chlorme so as to obtain 
acetic and hydrochloric (70 per cent, of the 
chlorine used) acids at the same time. Further, 

Larsen constructed rotating furnaces for the dis- 
tillation of wood, and in 1904 the attempt was 
again made in Sweden to distil resinous woods 
with superheated steam so as to obtain an m- 
creased yield of turpentine. 

The liquid products from the dry distillation 
of wood are condensed in cooling coils and col- 
lected in large wooden vats. They consist mostly 
of an aqueous solution of acetic acid (about 5 to 8 235. 

per cent.), methyl alcohol (about 1 per cent.), and 

acetone (nearly 0-1 percent.), and of smaU quantities of other acids (formic propionic, 
butyric, valeric, caproio, &c. ). On this liquid floats part of the tar. the rest of which collects 
at the bottom ; the tar can be easily separated by decantation or by means of a centritup 
such as is used for the separation of cream from milk — a low^ temperature and sometimes 
addition of a little tannin being used to facih'tate the separation.^ The aqueous solution, 




The tar is washed with watei and heated to recover the acetic acid it contains, 
fiom acid being used m the manufacture of rubber and of electric wires, its price being 


the tar thus obtained free 
8s. to 10s, per qiimtal. 
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wliich ifo hTomi, and lias an unpleasant odour owing to the presence of einpyrcnmatic 
products, can be treated in various ways according as crude acid or a purer acid is required. 
In the first case it is filtered through w^ood-charcoal, left to stand for a week to see if 
any further tar separates, and then distilled, in quantities of 800 litres, in a large copper 
stiil winch has a capacity of 1200 litres {Fig. 235), is heated by direct-fire heat and is 
surmounted by three lenticular rectifying plates (Pistorius), the outer surfaces of these 
being cooled bV running water. All the method alcohol and acetone first distil at 60 to 
70^, their condensation being efliected m the cooling coil ; when no more alcoholic liquid 
passes over (that is, 'when the density at 15'^ reaches the value 1*000) (about 100 litres), 
the temjierature is raised to 95*^ and the acetic acid, which then begins to distil, is collected 
separately. To the 200 litres of aqueous, tarry matter remaining in the still, a further 
Cj[uantity of 700 litres of the crude p;vToligneous acid is added, the alcoholic and acetic 
acid portions being again collected separately and the distillation continued until oily 
or tarry ckops appear in the distillate ; a third charge is then added and the distillation 
carried out m the same way, the 200 to 300 litres of tarry matter left being then run off 
and a fresh distillation of three successive charges commenced. 

The acetic acid thus obtamed bears the name of pyi ohgneous acid and has a density 
of 1*013 ; it contains about 5 per cent, of the pure acid, has an intense empyreumatic 



odour and rapidly turns brown in the air. None of the attempts made to purify and 
deodorise this product have given satisfactory results, and it is preferably purified in- 
directly by addmg milk of lime until the leaction is alkaline, stirring well and allowing 
to stand until the tarry impurities collect on the surface or at the bottom and are hence 
easily separated by skimming and decantation. 

The solution of calcium acetate is then evaporated to half its volume and 
treated with about 1 per cent, of hydrochloric acid to separate the final traces of tarry 
substances remainmg dissolved. The liquid is then evaporated in shallow cast-iron 
pans heated with the hot gases from the wood-distillation furnaces (evaporation in a 
vacuum saves fuel and gives a better yield). The pasty calcium acetate which remains 
is heated to about 250° to decompose the tarry matters present, the heating being con- 
tinued until a small portion of the mass gives a solution no longer showing a brown colour. 
For this, roasting continuous furnaces, similar to Hasenclever^s apparatus for the prepara- 
tion of calcium h;>q)ochIorite {see vol. i, p. 494), are used, a current of air at about 250° 
being passed in at the bottom of the apparatus in place of the chlorine. This procedure 
yields a commercial product containing 80 to 82 per cent, of pure calcium acetate. 
According to U.S. Pat. 927,135, 1909, ■white calcium acetate of high grade (86 to 92 per 
cent.) is obtained if the concentration and drying are carried out in a vacuum. 

The separation of the various components of the crude p 3 ?Toligneous acid and the 
simultaneous preparation of calcium acetate may also be effected by a process in which 
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throe boilers are employed (Fig. 236). The crude, decanted xj\to ligneous acid is pumped 
into the large vat, -4, from which it passes to the copper boiler, (3000 to o< >1)0 litres), 
where it is boiled by means of steam-pixies (steam entering at V under 3 to 4 atmos. 
pressure and the condensed steam issumg at B). The vapours of acetic acid, methyl 
alcohol and acetone are passed tliroiigh the tube, t, to the bottom of the second boiler, 
(1000 to 2000 litres), filled with milk of lime (from the lime-tank, X), which soon becomes 
heated nearly to boiling but retams the greater part of the acetic acid as calcium acetate, 
whilst the vapours proceed tlirougli the boiler, Be-, which also contains milk of lime ; 
finally, the methyl alcohol and acetone vapours are condensed in the cooler, and 
collected in the reservoir, D, after passing through the test-glass, m, which indicates 
the density (see Fig. 129, X, p. 134, and Fig. 132, E, p. 136). The distillation goes on until 
the density reaches the value 1 00, this usually oecuiTing when one-tliird or one -quarter 
of the total liquid of the boiler, is distilled. The fii’st methyl alcoholic liquid which 
condenses, being more concentrated (30 to 40 per cent.), is kept and rectified apart from 
the remaining more dilute liquid by means of an ordinary rectihnng column, Hi, H 23 H^, 
in Fig. 236 {see also Fig. 138, p. 140). 

The aqueous tarry residue left in Xj, after evaporation of all the acetic acid, is 
discharged into the movable tank, ilX 

When the liquid in the second boiler, Bo, assumes an acid reaction, the vaiiour from 
Bi IS passed into Xg, whilst X 2 is discharged mto the vat, Fi, below, and again filled \ntli 
milk of lime, into which the vapours from Xg pass before they 
proceed to the condenser, X ^ ; a similar change is then made 
when the contents of Xg become acid, and so on. The calcium 
acetate (about 20 per cent.) is pumped to the filter-press, X, 
and the clarified solution collected m the vat, C\ which feeds 
the evaporating pans (iron or copper) which are fitted at the 
bottom with a lens-shaped jacket. This is best seen in Fig. 237 ; 
the steam for heating is passed in at a and the condensed steam 
runs ofi at 6 ; / is a hood fitted with counter -weights, gr, and 
hence capable of being raised, its object being to carry off the 
acrid, irritating vapours rising from the pan. More effective are 
pans with double concave bottoms. The concentration readily 
attains a value of 40 per cent. ; the liquid then becomes pasty 
and must be stirred, this being contmued until the mass will crumble between the 
fingers. The acetate is then lightly roasted at 125° to 145° on iron or copper plates 
heated by the hot gases from the pans or from the furnaces used for distilling the 
wood. By this means the mass loses the residual water and certain volatile tarry and 
empyreumatic products retained by the mass, which changes from brown to grey, if it 
is kept well mixed until it can be powdered between the fingers. The product is then 
broken up somewhat, and sold in bags holding 60 to 70 kilos. It contains 80 to 84 per 
cent, of pure calcium acetate, ^ 10 to 12 per cent, of water (half of which is lost only at 
about 150°), and 6 to 7 per cent, of impurities (CaCOg, CaO, tarry matters, &c.). 

F. H. Meyer (Ger. Pat. 214,558, 1908) obtains calcium acetate free from phenolic 
compounds (which calcium acetate usually holds very tenaciously in the form of an 
emulsion) by passing the gases from the distillation of the wood — ^when freed from tar — 
into a tower containing lumps of calcium carbonate, which combines with the acetic acid 
but not with the phenols. 

Also the fractional condensation method described in U.S. Pat. 969,635, 1910 (I. Heckel), 
although somewhat complicated, represents a marked improvement. 

To obtain acetic acid from calcium acetate, the latter was formerly decomposed with 
hydrochloric acid. Nowadays, however, the decomposition is effected with concentrated 

^ The sOength of commercial calcium acetate is determined by introducing a homogeneous sample of 5 gxms. 
into a distilling flask with 50 c c of water and 50 c c. of pure phosphoric acid (sp. gr. 1 2) ; the nuxture is shaken 
and heated gently to avoid frothing, the distillation products being cooled ana condensed. When the residue 
becomes dense, the distillation is contmued in a current of steam. The distillation is continued until the distiJlaf e 
amounts to about 200 c.c. ; this is then made up to 250 c.c Fart of this liCLUid is tested for hydrocliloric and 
phosphoric acids and 50 c.c. of it are titrated with normal caustic soda solution with phenolphthalein as indicator 
to determine the amount of acetic acid ; 1 c.c. of the normal soda solution corresponds with 0’079 grin, of calcium 
acetate. This titration also gives, besides acetic acid, traces of other volatile acids contaminating the calcium 
acetate, but this error is inevitable. Aqueous solutions of pure calcium acetate have the following densities ; 

5 per cent., 1-0330 ; 10 per cent,, 1-0192 ; 15 per cent., 1 0666 ; 20 per cent,, 1 0874 ; 25 per cent , 1-1130 ; 30 
per cent., 1-1426. 
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Milphiirie acid, the substances being mixed slowly in shallow iron pans arranged over a 
furnace and litted with covers and stirrers : for 100 kilos of calcium acetate, 65 to 70 kilos 
of commercial sulphuric acid of 66"^ Be. In order to avoid the formation of sulphur 
dioxide and other decomposition products at the high temperature attained initially 
and prevailing during the distillation, K. Lmde distils m a vacuum with steam-heat 
(superheated ^ necessary) ; this procedure renders the operation more rapid and the 
acetic acid pui'er, besides reducing the consumption of sulphuric acid almost to the 
theoretical amount (60 kilos) and allowmg of the treatment of larger quantities of material 
at a time ; further, the final portions of acetic acid, which are retamed with great tenacity 
by the calciuni sulphate, can be more easily and completely separated. The left-hand 
half of Fig. 238 shows diagrammaticaUy the arrangement used in treating calcium acetate, 
when vacuum distillation is not employed. The sacks of calcium acetate, on the upper 
floor are tipped through a hopper on to the flat cast-iron pans, 6, fitted with stirrers ; 
the pans are then closed and the measured amount of sulphuric acid in % (supplied from 
the large leaden tanks, e), slowly introduced. The mass, which begins to heat, is then 
heated by the fire underneath, the stirrers benig kept in motion meanwhile. 

The acetic acid is gradually 
evolved from the copper tube lead- 
ing first to the vessel, c, where the 
powder and acid spray carried over 
are deposited, and then to the copper 
coils in di where the acetic acid is 
condensed and cooled, to be col- 
lected in the tank, m ; a lateral test- 
glass, containing an aerometer, is 
fitted to the condenser and allows 
the density of the distilled acid to 
he read off at any moment. When 
the vapour-delivery tube begins to 
cool, the operation is at an end ,* the 
fire is then covered with ashes and 
the residual calcium sulphate dis- 
charged through a wide lateral tube, 
h, and conveyed from the factory by an archimedean screw. Another distillation is 
then immediately commenced. 

The peld from 100 kilos of calcium acetate amounts, under favourable conditions, to 
80 kilos of 72 to 75 per cent> acetic acid, which always contains a few per cent, of sul- 
phurous acid. Part of the latter has been already eliminated durmg the distillation as 
uncondensed gas and carried to the chimney. During recent years the introduction of 
vacuum distillation has been almost universal, as it economises fuel, gives an increased 
jfield and a purer product, and accelerates complete distillation with a minimal production 
of sulphurous acid. 

It will be readily understood that the use of less concentrated sulphuric acid and moist 
calcium acetate gives a more dilute acetic acid. A large part of the acetic acid is 
put on the market as it is or diluted with water to bring it to a concentration of 40 per 
cent., which is often required practically. 

When, however, purer and more concentrated acid is desired, use is made of a rectifying 
column quite simfiar to those employed in the case of alcohol (^ee p. 140). The column 
IS, however, constructed of copper, as this metal is more resistant (although not com- 
pletely so) than others towards organic acids, if air is excluded. The heating is carried 
out with indirect steam under 5 atmos. pressure, which circulates in coils at the bottom 
of the still. The copper column is fitted inside wdth perforated plates of porcelain or 
baked clay arranged alternately with copper or clay rings ; the condenser consists of a 
copper, or, more rarely, a clay coil. The right-hand half of Fig, 238 represents the 
rectifying apparatus : ^ is the still, h the column, f the dephlegmator, and ■i the condenser, 
l^lien the apparatus is not m use it is well rinsed and then completely filled with water, 
in order to prevent the acid, m presence of air, from attacking the copper. The first 
portion (about one-tenth) of the distillate is kept separate, as it is more dilute and contains 
the sulphurous anhydride and a large part of the empyreumatic products, and the last 
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teiitli or more is not distilled but is also kept separate, being Tery impure. According as 
more or less foreshots and tailings are separated, a rery concentrated (96 to 99 per cent.) 
acid, or one of about 80 per cent, strength is obtained, both, however, containing traces 
of copper and emp}Teumatic products ; the latter can be removed by mixmg the acid 
in clay vessels with a little concentrated potassium permanganate and then filtering. 
The empyreumatic substances may also be removed (e.g. in the manufacture of essence 
of vinegar) by distilling the acid over potassium chromate. Traces of copper are elimi- 
nated by rechstiUmg this acid from a copper still by means of indirect steam, the con- 
densing coils and tubes being of earthenware or silver and carboys being used for collecting 
the pure, refined acid. Nowadays it is sometimes considered preferable to construct the 
small head of the still and the whole of the refrigerating coil of silver, as is shovii in 
Fig. 239, since the coil then conducts heat well and is not much more expensive than the 
two earthenware coils necessary to give the same rapidity of condensation ; besides which, 
earthenware coils are fragile and of no value when broken.^ According to Ger. Pat. 220,705, 
1907, pure acetic acid containing only traces of SO 2 can be obtained by heating calcium 
acetate (100 parts) to 130° in a vacuum and then introducing a mixture (55 parts) of equal 
amounts of acetic and concentrated sulphuric 
acids ; by continuing the heating m a vacuum, 
the whole of the acetic acid, including that added, 
distils over, the yield bemg 95 per cent. 

During the ^vmter care must be taken not 
to cool the condensing coils too much, as other- 
wise the pure (glacial) acetic acid may solidify 
and cause obstruction. Also in stores ■where 
acetic acid is kept in wooden casks, earthenware 
vessels, or carboys, the temperature must be 
maintained above 16° if a troublesome sohdifi- 
cation of large quantities of the acid is to be Fig. 239. 

avoided. Glacial acetic acid is also prepared by 

distilling 92 parts of pure dehydrated (by fusion at 240°) sodium acetate -with 98 parts of 
concentrated sulphuric acid. In 1901, the Renania chemical firm patented a process for 
distilling calcium acetate with a sodium polysulphate, Na 2 Hg(S 04 ) 2 , which acts like 
sulphuric acid but vathout giving secondary decomposition products. Formerly, glacial 
acetic acid was obtained by Melsen^s reaction (1844), wMch consists in adding potassium 
acetate to dilute acetic acid and evaporating until a salt, combined ■with acetic acid, 
crystallises ; this salt, •v^hich melts at 148°, decomposes at 200° to 250°, pure glacial 
acetic acid distilling and the potassium acetate (which decomposes only above 300°) 
remaining for a subsequent operation. 

USES, STATISTICS, AND PRICE OF ACETIC ACID. Considerable 
quantities of commercial acetic acid (35-40 per cent.) are used in printing 
and dyeing wool and silk, especially with alizarin and other dyes which 
withstand feebly acid baths ; it is also largely employed for giving silk its 
characteristic rustling property after dyeing or cleaning. The pure acid 
serves in the preparation of numerous acetates (ammonium, chromium, and 
aluminium- — which are used in dyeing tissues and rendering them impervious 
— ^lead, &c.), different esters and various aniline dyes. After it became 
obtainable in a pure state, by rectification, it acquired great importance for 
the preparation of essence of vinegar (various aromatic herbs being added) 
and, when diluted with water, replaces ordinary table vinegar. It has been 
proposed to denature acetic acid, to be used in chemical industries, by addition 
of formic acid, so that it may be freed from taxation {see p. 280). 

^ Testing of acetic acid. If no empyreumatic products are present, a mixture of 10 c.c. of the acid, 15 c.c, of 
water, and 1 c c. of 0 1 per cent, potassium permanganate solution will remain reddish m colour for more than one 
minute. The acid should not contain higher homologous acids ; these are detected by dissolving PbO (litharge) 
in the 30 per cent, acid until only a faint acidity remains, the solution bemg then heated and filtered ; if the 
crystals which form are not transparent and colourless, but show white flocks like mould, the acid is to be rejected. 
The presence of other organic acids in acetic acid can also be detected by fractionally precipitating the silver 
salt and determining the silver in the separate fractions by heating in a crucible. Pure silver acetate contains 
64 6 per cent, of silver^ For other tests see p. 272. 
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The price of the acid vanes vith the purity and concentration^ | ordinary commercial 
30 per cent. (sp. srr. 1-041) is .^old at about 2is. ; the 40 per cent, acid (sp 1-05-) at 
30i to 32s. ; and the 50 per cent, acid (sp. gi'. 1-061) at 40s. per qumtal. The p^e acid 
costs 25 per cent, more than the commercial at the same concentration, and the pure 

dacial (99 to 100 per cent.) 88s. to 92s. per quintal. , ^ , .-u 

There are four or five factories in Italy for the distillation of wood and the preparaticn 
of calcium acetate and acetone (one firm alone distils 300 quintals of wood per day), hnt 
thev -svork irregularly, and in recent years calcium acetate has been imported from America. 
In 1910, 13,200 quintals -were imported (all from the United States) at average price 
of 19s. per quintal ; in the same year 2212 qumtals of the impure acid of less than 60 per 
cent, strength were imported at an average price of 22s. to 24i., and 772 quintals of the 
pure acid of more than 70 per cent, strength at a price of 46s. to 72s. per qumtal; also 
861 quintals of crude acid and 1447 of pure dilute acid were exported. 

In 1900 the United States produced 400,000 quintals of calcium acetate.* Germany 
obtained from wood m 1903 more than £280,000 worth of glacial acetic acid and exported 
about 35,280 qumtals of greater strength than 30 per cent., this quantity diminishing 
to 28,453 quintals m 1905 and to 15,700 qumtals in 1910 (also 1360 qumtals less 
concentrated than 30 per cent.) ; 48,000 quintals of pyroligneous acid were imported 
for purification. 

In. 1900 the Badisclie Anilin- und Soda-Fabrik, Ludwigshafen, consumed, merely 
for the spithesis of artificial indigo (chloroacetie acid being prepared by means of liquid 
chlorine), more than 20,000 quintals of glacial acetic acid (correspon^ng with 100,000 
ou. metres of wood), the total production of this acid in Germany being about 100,000 
quintals. 

Germany imported, in IQOI, 182,000 quintals of calcium acetate ; 205,100 quintals 
in 1905 ; 201,000 in 1906 ; 174,000 in 1908 ; and 235,450 in 1909 ; the production in 
the country did not exceed 100,000 quintals. 

France distils every year the "wood from 200,000 hectares of forest, obtaining 50,000 
to 55,000 tons of distilled products of the value £600,000. 

Importation to England was 3700 tons of acetic acid in 1909 and 4450 tons (£87,920) 
in 1910 5 also 3500 tons of calcium acetate in 1909 and 4300 tons (£42,470) in 1910, The 
United States exported 30,000 tons (£306,000) of calcium acetate in 1910 and 35,000 tons 
(£318,600) in 1911. 

The manufacture of crude pjrroligneous acid in Italy is exempt from taxation, but 
the rectification and production of the pure acid are subject to a manufacturing tax of 
12^. per quintal for acid of less than 10 per cent, strength ; 415. for 10 to 30 per cent, 
acid ; 725. for 30 to 50 per cent, acid ; IOO5 for 50 to 75 per cent, acid ; 1205. for 70 to 
90 per cent, acid ,* and 1445. for stronger acid. The Customs import tara:ff adds a further 
tax of 19d. per quintal for crude p3.Toligneous acid of less strength than 50 per cent., and 
for the pure aeid up to 10 per cent. ; 4s. lOd. for 10 to 30 per cent, acid ; 85. for 30 to 
50 per cent- acid ; II5. for 50 to 70 per cent, acid ; 14s. for 70 to 90 per cent, acid ; and 
105. for 90 to 98 per cent. acid. 


MANUFACTURE OF VINEGAR 

Vinegar is formed by the acetic fermentation (by means of Mycoderma aceti, Bacillus 
aceticus, or Bacterium aceti, seeg. 122, Fig. 114, a) of saccharine liquids which have under- 
gone alcoholic fermentation, such as wine, beer, cider, &c. Since this transformation 
of alcohol into acetic acid takes place merely on exposure of these liquids to the air, it is 

^ The balance-sheet for a small factory treating 10 quintals of calcium acetate pei day is roughly as follows : 
Outgoings 10 qumtals of 80 per cent calcium acetate, 350 lire •+ 600 hilos of coal for decom- 
posing the acetate, for the first and second distillations, for reetifi.cation and for generating steam, 

20 lire 4-6 5 quintals sulphuric acid (66® ui ), 41 lire 4~ staff and general expenses, insurances, 
dc , 40 lire 4 - depieciation on machinery (60,000 lire) and buildings (40,000 lire), 25 lire + lubrica- 
tion, lighting, repairs, <l'c , 18 lire 4~ motive power 3 lire Total 602 lire 

Income * 450 Icilos of 9S per cent, acetic acsid, 450 lire 4- 300 kilos 30 per cent, acetic acid, 85 lire. Total 635 lire. 
Capital employed (circulating as well), 120,000 lire ; net annual profit, about 12 5 per eent- 
2 In 1907 the United States contained 100 distilleries treating a total of 4,390,000 cu metres of wood (1,767,000 
cu. metres in 1900) u ith a mean yield per cubic metre of 8 to 10 litres of methyl alcohol (82 per cent ), 22 to 25 
kilos of calcium acetate (80 to 82 per cent.), 15 to 20 litres of tar, and 0 5 cu. metre of charcoal, 0 G cu. metre 
of wood being used as fuel for heating the retorts The best yields are obtained with maple-wood, then follow 
beech, birch, and the Conifers (which form only 10 per cent of the total wood distilled). The numerous sawmills 
of the United. States yield 150 million tons of waste. 
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probable that vinegar and hence acetic acid "vvas the first acid knovii to man. The same 
result is obtained by treating alcohol vuth various oxidising agents (ciiromic acid, ozone, 
manganese dioxide and sulphuric aeid, &c.), but acetaldehyde is also largely formed m 
these cases, which hence do not compete in practice with the biological process. The 
composition of vinegar was studied b}" Eerzelius (1814), and Ivutzing in 1837 showed 
the importance of the living organism of the mother-of-vinegar to the formation of acetic 
acid, while Turpin in 1840 examined and characterised these micro-organisms more 
exactly. According to Liebig, the transformation of alcohol into acetic acid is brought 
about by the catalytic action of certain nitrogenous substances capable of fixing oxygen 
from the air and of yielding it to the alcohol. In 1868, however, Pasteur showed that 
this phenomenon is caused by a vegetable organism, Mycoderma aceti, formed of small, 
oblong cells (about 3 micro -mm. long), slightly constricted in the middle (where 
segmentation then takes place) and often arranged in chains. When these multiply at 
the surface of the alcoholic liquid, they form first a tlnn membrane which gradually 
thickens, and when this membrane is formed in the body of the liquid it becomes muci- 
laginous and spreads through the whole liquid, givuig a compact mass — the so-called 
mother-of-vinegar — reaching to the surface. It develops very well in slightly alcohol, c 
liquids (3 to 6 per cent., but better with 13 per cent, of alcohol, and still more readily 
in presence of about 1 per cent, of acetic acid and OT per cent, of phosphate) ; the most 
favourable temperature is about 30 per cent., acetification ceasing at 45° and below 5° ; 
the action is retarded by light. When the acetic membrane becomes submerged, the 
fermentation ceases and only recommences with the formation of a fresh superficial 
membrane, which can absorb oxygen from the air and transfer it to the alcohol ^ : 

CHa-CHg-OH + Oo = H^O -f CHg-COOH. 

According to this equation, the theoretical yield is 60 grms. of acetic acid per 46 grms. 
of alcohol, but the practical yield is 15 to 20 per cent, less than this ; under the most 
favoui’able conditions, a liquid contammg 10 per cent, of alcohol by volume yields a 
vinegar with 10 per cent, of the aeid by weight. When almost all of the alcohol is 
converted into acetic acid, part of the latter begins to decompose into HgO q- COg ; this 
change can be avoided by continumg to add alcohol to the acetic liquid or by causing 
the mother-of-vinegar to smk, and decanting the liquid. The old or slow wine-vinegar 
process, known as the Orleans frocess,"^ has been replaced almost everj’where bj^ the more 
rapid German process, proposed b}’' Schiitzenbach in 1823 and subsequently greatly 
improved. But as early as 1730 Boerhave prepared vmegar — and in some places his 
method is used even to-day — by means of two vats standing on feet and communicating 
at the bottom by means of a tube. One vat is filled with the wine, but the other is only 

^ This explains the harmful effect of vi,iegar ivoms (small worms belonging to the Kematodes), which form 
a transpaient, white, slimy mass moving along the walls of the vessel, and breaking the skin of My co- 
da ma aceti at the surface of the liquid and hence 
causing it to smk. Another enemy of vmegar is 
the vinegar mite (an insect i mm m length) which 
multiplies at an enormous rate and accumulates in 
large masses in the vinegar, succeeding in interrupt- 
ing the acetic fermentation and starting putrefacti\ c 
changes. In order to prevent the entry of these 
insects into the vats and casks, the latter aie 
smeared outside with a ring of birdlime, to which 
the mites become fixed. Also Mycoderma vini hinders 
the development of Mycodenna aceti, and equally 
harmful to acetic fermentation are antiseptic sub- 
stances in general, sulphur dioxide aud empyreu- 
matic substances (including those of pyroligneous 
acid). Blue and violet light (hence white light, but 
not red or yellow light) likewise retard the gro^\i:h 
of Mycoderma aceti. 

* This process is one of the oldest and was for- 
merly, and IS still, carried out more especially in the 
town of Orleans, by filling a number of superposed casks (Big. 240) to the extent of one-eighth of their volume with 
good wine vinegar and then adding each week about 10 litres of wine (or "wme-dregs, containing 8 to 10 per cent, 
of alcohol, filtered through beech shavings in the vat, E ; w'hite wines are preferable). "When the casks are about 
half-fuU, the vmegar is made and two-thirds of it is drawn off and either filtered through beech chips or allowed 
to deposit in the vat, E% underneath ; the addition of 10 litres of wine per week is then continued. By means 
of the stove, X, the temperature is maintained at 25“ to 30®. This method gives a fine, aromatic vmegar, but it 
3 {Very slow and cannot be interrupted when desired. Pasteur prepared vmegar of an inferior quality, more 
rapidly by adding a little vmegar to wine in wide, shallow vats and then sowing on the surface a little pure 
Mycoderma aceti from another vat. 



Big. 240. 
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about half tilled, the vmassf not being submerged. Every twelve hours the full vat 
IS half emptied into the other. If the temperature is kept at 25 to 30 , acetiflcation is 

complete in 12 to 15 days. j i k 

Ih the German or rpuV* vinegai process, wooden vats. 2 5 to 3 metres high and 1 6 to 
2 metres in diameter, are used (Fig. 241). These are filled almost completely with wood 
shavmgs, which are supported on a perforated false bottom, L, and covered with a wooden 

disc with perforations traversed by cords held by knots so 
form a uniform spray of the alcoliolio liquid (8 to 
10 cent.), mixed with one-fifth of its volume of wme- 
vinegar, over the wood chips. Six or seven^ glass tubes 
passing through the upper disc allow of a continuous circu- 
1 I periphery of the lower part 

through the holes, Z, and through the pipe, B, 
I passes through the shavings — which become gradually 
warmed as acetification proceeds—and issues through the 
apertures, >2^ at the top. The temperature is shown by a 
thermometer, T 9 inserted in a glass tube, reaching to the 
middle of the vat. When the temperature exceeds 40°, it 

IS lowered by a more rapid passage of the alcoholic liquid, 

which collects at E, and is discharged by the siphon, H, to 
be conveyed to the top of the vat and again circulated 
* through the shavings, this process being continued until 

acetification is complete. Li some cases three such vats are superposed, the liquid 
passmg down tlirough them all ; after one or two complete circulations the operation is 
complete, although the amoimt of acid formed is not equal to that of the alcohol in the 


original liquid. 

The liquids thus obtained contain up to 12 to 13 per cent, of acetic acid (14 per cent, 
cannot be exceeded as the Mycodeyma would then be 
killed) and, if the operations are conducted with 
care, less than 10 per cent, of the alcohol used is lost ; 
otherwise, especially if the temperature becomes too 
high, so that part of the alcohol evaporates, the loss 
may amount to 30 to 50 per cent. 

Ymegar of an inferior quality is largely prepared 
nowadays from various alcoholic liquids made from 
cereals, starch, beetroot, or molasses, just as indus- 
trial alcohol is prepared. But such vinegar lacks 
the pleasant aroma of wine -vinegar. 

It has been proposed to accelerate acetification by 
means of compressed air, but greater success has 
attended the 2Iicliaelis or Luxemburg metJiod, in 
which acetification is carried out in rotating casks (5 
to 6 hectols.) filled with heech shavings (washed first 
with hot water and then with hot vinegar) and tra- 
versed by two osier tubes, one along the horizontal 
axis and the other along the vertical axis, to allow 
of the circulation of air. The shavings are washed 
with wine -vinegar, and the cask filled about half 
full with wine (Big. 242). During the first three 242. 

days the casks are rotated three times a day and 

subsequently six times a day, Acetification as complete in about eight days. 

An ingenious, rapid, and continuous method for the manufacture of vinegar is that 
of Villon (Big. 243), which makes use of two drums (2 metres by 2 metres), B B, arranged 
inside in the form of a spiral. The iron spirals are covered or varnished with gutta-percha 
and are 30 metres in length, the coils being 10 cm. apart and the spaces between filled 
with beech shavings or charcoal. The drums rotate in opposite directions, the left-hand 
one rotating once in five minutes and dipping up each time 8 litres of the alcoholic liquid 
from the vessel, 0, this liquid being then passed through the axial tube to the second 
drum, wliich discharges it into the other dish, 0. The liquid then passes to a similar 
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pair of cli’umf! and tlience to a third pair, on leaving which the vinegar is ready ; by this 
means 1000 litres are jirodiiced in 20 hours. B}" means of the pnnip, E, a current 
of air IS drawn llmough each drum to the centre, whence it passes through the tube, 
to a coolmg coil, S, to condense the small amoimt of acetic acid vapour it carries over. 



Fig. 243. 


Another contmuous and very rapid method, which avoids loss of acetic acid or aldehyde 
and diminishes the labour necessary by establishing more intimate contact between the 
alcoholic liquid and the subdividing material, is that m which the stave acetifier (Figs. 244 
and 245) is used. This consists of a wooden box, P, about 1 metre vide and 2 metres 
high, terminatmg at the top in a channel, E. The box is filled vith nine or ten layers 
of thin beech sticks placed vertically and very close one to the 
other. The position of the sticks in one layer is crossed with 
respect to that of the sticks in the next layer. These sticks are 
held apart by small strips of wood so as to allow of the passage 
of a thin film of liquid downwards and of the air upwards. The 
total surface of the sticks in an apparatus of the dimensions 
stated above amounts to more than 1000 sq. metres, so that the 
oxidation is extraordinarily rapid, while the working, which 
may continue uninterruptedly for years, is extremely regular 

and simple. The air enters at a 
lateral slit, Z, at the bottom, this 
being covered with gauze to prevent 
access of harmful insects ; and the 
draught is regulated by a slider in 
the exit-channel, B ; the vinegar is 
discharged at E. The thermometer, 

P, shows the temperature of the 
air as it leaves. The figure shows 
also the contrivance for feeding the 
apparatus regularly and continuously 
with the alcoholic liquid. The latter 
is contained in the tank, B, in which 
is a wooden float, P, moving along 
three vertical rods, L, and carrying 
the glass siphon, W, terminatmg in 
a rubber tube with a regulating 
clip, n. The liquid from the siphon 
falls nito a tube, G, and thence 
through the tube, A C, to the vessel. 

Fig. 244. (3 litres capacity), and, when this 

is full, it discharges through the siphon, r, on to the perforated plate, F, which distributes 
the liquid as a fine spray over the bundles of sticks, and is traversed by several glass tubes 
to allow of the escape of the ascending air. In this way the flow of liquid from B is 
independent of the amount of liquid present in it at any instant (that is, of the pressime 
it exerts). The clip, n, is regulated so that the vessel, H, is refilled and discharges its 
3 litres of liquid every one or two hours (or in any other prearranged time). 

Attempts have been made to replace the ordinary biological acetification by chemical 
oxidation of the alcohol by means of platmum black or even of ozone, hut neither method 
has attained to practical importance. 
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Vinegar is kept in full casks in stores like those used for \une, but it is not injmcd 
by a high air-teinperatiire. An excess of air in the vessels and the continued presence 
of the mother -ot-vinegar lower its strength, and, when tins becomes too low', putrefaction 
may develop. Its keeping properties and aroma may be enhanced by pasteurisation 
{see p. 156) at 50° to 60°, A w'eak vinegar may be strengthened and kept if a little 'pwe 
acetic acid is added to it. 

WINE VINEGAR (w'hite or red) is distinguished from other vinegars by its aroma, 
due partly to ethyl acetate and to small proportions of aldehydes. It usually contains 
6 to 9 per cent, ot acetic acid and less than 1 per cent, of alcohol, and has the density 
1*015 to 1*020. The extract and the ash have the same compositions as those of wines, 

the former being rich in cream of tartar. i x • 

BEER VINEGAR contains 4*5 to 6 per cent, of extract rich in maltose, dextrin, 

albummoids, and phosphates, and exempt from cream of tartar. 

This vinegar also contains less acetic acid and, smee it does not keep so well as that 
from wine, is used to break down excessively strong vinegars. 

ARTIFICIAL VINEGARS, prepared from purely alcoholic liquids or from acetic acid 
and a colouring material such as caramel, have very little extract and no cream of tartar, 
whilst the percentage of acetic acid sometimes reaches 12 or 13. 

In the ANALYSIS OF VINEGAR, the density of the extract and the ash are deter- 
inuied as with wine (p. 156). The content of acetic acid cannot be estimated exactly 
with a standard alkali solution, since other acids (tartaric, succinic, &c.) present influence 
the titration ; nor do the graduated tubes [acetometers) give accurate results. A more 
exact determination is effected by distilling the acetic acid in a current of steam, as in 
the analysis of calcium acetate (p. 277). 

Adulteration of vinegar, which is somewhat frequent, is detected by the following tests : 
real wine vinegar exhibits certain relations between the acetic acid and extract. In wine 
the ratio is 4 parts of alcohol for about 1 of extract, after deduction of thc' sugar present 
in SAveet wines ; assuming a loss of 15 per cent, of the alcohol during the conversion into 
vinegar, a pure wine vinegar wnth 5*31 per cent, of acetic acid should contain 1*08 per 
cent, of extract ; one with 7*15 per cent, of acid, 1*44 per cent, of extract ; one with 
8-9 per cent, of acid, T8 per cent, of extract, and one with 10*7 per cent, of acid, 2T6 
per cent, of extract, the ratio of acid to extract always bemg about 4-9:1. Addition 
of malt or beer vinegar is recognised by its reduction of Fehling’s solution, or by 
concentrating 80 c.c. of the viiiegar to about 2 c.c. and then adding alcohol : the 
formation of a white precipitate (dextrin) soluble in water indicates such adulteration 
with certainty. 

If mineral acids have been added, 4 or 5 drops of a dilute alcoholic solution of methyl 
'Violet (1 : 10,000) -will give a greenish colour with 25 c.c. of the vinegar ; also, with zinc 
sulphide, hydrogen sulphide is evolved ; and, finally, after the vinegar has been heated 
with a trace of starch, it will not give a blue colour mth iodine. The presence of sulphuric 
acid in vinegar is detected by the white precipitate formed with barium, chloride, hydro- 
chloric acid by that given by silver nitrate and oxalic acid by the formation of a white 
precipitate 'with calcium chloride. 

Artificial colouring-matters are detected in the same wuy as in wine and beer, and 
p^Toiigneous acid by the furfural reaction (see this). 

The price of good >yine vmegar is little less than that of wine, but artificial vinegars 
are cheaper. 

France produces annually 600,000 to 700,000 hectols. of vinegar, but m Italy the 
production is much less owing to the competition of artificial vinegar and to the excessive 
duty of 17 s. 6d. per heetol. ; m 1904-1905 the thirty-eight Italian vinegar factories 
co-nsumed 6160 hectols. of alcohol, the output of artificial vmegar being 60,000 licctols. 

DERIVATIVES OF ACETIC ACID 

SALTS OF ACETIC ACID. These are termed acetates, and are all 
soluble in water (the least soluble are silver and mercurous acetates). They 
are readily formed by neutralising acetic acid with metallic oxides or car- 
bonates, previously dissolved in water. But pure anhydrous acetic acid or 
its alcoholic solution does not decompose alkaline carbonates, so that COg 
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precipitates potassium carbonate from an alcoholic solution of potassium 
acetate, acetic acid being liberated. 

Even in aqueous solution, acetic acid undergoes only slight dissociation, 
but the acetates are considerably dissociated and diminish the dissociation- 
and hence the acid characters of acetic acid {see vol. i, p. 94). 

POTASSIUM ACETATE (Normal), CH3‘COOK, melts at 229° and is soluble in wate> 
or alcohol. It is obtained by neutralising potassium hydrogen carbonate (KHCO3) solution 
with acetic acid and evaporatuig to dryness. The acid acetate, CHs'COOK, €21^4^25 
is obtained by dissolving the normal acetate in acetic acid and separates from the latter 
m crystals which melt at 148° and decompose at 200°, liberatmg anhydrous acetic acid. 

K Diacid Potassium Acetate, CHg-COOK, 203^4^2? melting at 112°, is also knovn. 

The commercial refined normal acetate costs £6 per qumtal. 

SODIUM ACETATE, CHg-COONa, crystallises from water with 3H2O, melts at 
100°, loses water and solidifies at a higher temperature and then melts only at 319°. 

In the cold it dissolves to some extent (1 : 23) m alcohol or m its own weight of water, 
giving a feebl}" alkalme solution and considerable lowering of temperature. 

It is prepared by neutralising pyroligneous acid almost completely with sodium 
carbonate and concentratmg the solution (after removal of the tar from the surface) to 
27° Be. ; the crystals which separate on cooling are centrifuged, but are always reddish 
brown. The mother-liquors (which readily become mouldy) are taken to dr;}iaess and 
lightly roasted to bum the tarry products. C^rade sodium acetate is preferably prepared 
by treating calcium acetate with sodium sulphate and then with a little soda to precipitate 
all the lime ; the filtered or decanted solution is evaporated to dr\mess, heated to 250°, 
redissolved in water, concentrated, and allowed to crystallise. 

Accordmg to C. Bauer, pure sodium acetate, free from the reddish brovm colour, 
can be prepared directly from pyroligneous acid by neutralising with sodium carbonate, 
and addmg to the solution concentrated to 27° Be., 2 per cent, of caustic soda, the liquid 
being then allowed to crystallise in wide and shallow wooden vessels. The crystals are 
separated by centrifugation and redissolved, the small amount of free caustic soda being 
then neutralised vnih commercially pure acetic acid ; the solution is boiled to expel the 
excess of acetic acid, concentrated to 27° Be., and left to crystallise. 

Acid sodium acetates are also kno^vn. 

Sodium acetate serves for the preparation of pure acetic acid, and is used in dyeing, &c. 

Crude red sodium acetate is sold, according to its degree of purity, at 28a. to 30a. per 
quintal ; the white purified crystals (pharmaceutical) at 48a. to 56a. ; and the doubly 
refined and fused anhydrous product at 104a. 

AMMONIUM ACETATE, CHa-COONH^, is obtained by neutralismg hot glacial 
acetic acid with a current of dry ammonia or with ammonium carbonate. The pure 
crystals which separate melt at 113° to 114° and, although not highly hygroscopic, dis- 
solve readily in water giving an alkaline solution ; the solution in acetic acid deposits 
the acid acetate melting at 66°. The salt acts as a sudorific and dissolves lead oxalate 
and sulphate. It is used to some extent in dyeing. 

The commercial brown solution at 10° Be. costs £2 per quintal and the pure solution 
of the same density 49s. 6d. ; chemically pure crystals cost £10 per quintal. 

CALCIUM ACETATE, (CH3*COO)2Ca -h 2H2O. The preparation of the commercial 
product has already been described on p. 276. The pure salt is obtained by repeated 
crystallisation from water, and costs up to 96^. per quintal. Its solubility in water 
diminishes with rise of temperature up to a certain point and subsequently increases. 

FERROUS ACETATE (Pyro lignite of Iron), (CH3-COO)2Fe. The crude product, 
used as a mordant in the dyeing and printmg of textiles, is obtained from p^Toligneous 
acid and iron filings, or from calcium pyrolignite and a concentrated solution of ferrous 
acetate ; the tarry substances present preserve it from oxidation. A solution of 20° Be. 
costs 125. per quintal and one of 30° Be. 17s. 6c?. The pure product is prepared by 
dissolving freshly prepared ferrous hydroxide in 30 per cent, acetic acid. 

FERRIC ACETATE, (C2H302)3Fe, used as a mordant in dyeing, is obtained from 
the ferrous salt and sodium acetate. It gives a reddish brown solution in the cold, but 
in the hot and in presence of a large amount of water, a reddish brown mass of basic 
ferric acetate, Fe(03B[302)20H, separates ; it is this which fixes the colouring-matters. 
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ALUMINIUM ACETATE (Normal), A1(C2H30,)3, is obtained from aluminium 
sulphate and the corresponding quantitj' of lead acetate. It is known only in solution, 
in wkicli it gradually undergoes spontaneous decomposition into acetic acid and the basic 

acetate : A1(C2H302)3 + H2O = A1(C2H302)2^^H + C2H4,02. i ^ i 

When the solution of the basic acetate is boiled, aluminium hydroxide and acetic acid 

separate : Al(G^Il3047)20H 4* 2 H 2 O == A1(0II)3 + 2023.4:^2“ , 

It is used in dyeing, in the printing of textiles and in the preparation of impermealle 
fabrics For the last purpose, the material is first soaked in aluminium acetate solution 
and then heated or steamed, A1(0H)3 thus being deposited m the pores of the fabric, which 

is rendered impervious to water. ^ , n* 

BASIC ALUMINIUM ACETATE, A1{C23^02)203 + is obtained crystalline 

bv evaporating a solution of the normal acetate cautiously at a temperature not exceeding 
38° ; it is soluble in water. Dilute solutions (4 to 5 per cent.) of the normal acetate 
gradually deposit, on the waHs of the eontainmg vessel, a porcelain-hke crust of a basic 
Letate with 2H2O or 2I-H2O : this is msoluble in water. ^ 

It is used, like the normal salt, m dyeing, textile-printing, &c. 

SILVER ACETATE, C2H302-Ag, is obtained crystalline by adding silver nitrate 
to a concentrated solution of an acetate {e g, that of ammonium). It^is a characteristic 
salt crystallising from water in shming needles (solubility 1 : 100 at 20°, 2-5 : 100 at 80 ). 
Wlieu calcined in a porcelaui crucible, it leaves, like all organic silver salts, pure metallic 
silver. 

NORMAL LEAD ACETATE (Sugar of Lead), (CH 3 COO) 2 pb + 3HoO, 
forms monocliiiic plates or crystals, has a disagreeable, sweetish taste, is 
poisonous and exhibits a faintly acid reaction. It is slightly soluble in alcohol 
and more so in water (1 part dissolves in 1*5 part of water at 15°, in 1 part 
at 40°, or in 0*5 part at 100°). It loses the water of crystallisation over 
sulphuric acid or at 100° and then melts above 200°. 

It is used as a mordant in the dyeing and printing of textiles and also 
in the preparation of various lead salts and paints and certain pharmaceutical 
products ; further, for conferring hot-drying properties on linseed oil to be used 
for varnishes. 

Italy produced 450 quintals in 1904, 800 in 1906, and 1400 (worth £3680) in 1908. 
Germany exported 17,655 quintals in 1905 and 20,780 (worth £52,000) in 1906. 

The refined cr3’'stalline product is sold at 485. to 5Qs. per quintal, and the chemically 
pure at 72s. 

It is best prepared commercially by the Bauschlicher -Bauer method (1892-1905) 
from commercial pure 60 per cent, acetic acid {see Tests on pp. 272 and 279) and pure 
litharge contaming 99 per cent, of PbO.^ A pitch-pine vat is fitted with a tight cover 
With three apertures : the central one for the shaft of a wooden stirrer, another for a 
copper cooling coil to condense the acetic acid vapours, and the third for the neck of 
a large wooden hopper, by means of which the litharge is dropped on to a wooden dis- 
tributing roller provided with teeth and placed under the lid. The required quantity of 
acetic acid is heated to 60° by a copper steam coil in the bottom of the vat, and the litharge 
gradually added m the proportion of 103 kilos per 100 kilos of 60 per cent, acetic acid ; 
each 100 kilos added require about an hour to dissolve if the stirrer is kept in motion 
and the temperature does not exceed 66°. The solution has a density of 70° to 72° Be. 
and, if it does not show an acid reaction, it is slightly acidified with acetic acid,^ and 
the mother-liquor (35° to 37° Be.) from a preceding operation added m such amount that 
the density becomes 50° to 52° Be. The solution at 65° is then allowed to clarify in a 
couple of tightly closed wooden vats, each fitted with a horizontal rail carrying strips 
of lead dipping into the liquid so as to remove the small amount of copper present. After 
5 to 6 hours the solution is passed through a cloth filter-press with wooden channels, 
and is then left to crystallise in wooden vessels for 8 to 10 days — until the density 

^ It should contain neither iron, which would colour the crystals, nor alummmm, which would render firltation 
difficult. 

* The subsequent crystallisation is rendered difficult if the solution contains basic acetate, the presence of this 
being inferred from the turbidity produced on mixing a little of the liquid with an equal volume of 1 per cent, 
corrosive sublimate solution. 
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of the mother -liquor falls to 35° Be* m winter or 37° m summer. After the liquid has been 
decanted, the mass of small crystals (more concentrated and hotter solutions give larger 
crystals) is treated in a copper centrifuge and dried in wooden boxes placed in a vacuum 
apparatus at a temperature not exceeding 30°.^ 

MONOBASIC LEAD ACETATE (Subacetate of Lead), (C2H302)2Pb -hPbO-fHsO, 
and Dibasic Lead Acetate, (C2H302)2Pb -f 2PbO, are obtained by melting the normal 
acetate with a greater or less projiortion of litharge (3:1 for the monobasic salt) on the 
water-bath ; the former is readily soluble and the latter only slightly so (1 : 18 at 20° 
and 1 : 5-5 at 100°) in water. The lead acetate of the pliarmacopceia is a 2 per cent, solution 
of the monobasic salt, and is used as a medicine, for weightmg silk, for decolorising 
vegetable juices, and for preparmg white-lead and aluminium acetate. The anhydrous 
salt costs 1045. per quintal. 

NORMAL CHROMIC ACETATE, Cr(C2H302)3 + HgO, is obtained from calcium 
or lead acetate and ciirome alum or cliromic sulphate. It gives a violet solution, which 
becomes green, without decomposing, when heated. 

Basic Chromium Sulphate is obtained in a similar way from basic chromium sulphate 
or by adding ammonia or sodium hydroxide or carbonate to a solution of the normal 
acetate. The basicity mcreases with the amount of alkali, the compound CV2(C2H302)50H, 
being gradually converted into Cr2(C2H302)2(0H)4 or even more basic salts stih. The 
more basic the acetate the more will it decompose on boilmg and the more readily it 
will serve as a mordant in dyemg or, better, in printmg, since the reducing action of the 
textile fibres or of the colouring-matters or of other organic substances added, results 
in the separation of the true mordant, CV(OH)3, which forms stable lakes with the dyes 
(alizarin, hematin from log-wood, &c ). 

Commercial chronmim acetate solutions at 20° Be. are sold at 325. per quintal, those 
of 40° Be. at 565., and the solid at 1205. ; the chemically pure acetate costs 85. per kilo. 

STANNOUS ACETATE, Sn(C2H302)2, is obtained by treating stannous chloride 
with lead acetate or by dissolving freshly precipitated stannous hydroxide in dilute acetic 
acid. Its solution is used as a mordant or corrosive m printmg cotton vith substantive 
dyes {see this^ Part III). 

The 20° to 22° Be. solution costs 485. per quintal. 

NORMAL CUPRIC ACETATE (Crystallised Verdigris) , Cu(C2H302)2 + HgO, is 
obtamed by dissolvmg the basic acetate (true verdigris) in acetic acid or, better, by 
decomposmg copper sulphate solution with lead acetate. It forms clmorhombic, dark 
green prisms and is readily soluble in hot water (1 : 5) or m alcohol. It is used in medicine 
and has been suggested as a means of combating the Peronospora, which attacks the 
vine. It costs 25. Qd, per kilo. 

BASIC COPPER ACETATE (Verdigris), [2Cu(C2H302)OH] + 5H2O, is obtained 
by arranging sheets of copper with flannel saturated with hot vinegar, acetic acid, or 
acid vinasse, in between. The crust of acetate is detached from the plates and sold in 
cakes either dry or with 30 per cent, of moisture. It forms blue needles or scales, which 
effloresce in the air and become green, owing to loss of water. 

It dissolves only shghtly in water and, when heated m the dry state, gives off acetic 
acid and water. When pure, it is completely soluble in excess of ammonium carbonate 
solution. 

It was formerly used as a colouring-matter, but is now used for the preparation of 
Schweinfurth^s green {copper aceto-arsenite), CHi(C2H302)25 3CUAS2O4, by mixing with the 
requisite proportion of arsenious anhydride solution ; this gives a beautiful green colouring- 
matter, which is still used to some extent, although it is very poisonous owing to the 
evolution of hydrogen arsenide in the air. 

In cakes or balls, the basic acetate costs £6 per quintal, whilst the refined powder 
costs £8 IO5. 

^ Analysis of lead acetate is effected "by dissolving 5 grms. of it in water, precipitating the lead with a known 
quantity, in slight excess, of normal sulphuric acid, making up to 250 c c and then adding a volume of water about 
equal to that of the precipitate. In 50 c c. of the filtrate, the sulphuric acid is precipitated with harmm chloride, 
the weight of the resulting barium sulphate giving the quantity of sulphuric acid which has remained in combination 
with the lead Another 50 c e. of the filtrate is titrated w'lth normal caustic potash, the total acidity thus found 
being due to acetic acid and excess of sulphuric acid ; deduction of the latter then gives the amount of acetic 
acid existing in combination in the lead acetate 
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PROPIONIC ACID, CgHgOg or CHg-CHg-COOH 

This acid is obtained by hydrolysing ethyl cyanide (see p. 199) and also by the action 
of certain micro 'Organisms on calcium lactate. It is, however, usually prepared by 
fermenting wheat -bran, or is extracted from crude pjToligncous acid, being formed in 
small quantity m the dry chstillation of wood ; it can also be easily obtained by oxidising 
normal propyl alcohol wnth chromic anhydride. For some years it has been manufactured 
by the Effront process (see p. 155) from the residues of beetroot 7nolasses : 1000 kilos 
of molasses yield 75 kilos of ammonium sulphate and 95 to 120 of fatty acids consisting 
largely of propionic acid (see also section on Sugar). 

It is a liquid of sp. gr. 0*992 and resembles acetic acid in odour and in physical and 
chemical properties. It boils at 141° and solidifies at —22°. It forms crystalline salts 
soluble in water, and its esters have a fruity aroma. Chemically pure propionic acid 
costs 32^. per kilo, and the commercial acid formerly cost 145. M., but nowadays the 
Effront process yields a much cheaper commercial acid, which m practice may be used 
to replace formic and acetic acids, these being more difficult to purify. 

BUTYRIC ACIDS, C^HgOg 

Two isomerides are known of different structures, their constitutional 
formulse being deduced from their methods of s^mthesis. 

(1) NORMAL BUTYRIC ACID (ButanoicorPropylcarboxylic Acid or Buty- 
ric Acid of Fermentation), CH 3 *CH 2 *CH 2 *COOH, is the more important of the 
two isomerides and exists in butter in the form of glyceric ester to the extent 
of 4 to 5 per cent. It is formed also in sweat and occurs in solid excreta and in 
decomposing cheese, as \vell as among products of fermentation of glycerine. 

It is obtained, not by synthesis (see p.265), but by the butyric fermenta- 
tion of starch-paste in presence of a little tartaric acid, putrefied meat or 
cheese being added after a few^ days (pure cultures of special bacteria are also 
used at the present time) ; it is also obtained from acid skim milk by treat- 
ment with pow’dered marble and converting the calcium lactate into calcium 
butyrate, then into the sodium salt, and finally, by means of H 2 SO 4 , into 
the free acid. It is also obtained from molasses residues by Effront’s process 
(see above). 

It forms an oily liquid, sp. gr. 0*958 at 14°, boiling at 162° and solidifying 
in scales at 19°. It dissolves in water, alcohol, or ether, burns with a bluish 
flame, and gives crystalline, slightly soluble salts. 

Calcium Butyrate, (C 4 H 702 ) 2 Ca + HgO, is less soluble in hot than in cold 
water. 

The esters have pleasant, fruity odours, and are used to produce artificial 
rum. Commercial concentrated butyric acid costs 45 . per kilo ; the 50 per 
cent, acid 2s, 6d. ; and the chemically pure (100 per cent.) 5s, lOd, The 
concentrated esters are sold at 2s, 6d. to 5s. per kilo. 

(2) ISOBUTYRIC ACID ( 2 -Methylpropanoic or Dimethylacetic Acid), 

COOH, resembles the preceding acid, but is less soluble in water. It boils at 154° and 
solidifies at —79°, and occurs free in arnica and carob roots and as ester in chamomile oil. 
It can be obtained by the ordinary synthetic processes and is less resistant than the 
normal acid to oxidising agents. The pure acid costs 405. per kilo and the commercial acid 
about one-half as much. 

The Calcium Salt, Ca (€ 411702 ) 2 , is more soluble in hot water than in cold. 

VALERIC ACIDS, 

The four isomerides predicted by theory are known. 

(1) NORMALVALERIC ACID (Pentanoicor Propylacetic Acid),CH 3 * [CHoh*COOH, 
is a dense liquid (sp. gr. 0*956 at 0°), boiling at 185° and solidifying at -58*^*5°. It is 
obtained synthetically from propylmalonic acid or butyl cyanide and is met with m 
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pyroligneous acid ; it is slightly soluble in Trater. The pure product costs od, per 
gramme. 

(2) ISOVALERIC ACID, >CH CHs-COOH, is found free or in the form of 

esters in animals (fat of the dolphin, sweat of the feet, &c.) and vegetables (roots of 
Valeriana officinalis), and from the latter can be extracted by boiling with solutions of 
soda cr by distilling with water containing phosphoric acid. It is a liquid (sp. gr. 0-947 
at 0°), boiling at 174° and solidifying at —15° ; it has a disagreeable odour of stale cheese. 
It is often obtained by oxidising fusel oil with dichromate and sulphuric acid. The pure 
acid costs 965. per kilo. 

Its esters are used as artificial fruit essences and cost from IO5. to I65. per kilo. 

(3) ETHYLMETHYL ACETIC ACID (Methyl-2 -butanoic or Active Valeric Acid), 
CH 

r fl >*CH-COOH, is optically active as it contains an asymmetric carbon atom {see 

p. 18) it occurs natural^ with isovaleric acid. The inactive mixture of the two 
oppositely active acids can be resolved mto its active components by means of the 
brucine salts. It boils at 174°. 

(4) TRIMETHYLACETIC ACID (Dimethyl - 2 - propanoic or Pivalic Acid), 
(CHs)^ : C-COOH,is a solid, m.pt. 35°, b.pt. 163°. It has an odour resembling that of 
acetic acid, and it can be ob tamed from tertiarj^ butyl cyanide. 

HIGHER ACIDS 

Of the numerous isomerides theoretically possible and of the many actually^ 
known, mention will be made only of some of the more important which occur 
naturally and are usually of the normal structure and with even numbers of 
carbon atoms. 

NORMAL CAPROIC ACID, CgHioOs or CH3.[CH2]4*C00H, is a liquid boiling at 
205° and solidifying at —1-5°. It is volatile m steam, has an unpleasant odour like 
rancid butter, and is found free in Limburger cheese and coco-nut oil, and as glyceride 
in goats’ butter. is formed on oxidising proteins or higher fatty acids (unsaturated). 

HEPTOIC ACID (OEnantic Acid), C7H14O2 or CH3. [CHaJs-COOH, is formed on 
oxidation of castor oil or cenanthaldehyde. It is a liquid boiling at 220° and solidifying 
at —20°. It differs from its lower homologues by exhibiting a slight odour of fat. 

CAPRYLIC ACID (Octoic Acid), CgHjeOs or CHg-pHaje* COO H, solidifies at 16-5° 
and boils at 237-5° ; it is found m coco-nut oil and as glyceride in ordinary butter and that 
of goats. 

NONOIC ACID (Pelargonic Acid) , C9H1SO2 or CHg • [CH2]? -COOH, is a liquid boiling 
at 254°. It is formed by oxidising oleic acid or by decomposing the ozonide of oleic acid 
(Molinari and Soncini, 1905) with dilute alkali. In nature it occurs in Pelargomum 
Toseum. 

DECOIC ACID (Capric Acid), C10H20O2 or CHg- [CH2]8-COOH, is a solid, melting 
at 31-4° and boiling at 200° under 100 mm. pressure. It also is found in coco-nut oil 
and goats’ butter. 

UNDECOIC ACID, C11H22O2 or CH3‘[CH2]9-COOH. Distillation of castor oil under 
reduced pressure yields the un&aturated undecenoic acid, C11H20O2, which gives undecoic 
acid on reduction with hydrogen. It melts at 28° and boils at 212° (100 mm.). 

L AURIC ACID, C12H24O2 or CH3*[CH2]io-COOH, is a solid, melting at 44° and 
boiling at 225° (100 mm.) ; it occurs in the form of glyceride in laurel berries. 

MYRISTIC ACID, Ci4H2802 or CH3-[CH2]i2-COOH, melts at 54° and boils at 248° 
(100 mm.). It is found as glyceride {myristin) in the nutmeg [Myristica moschata) and 
in ox-gall, and abounds in the seeds of Virola Venezuelensis, 

PALMITIC ACID (Hexadecoic Acid), or CH 3 - [CH^J^^-COOH, 

forms a moderately transparent white mass, which readily softens and melts 
at 62*6°. It is insoluble in water and crystallises from alcohol in scales or 
needles. It boils unchanged at 268° under 100 mm. pressure, or, with partial 
decomposition, at 339° to 356° under the ordinary pressure. 

II 
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It is one of the normal components of animal and vegetable fats, in which 
it occurs as a glyceride (x^almitin), and is easity obtained, together with oleic 
acid, from palm oil by hydrolysing and then decoinposing the soap formed , 
the x>almitic acid is then isolated by fractional crystallisation. Ja'panese 
vegetable wax consists almost exclusively of palmitin. The industrial treat- 
ment of fats and oils for the extraction of the corresponding fatty acids 
(palmitic, stearic, and oleic) will be described in the section dealing with the 
manufacture of soaji and candles. 

Commercial palmitic acid is also known by the inaccurate name of palmitm 
and is likewise manufactured by melting oleic acid with potassium hydroxide 
{Varrentrapps reaction) : CisH^iOg + 2 KOH=H 2 + CH 3 *C 02 E + Ci 6 H 33 ^ 02 K 
(potassium palmitate, which gives palmitic acid under the action of mineral 
acid) . 

Its alkali salts (soaps) are soluble in alcohol or water, but considerable 
dilution of the aqueous solutions results in the separation of an acid salt and 
liberation of alkah. Whilst in alcoholic solution these soaps show virtually 
normal molecular weights, the aqueous solutions show no rise in the boiling- 
point, the soaps thus behaving as colloids in these solutions (see vol. i, p. 102). 
The other salts (palmitates) are insoluble in water and, in some cases, soluble 
in alcohol : mineral acids liberate palmitic acid from them. 

The commercial acid costs £4 per quintal, the refined product £8, and the 
doublv refined 2os. 6d. per kilo. 

MARGARIC ACID, C 17 H 34 O 2 or CHg- COOH, was for a long 
time thought to exist in fats, but it has been shown that a mixture of palmitic 
(C'lg) and stearic (Cig) acids was being dealt with. Synthetically it can be 
obtained by hydrolysing cetyl cyanide, Cigllgg-CN, and by other methods. 
It melts at 60"^ and distils unchanged at 277® under 100 mm. pressure. 

STEARIC ACID, CigHgeOg or CHs- [CH 2 ]i 6 *COOH, which is improperly 
knovm commercially as stearine (and is then mixed with palmitic acid), and 
its separation from oleic acid will be described when dealing with candles. 

As glyceride, it occurs with that of oleic acid as one of the principal 
constituents of fats and oils, and is usually prepared industrially from beef 
suet. 

S;^nithetically it can be obtained by the reducing action of hydrogen on 
oleic acid (see this), and the constitution of the latter being known, that of 
stearic acid follows directly. Industrial application is now made of this 
process, the catalj’tic reaction of Sabatier and Senderens being employed. 

It forms a somewhat soft white mass, melting at 69*3°, and crystallises 
from alcohol in shining scales. It boils unchanged at 287° under 100 mm. 
pressure or with partial decomposition at 359° to 383° under the ordinary 
pressure. 

It is insoluble in water, soluble slightly in light petroleum, and more 
readily in alcohol, ether, benzene, or carbon disulphide. 

Its salts behave like those of palmitic acid. The lead salts of these high 
fatty acids are obtained by boiling the fats or oils with lead oxide and water. 
This lead soap is used for the preparation of lead plaster, and is used in the 
manufacture of varnish. Stearic acid made into a paste with gypsum forms 
a kind of artificial ivory. 

Itaty imported, especially from France, England, and Belgium, 17,080 
quintals of stearic acid in 1906 ; 12,500 in 1908 ; and 14,450 (of the value 
of £63,570) in 1910. 

CEROTIC or CEROTINIC ACID, C27H54O2, is found free in beeswax (together with 
Melissic Acid, CgollGoGo)^ as ester in Chinese wax and as glyceride in the fat of raw 
wool. It melts at 78 - 5 “ and is converted by oxidising agents into various acids with lower 
molecular weights. 
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II. UNSATURATED MONOBASIC FATTY ACIDS 
A. OLEIC or ACRYLIC SERIES, C„H,„-o02 (Olefine-Carboxylic Acids) 
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Their iniportaiice is due to the fact that certain of them occur as glycerides 
in many fats and oils. 

GENERAL PROCESSES OF FORMATION. The following are the most 
important of these : 

( 1 ) The iinsaturated halogen derivatives of unsatiirated alcohols can be 
transformed into cyanogen derivatives, which give the corresponding acids 
on hydrolysis {see p. 199) : 

CHa : CH-CHa-OH-^ CH^ : GH-CHg-Br-^ 

CH2 : CH- CHs- ON — > CH2 : CH- CH^- COOH. 

(2) Oxidation of unsatiirated alcohols and aldehydes with mild oxidising 
agents (silver oxide or the oxygen of the air) -which do not attack the double 
linking ; allyl alcohol and acrolein give acrylic acid. 

(3) Of general use is Perkin's reaction applicable especially to the aromatic 
series, but of service also for the fatty series : when an aldehyde is heated 
vdth the sodium salt of a saturated fatty acid in presence of an anhydride 
(e.g. acetic anhydride) and then treated with water, the resulting products 
are the saturated acid corresponding with the aldehyde used and an unsaturated 
acid, which always has the double linking between the a- and / 3 -carbon atoms, 
the a-carbon atom being that adjacent to the carbonyl group, CO. If the 
chain united to the aldehyde group is denoted by R, the intermediate phases 
of this reaction are probably as follow : 

(a) R • CHO + CH 3 • CO * 0 • CO • CH^ give, by aldol condensation, 
R • CH(OH) • CHg ' CO • 0 • CO • CH 3 ; this unstable compound immediately 
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separates %Yater. giving R-CH : CH-CO-O-CO-CHa, treatment of this product 
mth. water yielding the unsaturated acid : 

(6) R • CH : CH- CO • 0 • CO • CH3+H2O = CHg- COOH+R- CH : CH • COOH. 

It is evident that, if only one hydrogen atom is united to the carbon atom 
adiacent to the carbonyl group of the original anhydride, the first p^se of 
the reaction, but not the second, will be possible, so that only a saturated 
hydroxy-acid will be obtained : 

E-CHO + CH-CO-O-O-CH -f H^O = 


CH3CH3 CH3CH3 

R-CH(OH)-C-COOH + (CHa)^ : CH-COOH. 

/\ 

CHsCHs 


The presence of the sodium salt of the fatty acid is indispensable to all 
these reactions, but its function has not yet been explained. 

(4) Similar to Perkin’s synthesis is the reaction between an aldehyde (or 
an a-ketonic acid, R- CO -COOH, which possibly loses CO^ and thus gives 
an aldehvde) and malonic acid in presence of glacial acetic acid, a mixture 
of unsaturated monobasic acids with the double linking in the a p- or p y- 
position being obtained and COg split off : 


(a) R- CHj' CHO -f- CH2 <Cqqqjj 


R-CH2-CH(0H)-CH< 


COOH 

COOH 


Malonic acid 

(6) 2R ■ CHa • CH(OH) • = 

2CO, + 2H3O + E-CHa-CH : CH-COOH + R-CH : CH-CH^-COOH. 

a/S-acid iSv-acid 


It should he noted that this reaction always gives also a condensation 
product of 1 mol. of the aldehyde and 2 mols, of malonic acid, this product 
then losing COg and yielding a saturated dibasic acid : 


R-CH< 


CH(C00H)2 

CH(C00H)2 


= 2003 + R-CH< 


CHa-COOH 

CHj-COOH 


(o) When monohalogenated saturated fatty acids (especially those with 
the halogen in the /3-position) are heated with alcohoho potash or sometimes 
even with water alone, a molecule of halogen hydraeid is eliminated and the 
unsaturated acid formed (similar to the reaction giving unsaturated hydro- 
carbons, p. 88) : 

CH^I-CHs-COOH = HI -h CH3 : CH-(X)OH. 

j8-iodopropionic acid Acrylic acid 


(6) By separating a molecule of water from monohydroxy -acids by means 
of distillation or a dehydrating agent {II2SO4, PClg, P2C^5) sometimes by 
merely heating with caustic soda solution, the unsaturated monobasic fatty 
acids are formed : 

CH3-CH(0H)*CH2*C00H = H2O + CHg-CH: CH-COOH. 

iS-HydroJcybufcync. acid Crotonic acid 


GENERAL PROPERTIES. The number of double bonds is ascertained 
by the same methods as are applied to unsaturated hydrocarbons {see pp. 88 
and 89) — by addition of either halogen or ozone. These unsaturated acids 
are more energetic than the corresponding saturated acids with the same 
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numbers of carbon atoms, as can be seen from their ionisation constants 
(vol. i, p. 92). They are more easily oxidisable than the saturated acids, 
powerful oxidising agents rupturing the carbon atom chain at the double 
linking, the position of which can hence be established by a study of the com- 
positions of the two acids formed. 

When boiled with 10 per cent, caustic soda solution, unsaturated acids 
with a double linking (A) in the /3y-position undergo displacement of 
this linking with the fartial formation of unsaturated acids %\ith a 
double bond in the a /3-position (Pittig, 1891-1894) ; this is formed from 
an intermediate hydroxy-acid, an equilibrium being established as indicated 
below ; 

R-CH: CH-CHa-COOH H^O R*CH2-CH(OH)-CH2*COOH 

/S y-acid jB-Hydroxy-acid 

HaO + R-CHa-CH : CH-COOH. 

ajS-acid 

In general this reaction preponderates towards the formation of the a /3-acid 
and not vice versa, the carboxyl group apparently exerting an attraction on 
the double linking. 

When an unsaturated acid is fused with caustic soda or potash, the double 
linking is displaced, giving an a /3-acid, the new molecule immediately splitting 
at the double bond, the resultant products being acetic acid and another 
saturated acid. This displacement of the double linking w^as unknown until 
a few years ago, so that oleic acid, for example, w^hich gives palmitic and 
acetic acids quantitatively when fused with potash, w^as regarded as an 
a /3-unsaturated acid. It has, however, been shown {see later) that the double 
bond of oleic acid is in the middle of the molecule, the action of the xiotash 
causing displacement of this bond before the molecule is resolved : 

CHs- [CHJ^-CH : CH- [CHJ^-COOH — ^ CHa* : CH-COOH 

Oleic acid a j3-01eic acid 

CHg- : CH-COOH + 2KOH + 0 = 

CHg- [CHalii-COOK -f H^O + CHg-COOK. 

Potassium palmitate 

The acids of the oleic and acrylic series, and unsaturated compounds in 
general, exhibit a tendency to polymerise ; the mere action of sodium alkoxide 
on the crotonic esters produces, in addition to other reactions, the following 
change : 


CHa 

COa-CHs 

1 


CH3 

1 

CO^-CHs 

I 

Jh 

CH 


CH . 

CH3 

11 + 

11 

=: 

11 

1 

CH 

CH 

1 


C 

1 

— CH 

Joa-CHs 

CH3 


COa-CH, 

j 

CH3 


Methyl crotonate Methyl dicrotonate 


Instances of stereoisomerism among unsaturated compounds have already 
been described on pp. 16 and 17, and it is only necessary to state here that, of 
the two stereoisomerides corresponding with one and the same formula, one 
is less stable than the other, into which it is easily and directly transformed 
(the inverse change only takes place indirectly) by mere heating or by the 
action of concentrated sulphuric acid, caustic soda, a little rdtrous acid, or 
a trace of bromine in the presence of hght. 
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ACRYLIC ACID (Propenoic Acid) 

CoH^O, or CH. : CH COOH 

Tins acid was prepared for the &st time (Redtenbacher, 1843) by oxidising acrolein 
OHo : CH-CHO, with silver oxide. It is now more readily obtained indirectly, by the 
action ot gaseous hydrogen chloride, which gives /3-chloropropaldehyde, CH2C1-CH2 CHO, 
this being converted by nitric acid into the corresponding /3-chloropropionic acid, 
CHoCl-CHo-COOH ; when the last compound is boiled with a solution of alkali, it loses 

HCl, Yielding acrylic acid. . , , t 

Another convenient synthesis is the following : allyl alcohol (a, Mow) with bromine 
gives dibromopropyl alcohol (b), winch, on oxidation, yields a/3-dibromopropiomc acid(c), 
and this, by the action of either zinc in presence of dilute sulphuric acid (or water) or 
reduced copper (containing iron) loses bromine and gives acrylic acid (d) : 


CH2 

ll 

CHsBr 

CHoBr 

CH2 

11 

II 

CH — ^ 

CHBr — ^ 

. CHBr — 

ll 

CH 

CHo-OH 

(:h2 oh 

COOH 

COOH 

a 

b 

c 

d 


Acrylic acid is a liquid soluble in water and having a pungent odour almost like that 
of acetic acid : it has the sp. gr. 1-0621 at 16°, boils and polymerises at about 140°, and 
when cooled forms tabular crystals melting at 13°. With nascent hydrogen, it is trans- 
formed into propionic acid, whilst, when fiucd with potash, it gives acetic and formic 
acids. 


CROTONIC ACIDS, C^HeOa 

Isomeric unsaturated acids of this formula are possible theoretically— two stereo- 
isomerides and the others structural isomendes. The follov^ng acids have actually been 
prepared : 

{a) CH2 : CH -0112 -COOH, vinylacetic acid ; 

H— C—COoH 

[ha) II , cis /3-methylacrylic acid [solid crotonic acid ) ; 

H— C— CH3 
H-C-CO.H 

[hio) II -* trans /3-methylacrylic acid [liquid crotonic acid) ; 

CH3— C— H 
OH 

[c) CH2 : niethylmethyleneacetic or a-methylacrylic acid. 

With the general formula, QHfiOo, there corresponds also othylcnc-acetic or tri- 
CHo. 

metliylenccarboxvlic acid, | \CH-COOH, but this does not belong to the olefinc- 
CHo^ 

carboxylic acids as it contains no double linking, and it will therefore be studied with 
the cyclic compounds. 

[a) VINYLACETIC ACID, CHg : CH-CHs CO2H, has been prepared, only recently, 
by distilling /3-hydroxglutaric acid in a vacuum : 

CH0.CO2H * CHo 

I II “ 

CH-OH = CO2 + H2O + CH 

CHa-COaH CHj-COaH 

and also by first brominating (with bromine dissolveddn ^ (Bo)' allyl cyanide, hydrolysing 
the product, and finally removing the bromine hy mefuis of zinc dust and alcohol, thus : 
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CH2 

CHoBr 

i “ 

CHoBr i 

CH2 

II 

1 

II 

CH 

1 

— ^ CHBr 

— 5. CHBr — 

CH 

1 

1 

CH2 

1 

CHg 

i 

CHo 

1 

CHo 

1 

CN 

1 

CN 

I 

COoH 

COoH 


Vinylaeetic acid is a very hygroscopic liquid, which solidifies when cooled to a low 
temperature ; it melts at —39° and boils at 163°. Its calcium salt, (C4H502)2Ca-, HgO, 
crystallises from water in shining needles. 

When boiled with 5 per cent, sulphuric acid solution, it is transformed into the solid 
crotonic acid, CH2 : CH • CHo • COOH — > CH3 • CH : CH • COOH. 

This transposition of the double linking is also effected by boiling with caustic soda 
solution, but in this case a preponderance of /3 -hydroxy butyric acid is formed at the 
same time. 

H— €-~^02H 

(6a) ORDINARY or SOLID CROTONIC ACID, || (cis fl-rndhylacnjlio 

H— C— CHs 

ucid or cis ethylideneacetic acid ; also wrongly known as a-crotonic acid). Its constitution 
follows from its synthesis from a-bromobutyric acid (or rather its ester) by the elimi- 
nation of HBr under the action of alcoholic potash : 

CH3 . . CHBr . CO2H - HBr -i- CR^ • CH : CH . COoH; 

IVom water (solubility 1 in 12) the acid crystallises in shining needles melting at 
71° to 72° ; it boils at 181° to 182°, has an odour resembling that of butyric acid, and is 
found free in crude pjToligneous acid. Its calcium and barium salts contain no water 
of crystallisation and are very soluble in water. 

When gently oxidised in alkaline solution with permanganate, it gives afi-diJiydroxy- 
bidyric acid, CH3'CH(OH)*CH(OH)-0O2H, which cannot form a lactone, so that neither 
of its hydroxyl groups is in the y-position ; the double linking of the crotonic acid must 
hence be between the a- and /3 -carbon atoms. When halogen hydracids are added to it, 
the halogen goes to the -position. With nascent hydrogen it gives butyric acid. 

H—C—COoH 

(6/3) LIQUID CROTONIC ACID, || (trans p-metJiylacrylic acid or isch 

CH3— C~H 

crotonic or allocrotonic acid; known improperly as /3-crotonic acid). This acid is prepared 
from ethyl acetoacetate, which, with PC%, gives probably a chloracetic ester, the latter 
losing a molecule of Hd and yielding the two stereoisomeric chloroisocrotonic acids (or the 
corresponding ethyl esters) ,* these two isomerides can be separated, the one formed in 
greater proportion being readily, and the other dijfficultlj^ distilled in steam. The latter 
gives sohd, and the other hquid, crotonic acid on reduction vfith sodium amalgam : 

(a) CH3 . CO . CH2 . CO . OC2H5 + Pds = CH3 . CCI2 • CH2 . CO . OC2H5 -f POCI3. 

Ethyl acetoacetate Intermediate product 

(&) OH3 . COI2 • CHa . CO . OO2H3 = CH- • Ca : CH • CO ■ OCaHs + Ha. 

' Two stereoisomeriaes 

(c) CHg.Ca: CH-CO-OCgHg -f Ho = CH3 . CH : CH • CO • OCgHs + HCL 

Ethyl ester of crotonic acid 

The isocrotonic acid thus obtained is liquid, but is not pure, as it always contains 
ordinary crotonic acid and a little tetrolic acid^^'K ^-0 : C-C02H. Only within recent 

^ This jS y-d'^romobvtyric acid, when boiled with water, gives a ^-bromobutyrolactone : 

GHaBr CH^ 0 

I i 

CHBr = HBr + CHBr 

I I 

CHs-COOH CHa CO 

Lactones are not usually formed by acids brominated in the a- or jS-position, but only with those where the 
bromine atom is in the 7-position. It may hence be concluded that the double linking in vinylaeetic acid is also 
in the py-position, since its brominated derivative gives a lactone, vhich is formed only when there is halogen in, 
the y-position. 
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years (1895 and 1904) lias it been separated from these admixtures, either by means of 
its sodium salt, which is more soluble m alcohol, or by means of its quinine salt, which is 
less soluble in water than that of crotonic acid. 

After such purification it is found that pure liquid crotonic acid forms crystals melting 
at 15‘5° and boilmg at 169° under the ordmary pressure or at 74° under a pressure of 
15 mm. The calcium salt, (CAOolaCa, 3HoO, forms large prisms, and the barium salt. 
(C^B[502)2Ba, HgO, large plates. 

WheVheated above 100°, it is converted partially into normal crotonic acid, and in order 
to avoid this change during distillation the operation is carried out in a vacuum ; the 
transformation is instantaneous and quantitative in presence of a trace of bromine in 
aqueous solution or of carbon disulphide under the influence of direct sunlight. 

That the structure of isocrotonic acid is the same as that of crotonic acid and not of 
vinvlacetic acid is supported by the fact that isocrotonic acid gives no lactonic derivative 
(see above) and also by the fact that the ^eroxyozonides of these two acids, obtained by 
Harries and Langheld (1905) by the action of ozonised oxygen and having the structure 
/OH 

CHs-CH— CH.C/ , give with water the same decomposition products, namely, 

1 I ^0:0 

O-O-O 

hydrogen peroxide, acetaldehyde, and glyoxylic acid, CHO * CO2H, 

(c) METHYLMETHYLENEACETIC ACID (a-Methylacrylic, Metacrylic or Methyl- 

propenoic Acid), CH2 :C<^q can be obtained by separation of water from « -hydroxy- 

isobutyric acid and also by elimination of a molecule of HBr from a-bromoisobutyric acid ; 

CH3-C-Br-C02H = HBr + CH^ : 

CH3 

This synthesis indicates the constitution][of metacrylic acid, which is confirmed by the 
observation that reduction of this acid by means of sodium amalgam gives isobutyric 
acid, this having a known constitution. 

Metacrylic acid crystallises readily from water in shining prisms which melt at +16° 
and bon at 161°, or at 60° to 63° under 12 mm. pressure. It has a strong but not un- 
pleasant odour of bad mushrooms and occurs in Homan chamomile ; it dissolves very 
readily in alcohol or ether. It exhibits a marked tendency to polymerise, more especially 
at 130°, but also in the cold when in contact with concentrated hydrochloric acid. The 
calcium salt forms crystals very soluble in water. 

PENTENOIC ACIDS, CsHgOg 

Several isomeric pentenoic acids are known, those which have been most closely 
studied bemg : 

(a) ANGELIC ACID (a-Ethylideneprop ionic, a/3-Dimethylacrylic or 2-Methyl-2- 
CH3— C--CO2H 

outenoic-l Acid), || . The double linking in this acid must bo in the 

CH3— C— H 

« /3 -position, since lactonic derivatives are unknown. On protracted heating it is trans- 
formed into the stereoisomeric t^glic acid. 

Angelic acid was first found in, and is still obtained from, the roots of Angelica arc- 
angelica, and as ether in Homan chamomile oil. The pure crystals melt at 45°, boil at 1 85°, 
and are only slightly soluble in water or volatile in steam. 

CHa-C— CO2H 

(h) TIGLIC ACID, || , often occurs with angeHc acid and is formed in the 

H-~C~CH3 

decomposition of various more complex organic compounds. It can be prepared 
synthetically from acetaldehyde and ethyl a-bromopropionate in presence of zinc, a 
ydroxy-acid being formed as an intermediate compound. It forms transparent crystals, 
.mp. 65°, b.pt, 198*5°, and is slightly soluble in cold and readily in hot water ; it has a 
pleasant smell and is volatile in steam. 
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PYROTEREBIC ACID ( 2 -Methyl- 2 -pentenoic -5 Acid) , : CH-CH2-C00H, 

is formed by the distillation of an oxidation product (terehic acid) of oil of turpentine 
■(together with the lactone of isocaproic acid, see helow). 


(CH3)2.C.CH(C0,H).CH2 

I I - CO 2 + (CHj : C : CH • 0^ . COOH. 

o CO 

Terebic (yv-dimeths'lpaiaconic) acid Pyroterebic acid 

That pyroterebic acid really has this constitution is shoTO by the fact that, on 
reduction with hydriodic acid, it gives isocaproic acid of the known constitution 
(CIl3)2*CH*GIl2*CHo*C001I, The position of the double Imking is confirmed by the 
great ease with which it is converted mto isocaproic lactone on prolonged boiling or by 
the action of a small quantity of liydrobromie acid : 

(CHajo : C : CH-CHs-COOH — ^ (CHsjo : C— CH.— CH^ 

■ ! “I 

O CO 

Pyroterebic acid is a colourless liquid solidifying at —15° and boiling at 207® ; it is 
lighter than water, which dissolves it with difficulty. 

y-ALLYLBUTYRIC ACID (i-Heptenoic-7 Acid), CH^ ; CH.[CH2]4.C02H, is 
■obtained from cyclolieptanone (or svherone) by Wallaclis reaction^ passing through the 
oxime, amine, &c. : 

CHo . CHo • CHo. CH. . CHo • CH • .COOH 

1 >co — 1 

CH 2 • CHs • QK/ CHa • CH : CHa 

Gycloheptanone 7-Allylbutyric acid 

It is a liquid boiling at 226° and. on oxidation, is converted mto adipic acid, 
GOOH* CHg* CH2- CHa- CHa- COOH. 

TERACRYLIC ACID (2 : 3-Dimethyi-2.pentenoic-5 Acid), (CHs)^ : C : C(CH3) • 
CHs-COOH, is homologous with pyroterebic acid and is also obtained by distilling an 
"oxidation product [terpenylic acid) of oil of turpentine : 

CHa-COaH 

(CH 3)2 ; C^CH.CHa = CO 3 + {CR^)^ : C : C(CH3).CH2-C02H. 

I ] Teracrylio acid 

0 CO 

Terpenylic acid 

It is a liquid, b.pt. 218°, and is slightly soluble in water ; with HBr it ioimsliepta- 
iactone, the y -position of the double linking being thus confirmed. 

CITRONELLIC ACID (Dextro-rotatory), QloHisOs. It has not yet been definitely 
decided which of the two following formulae must be attributed to this acid : 

CH3. 

yc- [CH^] 3 .CH{CH 3 ).CHo-C 02 H (2 : e-Dimethyll-octemic-8 acid). 

^3^0 : CH. [CH2]2.CH(CH3).CH2.C02H (2 : 6-l)imahyl-2.octmoie-8 acid). 

OII3 

It is a Hquid boiling at 152° under 18 mm. pressure, has a faint odour of caprie 
acid and is obtained by the oxidation of citronellal (an aldehyde, C^oHigO, abundant in 
ethereal oils). 

One of the two formulae must be attributed to Rhodinic Add (laevo -rotatory), 
obtained by oxidising rhodiml, CioH2oO. 

Art inactive i-Rhodinic Acid is also known, this being obtained by the reduction 
(sodium in amyl alcohol) of geranic acid, (€053)2: C : CIIC*H2*GH2*C(CH3) : CH*C02H, 
the hydrogen beingadded only at the a /3-double linking. 
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UNDECENOIC ACID, CHa : CH-pHals-COgH. The position of the double linking 
in this acid is confirmed by the fact that, on oxidation, the acid yields considerable 
quantities of Sebacic AcM, C02H-[CH2]8*C02H, 

It is obtamed (about 10 per cent.) on distilling castor oil under reduced pressure. It 
forms crystals melting at 24*5° and boils unchanged at 213*5° (100 mm.). When reduced 
with hy^drogen iodide, it gives normal undecoic acid, the non-branched character of the 
carbon atom chain being thus proved. 

HYPOG.EIC ACID, CHs-pHalT-CH : CH.[CH2]5*C02H, was formerly thought to. 
exist in A^'ochis hyjpogc&a, but the acid there present has been shown to be another acid 
(arachic acid). It can be prepared by fusing stearolic acid with potash, an intermediate 
product with two double bonds being probably formed : 

CH3.[CH237*a: C-ECHsls-CHa-CHs.COsH — >• 
stearolic acid 

GH3. [CHalrCH ; CH- [CHalj-CH : CH-COoH — s- 

Hypothetical intermediate acid 

OH3.CO2H + CH3. [OHjIt-CH : CH. [CH2I5.CO2H. 

Acetic acid Hypogfflic acid 

OLEIC ACID, Ci 8 H 3^03 
(CH3.pHJ5.CH : CH.pHJ7.CO3H) 

This acid is very abundant in nature in the form of glyceride (triolein)^ 
especially in vegetable and animal oils and fats. After hydrolysis of the fat, 
the fatty acids are liberated and from these the oleic acid separates, as it is 
liquid, whilst the others are solid. Although Chevreul discovered oleic acid 
at the beginning of the nme?teenth century, it was only in 1846 that its 
composition was definitely established by Gottlieb. 

In the subsequent section dealing with soap and candles, the method 
of preparing oleic acid on a large scale (Italy imported 47,300 quintals of 
oleine/’ of the value of £132,000, and exported 35,541 quintals, of the value 
of £99,500, in 1910) will be described in detail ; at the present juncture, only 
the constitution and the methods of obtaining 'pure oleic acid will be con- 
sidered. Oils rich in olein (olive oil, almond oil, lard, &c.) are hydrolysed 
with caustic potash in the hot, the fatty acids being separated from the trans** 
parent soap thus obtained by means of hydrochloric acid ; these acids are 
then heated for several hours with lead oxide at 100°, and the resulting lead 
salts dried and extracted with ether. This solvent dissolves only the lead 
oleate, the oleic acid being freed from the lead by means of hydrochloric acid, 
The oleic acid thus obtained is purified by transforming it into the barium 
salt and crystalhsing it from dilute alcohol, or by repeatedly freezing (at 
— 6°j — 7°) and squeezing the solid oleic acid, w^hich, when pure, melts at 
14° and has a specific gravity of 0*900 in the liquid state ; it has neither smell 
nor taste and, in alcoholic solution, shoves no reaction towards litmus. In the 
air and when kept for a long time, the acid turns bromi, assumes an acid 
reaction and taste, and undergoes partial oxidation. Under a pressure of 
10 mm., it boils unchanged at 223° ; it can also be distilled without alteration 
by means of steam superheated to 250°. 

The salts of oleic acid (and of other high fatty acids) form the soaps ; the 
alkali salts are soluble in water and separable from this by salt (NaCl), in 
saturated solutions of which they are completely insoluble. The calcium, 
barium, lead, &c., salts or soaps are insoluble in water. 

The action of concentrated sulphuric acid has already been mentioned 
(^ee Iso-oleic Acid). 

An important and characteristic reaction of oleic acid is its almost quantita-^ 
tive transformation, by a little nitrous acid (also by heating at 200° with 
sulphurous acid or sodium bisulphite), into the stereoisomeric Elaidic Acdij^^ 
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wliich se]3arates from alcoholic solution Jn white scales melting at oL* to 52® 
and boiling unchanged at 225® under a pressure of 10 mmd 

That these two isomeric acids have du’cct (normal) carLon-atom chains is shown with 
certainty by the fact that, on reduction {e,g, with hydriodic acid and phosphorus -), each 
of them takes up two hydrogen atoms giving stearic acid, which is known to have an 
unbranched carbon-atom chain ; also with bromine, they give dibromo- derivatives of 
stearic acid, and, with permanganate, diliydroxysteaiic acid, CigH 3402 ( 0 H) 2 . 

The position of the double linking in the molecule was under discussion for a number 
of years and until quite recently this linking was held to be at the end of the chain next 
the carboxyl group, z.e. in the a p -position, CHs- : GH-COOH, since fusion 
of these two acids with caustic potash resulted in the formation of palmitic acid ( Tarren- 
trapp's reaction, p. 290). But tins proof no longer seemed sufficient when it was shown 
that fusion with potash generally displaced the double bond. On the other hand, Baruch 
(1894) succeeded m eliminatmg hydrogen bromide from the di bromide of oleic acid, thus 
obtaining stearolic acid, wffiicli has a triple bond in the middle of the molecule. Also the 
products of oxidation (by permanganate) of oleic acid consist partly of pelargonic and 
azelaic acids, which contain nine carbon atoms, this reaction hence mdicating that the 
oleic acid molecule breaks in the middle of the chain, at the position of the double linking. 

The most certain proof of the constitution of oleic acid has been advanced only recently 
as a result of the study of the ozonide of oleic acid and of its decomposition products 
(E. Molinari and Soncini, 1905 and 1906 ; C. Harries, 1906). The ozone is added quanti- 
tatively at the position of the double bond {see p. 88), and, according as ozonised air 
(E. Molinari) or ozonised oxygen (Harries) is employed, so the simple ozonide : 

CH. . [CHsIt * CH CH . [CHsIt • COOH 

0_0— 0 

or a peroxide of the ozonide : 

CH3.[CH.]-.CH— CH.[CH,]-.0 OH 

^ 1 i “II 

0 0 0 

0 

IS obtained. 

Decomposition of these ozonides (of oleic and elaidic acids) with dilute alkali or water 
in the hot results in the formation of acids (noiioie, azelaie, and others) or aldehydes (nonyl 
and seniiazelaic) with nine carbon atoms, showing that the molecule is ruptilred at the 
position of the central double linkmg. 

ISO-OLEIC ACID, C 1 SH 34 O 2 . With concentrated sulphuric acid, elaidic and oleic 
acids give Stearinsulphuric Acid, Ci 7 H 34 ( 0 'S 03 H) COoH, which, mth hot water, loses 
>sulpliuric acid and gives hydroxy stearic acid, Ci 7 H 34 ( 0 H)*C 02 H (with the OH at the 
position 10). When distilled under reduced pressure (100 mm.) or -with superheated 
steam, this acid loses water and gives a considerable quantity of a white, solid acid — 
iso-oleic acid — which is readily soluble in alcohol and slightly so in ether, from which it 
crystallises in plates, melting at 44° to 45°. The addition of the molecule of water to 
oleic or elaidic acid should take place at the central double linking (provided the sulphuric 
acid does not previously displace this linking) and the subsequent separation of water 
should occur at two carbon atoms adjacent to the double linking, so that the probable 
constitution of iso-oleic acid is, CH 3 [CH 2 ] 8 *CH : CH- [CH2]6*C02H. But various facts 
are knomi which throw doubt on the accuracy of this formula. 

A^^-OLEIC ACID ( 2 -Octadecenoic-i Acid), CH 3 -[CH 2 ]i 4 -CH : CH-COsH, is pre- 
pared by the removal of 1 mol. of halogen hydracid from the a -halogen derivative of 
stearic acid. It forms w'hite crystals melting at 58° to 59°, does not take np ozone in 
cold chloroform solution, and gives palmitic acid when treated wnth permanganate. 

^ From an industrial point of view the transformation of a liquid fatty acid into a solid one is of interest, but 
this change is not utilisable m practice as it only proceeds well with faiily pure and fresh oleic acid and not with 
the commercial acid, which may he old and possibly polymerised {see also later section on Hydrolysis of Fats), 

« According to Ger. Pats 141 029 and 211,669, 1907, the reduction can also be effected by hydrogen in presence 
of finely divided nickel (E. Endmann, Sabatier and Senderens’ reactions [see pp 34, 59, and 10-3 ; also later, 
Hydrolysis of Fats) 
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ERUCIC ACID (9.Docosenoic-22 Acid), CH3.[CH2]7 CH : CH-pHaJuXOsH, is 

found as glyceride in tlie oil of black and white mustard, and in those of grape -seed and 
ravison, from which it is readily extracted. It is obtained crystalline from alcohol in 
shining needles melting at 34°, and boils at 254*5° under a pressure of 10 mm. 

It forms a lead salt soluble in ether, as does oleic acid, and, like the latter, it is readily 
transformed into its stereoisomeride, Brassidic Acid, by the action of a little nitrous 
acid or of sulphurous or hydrobromic acid in glacial acetic acid solution. This isomeride 
crystallises from alcohol in leaflets meltmg at 65°, and boils at 256° under a pressure of 
10 mm. ; its lead salt is slightly soluble in hot ether. 

These two isomerides are not reduced by sodium amalgam, but with hydriodic acid 
they yield the saturated behenic acid, C22II44O2. When fused with potash, they give 
arachic (C20H40O2) and acetic acids. They yield various oxidation, bromination, and 
esterification products. They have normal carbon-atom chains and the position of the 
double Imking is indicated by the fact that nonoic acid, CHs* [CH2]7*COOH, and hrassyhc 
acid, C02H- [OHoii *00211 (and also a little arachic acid), arc among the products of 
oxidation by nitric acid, while elimination of HBr from the dibrominated product gives 
the corresponding hehenolic add, which has a triple bond and is of known constitution. 

ISOERUCIC ACID, CH3.[CH2]8-CH : CH-tcHglio-COgH (?), is obtained by adding 
hydrogen iodide to, and then removmg it from, erucic acid (just as with iso-oleic acid), 
andit appears that the double Imkmg is not displaced during these changes, since decom- 
position of the dibromide of this acid (i,e, elimination of HBr) gives the same bchenolic 
acid as is given by erucic acid, while oxidation with nitric acid also gives nonoic and 
brassylic acids. Isoerucic acid should hence have the same constitution as erucic and 
brassidic acids, so that, contrary to theoretical indications, three isomerides would seem 
to exist ; this requires confirmation. This acid melts at 54° to 56°. 

B. UNSATURATED MONOBASIC ACIDS OF THE 
SERIES CnHgn-A 

The members of this series may be divided into two groups, as is the case 
with the hydi*ocarbons of the diolefiine and acetylene series {see p. 90) : acids 
having a triple linking (propiohe series) and those having two double linkings 
(diolefine series). 

{a) ACIDS WITH TRIPLE LINKING 


(Prop io lie or Acetylenecarboxylic Series) 


Name 

Constitutional formula 

Melting- 

point 

Boilmg- 

pomt 

CaHaO* Acetylenecarboxylic {propiohe) 
acid 

HC :C*CO>H 

90 

83° (50 mm.) 

C 4 H 4 OS Methylacetylenecarboxylic 
{tetrolic) acid 

CHa C • C CO,H 

76 5® 

203® 

CsHgO. Ethyl-acetylenecarboxylic acid. 

G.Hg 0 C Co“oH 

50® 



CaHsOa Propyl- „ „ 

C 4 H 7 C ; C CO.H 

27° 

125® (20 mm.) 

CeHgOa Isopropyl- 

C 3 H 7 CJC-COaH 

38® 

115'^ „ 

C 7 H 10 O 2 n-Butyl- „ „ 

CiHa* : C-COoH 



135“ „ 

CjHxoOa tert.-Butyl- „ „ 

C 4 H 8 0 : C CO.H 

47® 

116° „ 

CgHiaOs n-Amyl- „ „ 

CsHii*C : C C0“2H 

5° 

149“ „ 

CjHiiOa n-Hexyl- „ „ 

C 3 H 13 C . C COoH 

- 10 ® 



CioHjoOa n-Heptyl- „ „ 

C : C CO,H 

6 ®- 10 ® 

166“ (20 mm.) 

Ci 2 n 2 o 02 n-Noayl- ,, 

CjHia C : C CO,H 

30® 



CiiHigOft nehydroundecenoic acid . 

CH : C-[CH ,]3 COoH 

42 8 ® 

175® (15 mm.) 

CiiHigOa Undccolic acid 

CH 3 -O. C[CH»], CO>H 

59 5® 

C 18 H 32 O 2 Stearolic acid 

CH 3 *[CH 2 J,-C: C [CHo], C0.,H 

48® 



CisHgaOa Tanric acid .... 

CH 3 [GHaJio C*C [CH 2]4 CO.H 

50 5® 



C 22 H 40 O 2 Behenolic acid 

CH 3 [CHaJ^-C. C-ECHaJu CO,H 

57*5® 

— 


PREPARATION. These acids can be obtained by the following reactions : 
From a sodium alkyl acetylide (suspended in ether), by the action of CO 2 
(a) or of ethyl chlorocarbonate {b)i 
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(«) CHa-C : C-Xa + CO^ = CHs-C = C-CO^Na. 

Sodium methylpropiolatp 

(6) CgHv-C i C-Na + Cl-CO-OCaHj = NaCl + CoHj-C ! C-CO-OCaHj. 

Ethyl propj’lacetylenecarboxjiate 

Various other acids of this series having the triple linking at a distance 
from the carboxyl group (and hence much more stable than the preceding, 
which, when heated, lose CO 2 and give acetylene hydrocarbons) are obtained 
by the elimination of 2HBr (by the action of alkali) from acids of the oleic 
series, this reaction being similar to that taking place with unsaturated hydro- 
carbons {see p. 91) : 

CHs* [CHal^-CHBr^CHBr- = 

Dibromide of oleic acid 

2HBr + CHg- [CHgl^-C •; C- [CHaly-COaH. 

StearoUc acid 

PROPERTIES. Acids of the tj’pe R-C : C-COgH, when treated with 
sodium in absolute alcoholic solution, take up 4 atoms of hydrogen, giving 
acids of the saturated series ; they also combine easily with 2 atoms of bromine, 
but the second pair of bromine atoms, required to produce saturation, are 
added only vith difficulty (the action of light facilitates the reaction) ; when 
boiled with alcoholic potash, they take up a molecule of water, forming 
saturated )3-ketonic acids : 

R-C •: C-COgH + HgO == R-CO-CHg-COgH; 

with aqueous potash, however, they yield methyl ketones, separation of 
COg also taking place ; tert.-butyltetrolic acid does not react. The amines 
and hydrazine also give characteristic reactions with these acids. The esters 
of the acids have pleasant odours and are used in perfumes. 

Acids 'with, a triple bond do not unite with the ozone of a current of 
ozonised air (E. Molinari, 1907 and 1908), but yield peroxyozonides with 
ozonised oxygen (Harries, 1907 ; see p. 299). 

PROPIOLIC ACID (Propinoic, Propargylic, or Acetylenecarboxylic Acid), 
CH : C*C02H, is obtained by heating the aqueous solution of potassium acetylene- 
dicarboxylate : 

C— COgH C—H 

III = COg + 111 

C— CO 2 K C-COgK 

Propiolic acid is a liquid with a more intense odour than acetic acid ; it has the 
sp. gr. 1-139, is soluble in water, alcohol, or ether, solidifies at 4°, melts at 9°, and distils 
unchanged at a pressure of 50 mm. 

The alkali and alkaline-earth salts are extremely soluble in water. 

Prom its esters, metallic acetylides (p. 91 ) are readily prepared. Under the action of 
light and in a vacuum, it undergoes partial polymerisation, yielding benzenetricarboxylic 
acid. 

TETROLIC ACID ( 2 -Butmoic or Methylpropiolic Acid), CHg-C * C-COgH, ii 
obtained by eliminating HCl from the /3-chloro-derivative of crotonic or isocrotonic 
acid. It crystallises from water in rhombic plates, melting at 76-5° and boils unchanged 
at 203°, but it distils only with difficulty in a current of steam. 

Under the action of sodum in alcoholic solution (but not with sodium amalgam in 
aqueous solution), it takes up hydrogen with formation of butyric acid. When oxidised 
with permanganate in alkaline solution, it yields acetic and oxalic acids. 

DEHYDROUNDECENOIC ACID (i-Undecinoic-ii Acid), HC : C-pEgls-COgH, 
obtained by heating dibromonndecenoic acid with alcoholic potash, melts at 42-8°. On 
oxidation, it forms sebacio acid, COgH- [CHgls-COgH. It readily forms acetylides. 
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Treatment with alcoholic potash at 180° converts it into the isomeric Undecolic 
Acid {2-iLndecmrnc~l\ acid), C : C [CH2]7*C02H, melting at 59*5° ; the latter 
IS hence formed with the deh^’droundeccnoic acid, if the reaction referred to above 
takes place at a high temperature. Oxidation of undecolic acid yields azelaic acid, 
CO2H* [CH2]7 -00211 ; it does not give acetjdides, owing to the absence of the charac- 
teristic acetylenic hydrogen atom {see p. 90). 

STEAROLIC ACID (9-Octadecinoic-i Acid), CH3.[CH2]7 C C- [CH2]7-C02H, is 
readily obtained bj" boiling dibromostearic acid (prepared by brommating oleic or elaidic 
acid) with alcoholic potash. It melts at 48°, and under the influence of sulphuric acid 
takes up water, giving a ketosteanc acid. When oxidised with permanganate, it takes 
up 2 atoms of oxygen, giving diketostearic acid, whilst with nitric acid it is resolved 
into nonoic and azelaic acids (it is, however, stable m the air, and thus diflers from 
oleic and linolic acids) : 


C— [CHolv-CHs 


C— [CH2]7‘C02H 

Stearoiic acid 


C0.[CH2]7.CH3 

I ^ CH3 . [CH2]7 • CO2H 4 - CO2H . [CH2]7 • CO2H. 

CO Konoicacid Azelaic acid 

Dikctosteaiic acid 


Stearoiic acid unites vath 2HI, and the resulting diiodostearic acid, when heated with 
alcoholic potash, gives stearoiic acid again, but in two isomeric forms, having the triple 
hnldng in the 8 to 9 and 10 to 11 positions respectively. 

The constitution of stearoiic acid was confirmed by Harries (1907) by decomposing 
the peroxyozonide of the acid, obtained by the action of ozonised oxygen (ozonised air 
does not yield an ozonide, see p. 299) : 

0— C. [CH217-CH3 

0/[ II /OH 4-2H20 = 

Xq— C.[0H2]7-C<' 

^0=0 

Peroxyozonide of steaiolic acid 

H0O2 + CH3.[0H2]7.C02H + CO2H.ECH2l7.CO2H. 

Ifl'onoic acid Azelaic acid 


TARIRIC ACID (6-Octadecinoic-i Acid), CHg-pHalio-C i C.[CH2]4 CO2H, is 
isomeric uith stearoiic acid and melts at 50*5° ,* as glyceride, it forms the iirmcipal 
component of the fat of the fruit of Picramnia Camboita, It is the first compound with a 
triple bond resulting from the vital process of an organism. It is stable in the air and 
yields stearic acid on reduction with hydriodic acid, so that its molecule contains a 
normal carbon atom chain. Energetic oxidation with permanganate or nitric acid yields 
laitric acid, CHs* [CH^Tq-COoH, and adipic acid, COoH- [CH2]4 CO2H. 

BEHENOLIC ACID (9-Docosinoic-22 Acid),“ CH3*[CH2]7-C i C.[CH2]n CO2H, 
melting at 57-5°, is obtained from the dibromide of erucic or brassidic acid, in the 
same way as stearoiic acid is formed from oleic acid. Its constitution follows from its 
behaviour towards reducing and oxidising agents and from the transformation of its 
oxime (Beckmann). 


{1) ACIDS WITH TWO DOUBLE BONDS, 

(Diolefine or Sorbine Series) 

These acids are prepared synthetically by methods analogouw to those 
used for obtaining a /3“Unsaturated acids, for example, by treating a /3-uii^iatu- 
rated aldehydes with malonic acid in presence of pyiidine : 

CH2 : CH-CHO + COgH-CHa-COaH = 

Acrolein 

CO2 + + CHa : GH-CH : CH- CO2H. 

iS-Vinylaerylic acid 

The acids ot_^the_&orbine series, in which the two double linkings are 
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con jugated — that is, one in the ajj- and the other in tne y c-ijosition and there- 
fore separated bv a vsimple linking — can be reduced sodium amalgam in 
actiieous .'solution (in j^resence of a .•>tivam of CU 2 to fix the alkali) ; only ty'o 
hydrogen atoms are then added, (me for each double linking, and a new double 
linking remains in the place of the simple linking preyioiisly separating the 
two original double bonds : 

X- CH : CH* CH : CH- CDoH + Ho = X- CHo* CH : CH- CHy COoH. 

When these sorbin ic acids are oxidised with permanganate, two hydroxyl 
groups enter at the y] -do able linking, while the chain is broken at the y c- 
double linking with formation of an aldehyde {w'liich then undergoes oxida- 
tion) and racemic acid : 

X-CH : CH-CH : CH-CO,H — ^ X-CHO + CO,H-CH(OH)*CH(OH)*COoH, 

IlaP( tiuc ac!(l 

When they are heated with acpieous ammonia, 2 inols. of the latter are added 
at the double linking and two diamino-aeid^ formed. 

On heating, acids of the sorbine series readily polymerise ; hence, wEen 
they are heated with lime or baryta, not only is COo remoyed and diolefine 
hydrocarbom obtained, but di- and tri-moleciilar condensation occurs, giymg 
more complex hydrocarbons which are probably of cyclic structure. 


/3-VINYLACRYLIC ACID (i : 3-Pentad ienoic, Acid), CH, : CH-CH : CH-CO.H, i« 
sunthesised by the method given above. It foriiiN ^ho\Ymg a grey reflex, and 

dissolves slightly m cold water, but readily in hot. At 80- it melts to a mobile liquid, 
which, at 100° to 115°, becomes dense and stTupy and then suddenly decomposes W'ltli 
evolution of gas. In carbon dumlpliide solunon it mines with four atoms of bromine, 
SORBINIC or SORBIC ACID (2: 4-Hexadienoic Acid), CHg-CH : CH-CH : CH- 
COoH, occurs m coiisideiable ciuanlities m imrantaiu-a-h berries. It melts at 134 5°, boils 
at 228° With piriial decomposition, is odouiless and dis-ulves readily m alcohol or ether. 

DIALLYLACETIC ACID (i : 6-Heptadiene-4-methyloic Acid), CHoiCH-CHs- 
CHfCO^H) CHo-CH :CHo, IS obtained s^mtheiicaily from aeetoacetic aeidby tw’o separate 
introductions of the allyl residue. It is a licpaid, sp. gr. 0 050, b.pt. 219° to 222°, and has 
an unpleasant smell. Oxidation with nitric acid leads to the rupture of the carbon atom 
chain at the two double Imk'iigs and formation of Inca/hallyUc acid : 




GERANIC ACID (2 : 6-Diinethyl-2 : 6-octadienoic-8 Acid), (CHs), : C : CH-CH2- 
CH2.C(CH3) ;CH.C02H, is obtained either by oxidation of the corresponding aldehyde 
(citeZ)'witli silver oxide, or by elimination of water from eitraloxime by the action of acetic 
anhydride and hydrolysis of the resulting nitrile with alcoholic potash. It has also been 
obtained, by a series of reactions, from methylJieptenone, (CH3)2 : C : CH - CH2 • CH2* CO • CH3. 

It is a colourless hquid of not very pleasing odour and boils at 153° under a pressure 
of 13 mm. When shaken with 70 per cent, sulphuric acid it yields, among other products, 
the isomeric a-cyclogeranic acid, melting at 106° : 


CH3CH3 

\/ 




HC 

H^C 


CH-COoH — > 

II 

C-CHg 


\c/ 


Ho 

Geianic acid 


CH3CH3 



HoG CH-COaH 

I I 

HoC C-CHg 

■\c./ 

H 

a-Cs^elogerauic acid 


LINOLIC ACID, C18H32O2. In the form of glyceride, tins acid is an imporlant 
constituent of dryirig oils (linseed, sunflower-seed, &e.). From these oils a mixture ot 
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unsatiirated fatty acids can be obtained gives tlie nitrous acid reaction (solidifica- 

tion, owing to the formation of elaidic from oleic acid) only to a slight degree ; it contains 
less hydrogen but not less carbon than oleic acid and is readily oxidised and thickened 
by the oxygen of the air. The salts of these drjdng acids are still more readily oxidisable 
than the acids themselves, and their lead salts, like that of oleic acid, are soluble in ether. 
The various components of this nnxture of fatty acids — with two or three double linkings 
— have not been completely separated, but as the}?- fix 2 mols. of ozone (Molinari and 
Soncim, 1905), give a tetrabromostearic acid, Ci8H3202Br4, with bromine, and with alkaline 
permanganate yield a tetraliydroxystearw {satiric) acid, CisH 3202 ( 0 H) 4 , which gives stearic 
acid with hydrogen iodide, the mixture must contain an acid with two double bonds. 
This is Imolic acid, C 18 H 32 O 2 , which has not been obtained pure, although its stereo - 
isomerides — a-Elseostearic Acid, melting at 43° to 44°, and^Telfairic Acid, obtained 
from telfairia oil, m.pt. 6° and b,pt. 220° to 225° under 13 mm. pressure — have been 
prepared crystalline. Distillation of ricinelaidic acid gives a further isomeride, which 
has a normal structure, contains two double Imkings, and melts at 53° to 54°. 

(c) ACIDS WITH THREE DOUBLE BONDS, C^Han-^eOg 

CITRYLIDENE ACETIC ACID (2:6- Dimethyl -2:6:8- decatrienoic - 10 Acid), 
CH 3 .C(CH 3 ) :CH.CH 2 -CH 2 -C(CH 3 ) :CH.CH:CH.C 02 H, is a mobile oil, distilling at 
175° under a pressure of 18 mm., and is formed by condensing 1 mol. of citral with 1 mol. 
of malonic acid in presence of pyridine : 

CH3.C(CH3) : CH.CH3.CH2.C(CH3) : CH-CHO -h CO2H.CH2.CO2H = 

Citral Malonic acid 

H 2 O + CO 2 + Ci2Hjg02. 

Citrylideneacetic acid 

LINOLENIC AND ISOLINOLENIC ACIDS, CigHsoOa, are components of the 
mixture of drying acids, but have not yet been isolated in a pure state. But with bromine 
two hexahromostearic acids, Ci 8 H 3 o 02 Br 6 , and with permanganate two hexahydroxy- 
stearic acids, CisH 3 o 02 (OH)g, have been obtained and these must be derived from two 
acids containmg three double bonds. The fatty acids of linseed oil contain 50 per cent, 
of these two acids, together with linohc and oleic acids, whilst the other drying oils 
contain Imolic acid in preponderating amount. 

The constitution of Linolenic Acid was definitely established by E. Erdmann, 
Bedford, and Raspe (1909) by decomposing the corresponding tri-ozomdes. The three 
double bonds occur in a normal chain : 

CHg-CHs-CH: CH-CHg.CH: CH-CHg-CH : CH- [CHgh.COgH. 

The ozonides of two stereoisomerides were prepared, their products of decomposition 
being : propaldehyde, malonic dialdehyde, and azelaic semialdehyde. 

Eish oil contams another isomeride, Jecodnic Acid, C 1 SH 30 O 2 , which has been 
little studied. 


IIL POLYBASIC FATTY ACIDS 

A* SATURATED DIBASIC ACIDS, CrM^n{CO^^)^ 

These acids are dibasic, since they contain two carboxyl groups and form 
two series of derivatives : acid and normal. 

In general they are crystalline substances, which distil unchanged in a 
vacuum (beyond C3) and are soluble in water. The members with even 
numbers of carbon atoms have lower melting-points than their immediate 
neighbours in the series with odd numbers of carbon atoms, and the differences 
thus shown diminish as the number of carbon atoms increases. The solu- 
bility in water is greater with the acids containing an odd number of carbon 
atoms than for the others, and in both cases it diminishes with increase of 
molecular weight. The dissociation constant is very high for oxalic acid, 
and diminishes considerably in the higher homologues, which are hence less 
energetic acids. 



SATURATED DIBASIC ACIDS 

Table of the Xoralal Satheated Dibasic Acids 
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Empiiical 

formula 

.. _ 

Xame 

structural formula 

Melting- 

point 


Oxalic acid .... 

COOH COOH 

189= (anhyd.) 


Malonic ,, 

CO.H.C'H,-COoH 

132 ^ 

G4H6O4 

Succinic . 

COsH- [CHala CO^H 

GO 

to 

0 

QHgO* 

Glutanc ,, 

C0,H-[CH:2]3-G0,H 

97-5" 

CgHioO^ 

Adipic ,, .... 

COoH- [CH^li-COoH 

149^ 

CVH10O4 

Pimelic ,, . . . . i 

i C0,H-[CH„]5.C02H 


CgHi^O, 

Suberic ,, 

: CO.H.LCHolj.OCaH 

141° 

G9H16O4 

Azelaic „ 

! co.H-[ca,]7-co2H 

106° 

GioHigO^ 

Sebacic ,, 

C0,H-[CH.]8-C02H 

133° 

C12H02O4 

Decanietli\denedicarbox3dic acid . 

CO.H- [CHslo-COoH 

125° 

G13H24O4 

Brass^dic acid .... 

COoH. [CHolu-COsH 

112° 

G14H26O4 

Dodecamethjdenedicarboxjdic acid 

COoH-[CH.]i2-CO,H 

123° 

C17H32O4 

Roccellic acid .... 

CO.H- [Caiis-COoH 

132= 


METHODS OF PREPARATION. In addition to the usual methods of 
oxidising monobasic fatty acids, primary hydroxy-acids, alcohols, and glj^cols, 
an important and general method consists in h 3 ^drolysing the nitriles {see 
p. 199) or C3'an0"derivatives of the acids, these being obtained from halogen 
alkyls with a less number of carbon atoms. 

Dibasic acids — alwa^^s of higher molecular w^eight — are also obtained by 
the condensation of 2 mols. of the esterified monopotassium salt of a lower 
dibasic acid b}" electrolysis in Hofer’s apparatus : 


CH^-COOCA 

CH^-COOK , H-OH 
H-OH 

CHg-COOK 
(Ihs- COOC2H5 


CHvCOOCaHs 

I “ 

= 2CO2 + 2 KOH + Ha + 

CHa 

ciHa-COOCaHs 


2 mols. Potassium ethyl succinate 


Ethyl adipate 


PROPERTIES. The constitution is deduced from the s^uithesis in which 
compounds, especially the nitriles, of knowm constitution are employed. 
Structural isomerism commences with the acids containing four carbon atoms. 
Those acids which have the two carboxyls united to different carbon atoms 
{i.e, other than oxalic and malonic acids and their derivatives), in presence 
of dehydrating substances (PGI 5 , COCI 2 , &ic.), or on heating, lose a molecule of 
water and form a kind of c^mlic compound, known as an internal anhydride : 


CHa-COOH 

= H20 + 

CHo-CO. 

1 > 

OHa-CO^ 

ina-cooH 


Succimc acid 


Succinic anhydride 

CHa- COOH 


CH 2 — CO 

1 1 

j 

CH 2 

= + 

CHj 0 

1 1 

ilHa-COOH 


CHj— CO 

Glutaric acid 


Glutaric anliydride 


The ready formation of these anhydrides by the reaction of the two 
terminal carboxyl groups {w, w') is readily explained by arranging the carbon 
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atoms in space {see p. 18 et seq.), with their valencies in the directions _ of 
the angles of regular tetrahedra. Thus, with succinic acid, which contains 
four carbon atoms, the two hydroxyls of the carboxyl groups are found to be 
moderatel}' close together (Fig. 246), whilst in glutaric acid the two hj^'droxyls 
are ahnost superposed, so that water readily separates, forming a closed ring 
(Fig. 247). 

Similarly the amides {which see) or the ammonium salts of these acids 
readily form imides {see later), which can be hydrolysed like the amide.s ; 

CH,-COONH, CH2-C0\ 

1 “ = 2H2O+ I 

CHa-COOH GHj-CO^ 

llonoanimonium succinate Succmimidc 

COOH 

OXALIC ACID (Ethandioic Acid), has been known from the 

COOH 

earliest timeSj since it occurs frequently in nacure in plants, especially in 




sorrel^ in the form of acid potassium oxalate, and also as incrustations of 
calcium oxalate in plant-cells and in the roots of rhubarb. 

It is often formed in the oxidation of organic substances (sugar, wood, 
starch, &c.) by nitric acid or permanganate, or by fused caustic |)otash. 

It is obtained synthetically by heating sodium or potassium formate 
rapidly (best in a vacuum at 280°): 2H-COONa = NagCaO^ + (the 
reverse change, from oxalic to formic acid, has already been referred to on 
p. 269), or by passing carbon dioxide over metallic sodium heated to about 
350° : 2]Ma + 200^ = 

Its industrial manufacture was, until recently, carried out exclusively 
by the method devised by Gay-Lussac in 1829 and applied by Dale in 1856 : 
sawdust (1 part) moistened with caustic soda solution (2 parts, sp, gr. 1*4) 
is heated at about 240° and frequently stirred with iron plates until a greenish 
yellow mass is formed. While still hot, this is dissolved in water and the 
solution filtered and concentrated to 38° Be. When cold, the solution 
deposits crude sodium oxalate, which is dissolved in a small quantity of boiling 
water and precipitated as insoluble calcium oxalate by means of lime. The 
precipitate is made into a paste with water and the oxalic acid liberated by 
addition of sulphuric acid. The liquid is decanted and concentrated until 



OXALIC ACIDS AND OXALATES SOT 

the whole of the calcium sulphate separates, the oxalic acid being then allowed 
to crystallise out and subsequently purified by repeated recrystallisation. 

At the j)resent time, the acid and also the various alkaline oxalates are 
prepared by Goldschmidt’s jirocess {see p. 269), which consists in heating 
a mixture of potassium formate or carbonate with a little potassium oxalate 
and a slight excess of alkali {3 to 4 per cent.). From the oxalate thus obtained 
the oxahc acid is liberated by means of sulphuric acid. 

It crystallises in odourless and transparent monoelinic prisms, H2C2O4 + 
2H2O, which have a marked acid taste, effloresce in the air, and dissolve in 
13 parts of cold or 0-3 to 0-4 part of hot water. The crystals lose their 
water of ciystallisation partially at 30^ and, after dehjxlration, sublime. 
When heated moderate^ strongly or treated with concentrated sulphuric 
acid, oxalic acid decomposes into CO, CO2, and H2O. It is poisonous and is 
used in the dyeing and printing of textiles and of wool ; it serves for bleaching 
straw, removing rust stains from textiles, purifying gtycerine and stearine, 
cleaning brass, &c. 

The acid is estimated by means of normal caustic soda solution in presence of plienol- 
phthalem, or of decmormal potassium permanganate solution in presence of sulphuric 
acid in the hot : 

2EMxiOi + 5H2C2O4 + SHoSOi == K2SO4 + lOCOo + SH^O + 2 :MnS 04 . 


Ammoniacal impurities are detected with Kessler’s reagent (vol. i, p. 539), and, when 
pure, the acid should leave no ash, and 0*5 grm. of it should dissolve completely when 
shaken with 100 c.c. of ether. 

The commercial crystallised acid is sold at 565. to 6O5. per qumtal, whilst the doubly 
purified product costs £4 and the chemically pure 1285. Italy imported the following 
quantities at 72s. per qumtal: 1160 quintals m 1907, 960 in 1908, 755 in 1909, and 1890, 
costing £6424, in 1910. In Russia, four factories produced about 8500 quintals of oxalic 
acid in 1909, by heating sawdust with alkali. In 1908 Germany exported 51,000 qumtals 
of oxalic acid and potassium oxalate, and 44,700 quintals in 1909. Ixi 1911 the United 
States imported 1600 tons of oxalic acid of the value £33,000. 

SALTS OF OXALIC ACID. Owing to the presence of two carboxyl groups in the 
molecule, oxalic acid gives both acid and neutral salts. The alkaline oxalates are soluble 
in water and are often used instead of the acid, especially in dyeing. 

NORMAL POTASSIUM OXALATE, K2C2O4, used to be obtained by neutralising 
the acid with potassium carbonate, concentrating and allowing to crystallise. Nowadays 
it is prepared by Goldschmidt’s method {see above). It dissolves in three parts of water, 
crystallises with IH2O and readily effloresces in the air. It costs 84s. to 885. per quintal, 
or, when chemically pure, £6. 

ACID POTASSIUM OXALATE (or Potassium Hydrogen Oxalate), KHC2O4, is 
obtained by dissolving the neutral oxalate (1 mol.) and oxalic acid (1 mol.) in water, 
concentrating and allowing to crystallise, when it separates with IH2O. It has a bitter, 
acid taste, is poisonous and dissolves in 14 parts of hot water. 

POTASSIUM TETROXALATE (Commercial Salt of Sorrel), KHC2O4 + H2C2O44- 
2H2O, does not effloresce or lose its water of crystallisation in the air. It is obtained by 
mixing a hot, saturated solution of potassuim oxalate with the calculated amount of 
saturated oxalic acid solution. It costs 845. to 885. per quintal, or, if chemically pure, 1285. 

CALCIUM OXALATE, CaC204, crystallises with 2II2O and is obtained from a 
solution of a soluble oxalate, containing either ammonia or acetic acid, by addition of 
a soluble calcium salt. It is insoluble in water or acetic acid. 

FERROUS OXALATE, FeC204, or, better, Ferrous Potassium Oxalate, 
K2Fe( €204)2 + H2O, gives a yellow aqueous solution owing to the colour of its cation, 
FeC204''. It possesses strong reducing properties and is largely used on this account, 
while it serves also as a good photographic developer. 

POTASSIUM FERRIC OXALATE, K2Fe3 (0204)3, gives a green aqueous solution 
owing to the colour of its cation, Fe(C204)3''''^ In the light it yields CO2 and potas'^itun 
ferrous oxalate, and it is used in the platinotype method of photography. 
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CC) H 

MALONIC ACID (Propandioic Acid), H 4 C 304 orCH 2 <^Q^j^, forms crystals melting 

at 132^ and is readily soluble in water (1 ; l-l at 15°), alcoliul, or ether. It occurs in the 
beetroot and is obtained synthetically by hydrolysing cyanoacetic acid prepared from 
a hot aq^ueous solution of potassium chloroacetate and potassium cyanide : 


CH 2 < 


Cl 

C 02 H 


Chloroacetic acid 


CH3<^ 


ON 

COoH 


Cyanoacetic acid 


CH 2 < 


C 02 H 

C 02 H 


Malonic acid 


Like all compounds containing two carboxyl groups united to the same carbon atom, 
it evolYes CO 2 when heated above its melting-point, acetic acid being formed. Higher 
monobasic acids are similarly obtained from alkylated malonic acids : 

CH3.CH2.CH2 CH<^^V _ ^ CHs.CHo.CHs OHa-COsH. 

:S'omial propylmalouic acid ls"oimal valeric acid 


Maloiiic acid forms an ester, ETHYL MALONATE, CH 2 <S 9 ^ which is of great 

LU 2 '-'2x15 

importance, since it allows of the synthetical preparation of the most varied bigl;ier dibasic 
acids, and from these, by loss of carbon dioxide, of the corresponding monobasic acids. 
This ester is obtained by passing gaseous hydrogen chloride into cyanoacetic acid dissolved 
in absolute alcohol ; it is then separated by distillation, as it boils at 198°. At 15° it 
has the sp. gr. 1*061. 

The hydrogen atoms of the methylene group of this ester can be replaced by one or 
two atoms of sodium (or halogens) giving highly reactive sodiomalonic esters. The sodium 
in these can be substituted by one or two alkyl groups simply by treatment with an alkyl 


HOMOLOGUES OF MALONIC ACID 


Xame of acid 

Formula 

Melting- 
point 
of acid 

Boiling-point 
of the 

diethyl ester 

Methylmalonic 

CH 3 .CH(C 02 H), 

about ISO'^ 

190°~193° 

Dimethylmalonic 

(CH3)2 : C(C02H)2 

192°-193° 

196° 

Ethylmalonic . 

C2H5.CH(C0,H)2 

112 ° 

210 ° 

Diethylmalonic 

(C 2 H 5 ) 2 : C(C 02 H )2 

124° 

230° 

Propylmalonic 

CaHs.CHa CH(COoH), 

93*5° 

219°-222° 

Dipropylmalonic 

(C 2 H 5 .CH 2 .) 2 :C{C 0 „H )2 

156° 

248°-250° 

Isopropylmalonic 

(CH 3 ) 2 :CH. 0 H( 00 ,H)„ 

86 ° 

213°-~214° 

Methyiethylmalonic . 

(CH3)(C2H5)C(C02H)2 

118° 

207°-208° 

Butylmalonic . 

C 2 H 5 .CH 2 .CH 2 CHCCOaH), 

98*5° 



sec. Butylmalonic 

C 2 H 5 . CH(GH 3 ). CH(C 0 ,H )2 

76° 

224°-225° 

Isobutylmalonio 

(CH3)2: CH.CH 2 .CH(Cb 2 H), 

107° 

22S°-226° 

Diisobutylmalonic 

[(0H3)2 : CH. CH 2 • ]aC(C02H)2 

145°-150° 

245°-266“ 

Methylpropyhnalonic 

(CH3)(C2H5.CH2.)C(C02H)2 

106°-107° 

220°-223° 

Methylisopropylmalonic . 

[(CH3)20H](CH3) : C(C02H)2 

124° 

221 ° 

Pentylmalonic . 

; C2H5.oh2.ch2.ch2.ch(co,h). 

82° 



Isoamyhnalonic 

(CHs) 2 CH . CH 2 . CH 2 • CH(C 02 H )2 

98° 

240°-242° 

Diisoamylmalonic 

[(CH 3 ) 2 CH. CHa. CH 2 . ] 2 C(C 02 H )2 

147°-148° 

278°-280° 

2-Methylbutyimalonic 

(CH 3 )(C 2 H 5 )CH . CH 2 . CHCCOaH), 

90°-91° 

244°-246° 

tert. Amylmalonic . 

(CH3)2(02H5)C. CH(C0oH)2 



238° 

sec. Amylmalonic 

(C2H5)20H.C!H(C02H)2 

52°-53° 

242°-246° 

Methylisobutylmalonic 

(ch3)2Ch.ch:s.C(CH3)(C02H)2 

122 ° 

230°-236° 

Ethylisopropylmalonic 

(CH3)2CH.0(C2H5)(C02H)2 

131°~131-5° 

232°-233° 

Cetvlmalonic . 

CH3.[CH2]i5.C!H(C02H)2 

121*5°-122° 

. 

Dicetylmalonic 

[CH3.(CH2)i5.]2:C(C02H)2 

86°-87° 



Bioetylmalonie 

[CH3.(CH2),.]2:C(C02H)2 

75° 

338°-340° 
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iodide, sodium iodide bemg separated at the same time. The resulting products are 
higher homologues of the maionic ester and hence yield the corresponding homologues 
of inalonic acid on hydrolysis. The hydrolysis of the esters of dibasic acids by alkali 
takes place in two stages, the second ester group being hydrolysed more slowiy than the 
first. 

Treatment of ethyl malonate (1 mol.) with sodium (1 or 2 atoms) results m the evolu- 
tion of hydrogen and the formation of the solid mono- or di-sodiomalomc ester : 


Xa-CH< 


COo-CoHs 

COs-CoHs 


or 


CXa2< 


COa-CoHs 


The sodium of the monosodio -compound can be replaced by an alkyl group and the 
remaining methylene hydrogen then replaced by sodium, which can subsequently be 
substituted b}’ an alkyl group different from the first. 

An example of this sjmthesis is as follows : 


Xa.CH< 


CO2.C3H5 

COo-CoHs 


+ CH3I = Xal + CH3 CH< 


CO2-C0H5 

COs-CoHs 


CH3.CXa< 


CO2.C2H5 

CO3.C2H5 


-I- C2H5I == Xal -f CHa.qCoHsX 


COa-CoHs 

CO3.C2H5 


Hj^drolysis of the final ester yields Methyiethylmalonic Acid. 

Homologues of succinic acids can be obtamed as follows : 

^ Br.CH<gqA ^ 
Ethjl bodiomethylmalonate Eth\I a-biomopropionate 

COo-CoHs 

XaBr + CH3 -C-CH<p^^ 

I vrig 

CO>.CoH 5 


When this complex ester is saponified and the acid thus formed heated to expel CO® 
from one of the carboxyl groups united to the same carbon atom, symmetrical dimethyl- 
succinic acid is obtained : 

CO2H COgH CO2H 

CH3.C.CH<^i^^® = CO 2 + CHs-CH CH-CHg 

j tyXlg 

CO2H 


Also 2'mols. of ethyl sodiomethylmalonate (or ethyl sodiomalonate or its homologues)* 
can be condensed m ethereal solution by means of bromine or iodine : 


CO2.C2H5 CO2.C2H5 

+ I2 = 2XaI + CH3.C C-CHg 

COa-CaHs COa-CsHs 

Etli} 1 dimetliylethanetetracarboxylate 

Hydrolysis of this ester gives the corresponding acid and the latter loses 2CO2 on 
heating, yielding dimethylsuccinic acid. Similiarly, succinic acid may be obtained from 
ethyl soiomalonate, and homologous, symmetrical alkylsuccinic acids by condensirg 
2 mols, of ethyl sodioalkylmalonate containing alkyl groups higher than methyl ; 

OOoH OOoH CO2H CO2H 

r r I* I 

CHg.C O-CH 3 = 2COa + CHs-CH CiH-CHa 

I I Dimetliylsuccmic acid 

CO2H OO2H 
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SUCCINIC ACIDS, CiHfiOi (Two Isomerides) 

la] ORDINARY SUCCINIC ACID (Butandioic or Ethylenesuccinic Acid), 
COoH-CHo-CHa-COoH, occurs m nature in various plants, in the unripo grape, m certain 
lignites, and, more especially, m amber, from tvhicli it is obtained by distillation or 

llcoliolic fermentation also Yields a small amount of succinic acid, which thus forms 
a nmnial constituent of irine. Ehrlich (1009) has show that, in the alcoholic fermenta- 
tion of sugar, the succinic acid is formed from the glutamic acid resultmg from the 
decomposition of the cells of the ferment. Numerous syntheses also lead to the formation 
of succinic acid ; e g. the reduction by hydrogen of fumaric or maleic acid these being 
unsaturated dibasic acids, C^SiOi ; h 5 'drolysis of ethylene_ cyanide, ON CH 2 -CH 2 ON, 
obtamed from etlivlene bromide, OaH.Bra (see aboie) ; reduction of the hydroxy-acids, 
malic and tartaric aeids, by means of hydnod.c acid ; heating of ethyl cthaiiotnearboxylate 
above its melting-point : 

MOJl 


CH2-C0,H 


~ COo + 


CHs-COaH 
CH, COoH 


Various alk3’'lsiicciiiic acids are obtained by syntheses with ethyl in al on ate. 


HOMOLOGUES OF SUCCINIC ACID 


itsamc of acid 


Methylsuccinic . . . . . 

Ethylsnccinic ...... 

sjmm. Dimethyls uccinic (fiimaroid) . 

,, ,, (maleinoid) . 

asymm. „ . . . . 

Propylsuccinic 

Isopropylsucciiiic 

symm, Methylethylsuccinic (fumaroid) 

„ „ (maleinoid) 

asymm. „ 

Trimethylsuccinic . . . . . 

Butylsnccmic 

Isobntylsuceinic .... 
sjmm. Methylpropylsnccinic (fumaroid) 

,, „ (maleinoid) 

„ Methylisopropylsucciuic (fumaroid) . 
,, „ (maleinoid) 

„ Diethyisnccmic (fumaroid) 

„ „ (maleinoid) 

asymm. „ . . . . 

a a -Dimethyl-a -ethylsuccinic 
Tetramethylsuccinio . . , . 

Isoamylsucoinic . . . . . 

n-Hexylsuccinic . . . , . 

symm. Dipropylsuccinic (fumaroid) . 

„ „ (maleinoid) . 

n-Heptylsuccinic . . , , . 

symm. Diisobutylsuccinxc (fumaroid) 

„ (maleinoid) 

Tetraethyl succinic 

Tetrapropylsuccinic ..... 


Composition 
of acid 

I Melting-point 

I of acid, 

Meltmg-pomt 
of the anhydride 

C5H8O4 

112° 

37° 

CeHioOi 

99° 

Luiuid 

OeB-ioO^ 

209° 

43° 

O6H10O4 

129° 1 

91° 

C7H13O4 

140°-141° 1 

31° 

C7H12O4 

91° 

Liquid 

C 7 Hi «,04 

114° 


C7H1204 

180° 

— 

C 7 H ,204 

101°-102° 

Liquid 

C7H12O4 

104° 

a 

C7H12O4 

152° 

38° 

C8H14O4 

81° 


O8H14O4 

109° 

Liquid 

C8H14O4 

15S°~160° 


C8H14O4 

92°-93° 


C8H14O4 

174°~175° 

46° 

C8H44O4 

125°~126° 

Liquid 

C 8 Hi 404 

189°-190° 

J! 

C8H44O4 

129° 

It 

C8H14O4 

1 86° 


08 Hi 404 

! 139°-140° 

tt 

OSH14O4 

' 200° 

UT 

C 8 H 4 e 04 

75°~76° 

— 

C10H18O4 

87° 

57° 

C10H18O4 

182°-183° 

' Liquid 

OtoHx 804 

119°~121° 

5J 

CnH 2 o 04 

9a°~91° 


012^2204 

195° 

Liquid 

C12U22O4 

97°~98° 

?? 

O12 112204 

149° 

86° 

0 ieH 3 Q 04 

137° 

— 
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PYROTARTARIC ACIDS 

Pure succinic acid crystallises in nionoclinic plates, m.pt. 182°, b.pt. 235°, having 
a disagreeable acid taste. When subjected to distillation, it loses water and yields 
succinic anhydride. Its solubility in water is 1 : 20 at the ordinary temperature, and 
it is highly resistant to the action of oxidising agents. 

Calcium succinate is soluble in water ; ferric succinate is used in the estimation of ii'on. 
(6) ISOSUCCINIC ACID (Ethylidenesuccinic or Methylpropandioic Acid), 

forms needles or prisms w^hich melt at 130° with evolution of COo and 

formation of propionic acid. It is more soluble in water than its isomeride, but yields 
no anh 3 ^dride. It is obtained by s^mthesis from etlud malonate, or by treatment of 
a-bromopropionic acid wuth KCX and subsequent hydrol^^sis. 


PYROTARTARIC ACIDS, CsHsO^ (Four Isomerides) 


{a) GLUTARIC ACID (Normal Pyrotartaric or Pentadioic Acid), 
C02H*CH2-CH2*CH2*C02H3 forms m'stals melting at 97-5" and is readily 
soluble ill water. It is obtained from 1 mol. of methylene iodide and 2 
mols. of ethyl sodiomalonate, the intermediate product being m’drolysed 
and 2 mols. of CO 2 then eliminated by heating : 



CH< 

2 Na • CH<^!g J + CH2I3 = 

2 NaI + CH, 

1 


CH< 

.COoH 

1 ^CO^H 

CH,-CO,H 

1 

CHa = 2CO2 + 

CH, 

.L .COaH 

JHo-COaH 

Glutaric acid 


C02-C2H- 

COg-CsHs 


CO.-C,!!, 

COa-CoHo 


{b) PYROTARTARIC ACID (Methylbutandioic Acid), 

COaH-CHs-CH-COgH 

I 

CH 3 

is formed, together with pyruvic acid, when ordinary tartaric acid is subjected 
to dxy distillation •, synthetically it is jirepared from ethyl acetoacetate. It 
forms small triclinic crystals melting at 117^ and its aiih 3 "dride is known. 
Siiice it contains an asymmetric carbon atom, it exists in two optically active 
stereoisomerides . 


HIGHER HOMOLOGUES 


The dialkylsuccinic acids (see above) contain two asymmetric caibon atoms 
and give rise to important cases of stereoisomerism. Together with the homo- 
logues of glutaric and adipic acids, they are found among the products of decom- 
position of the terpenes and hence serve to establish the composition of these. 

/S-METHYLADIPIC ACID, C02H'CH2*CH(CH3)-CH2*CH2*C02H, melts 
at 85° and occurs along with menthol, &;c., in the oxidation products of 
numerous ethereal oils. 

AZELAIC ACID, CO 2 H • [CH 2]7 • CO 2 H, is now obtained easily and cheaply by decom- 
posing the ozonides of oils and of the corresponding unsaturated fatty acids, especially 
of oleic acid (E. Molinari, Soncini, and Eenaroli, 1906-1908). The acid originally cost 
£24 per kilo, but can now be sold for a few shillings. It is obtained well crystallised from 
benzene or from water, in which it dissolves easily in the hot but only slightly in the 
cold (1*648 per cent, at 55°, 0*817 per cent, at 44*5°, 0*214 per cent, at 22°, and 0*212 per 
cent, at 15°); it is soluble also m alcohol or ether, melts at 106°, and gives a calcium salt 
which dissolves in cold but not in hot water. 
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HIGHER HOMOLOGUES OF OLEFINEDICARBOXYLIC ACIDS 


Xame of Acid 

Struct uie 

X = CO 2 H 

Melting-point 
of acid 

Melting-point 
of the 
anhydride 

Boiling-point 
of the 
anhydiide 

Dimethylfumanc (a-methyl- 

CHa CX . CX CHa 

239°-240° 





mesaconic) 

Ethylfumaiic ( 7 -methylmesa- 
conic) 

CHa CHa CX . CHX 

194°-196° 



Ethylmaleic (y-metiiylcitra- 
conic) 

CEa CHo CX : CHX 

100 ° 

Liquid 

229° 

a-Mcthylitaconic . 

CH<. . CX CHX CHo 

150°-151° 

62°-63° 

— 

7 -ilethylitaconic . 

CHa CH : CX CH„X 

166°-167° 

— 

— 

Propyl fnmaric 

CHa CHo CHo CX“ : CHX 

174®-175° 

— 

— 

Propyliualeic 

CHa- CHo CHo CXrCHX 

93°-95° 

— 

243°-245° 

y'-Ethyiitaconic . 

CHa CHo CHo : CX CHoX 

162°-167° 

— 

— 

Allylsuccinic 

CHo : CH CHo CHX CHoX 

92°-93° 

Liquid 

About 20 ° 

Isopropylfumai 1 C . 

(CH 3 ) 2 CH CX" : CHX 

185°-186° 

— 

— 

Isopropylmaleic . 

(CH 3 )oCH-CX'CHX 

91°-93° 

+ 5° 

138° (61 mm ) 

7 y-Diiiietliylitacoiiic (teracomc) 

(CH 3 )oC : CX CHoX 

160°-161° 

44° 

197° (22 mm.) 

V-Methylene-y-methylpyro- 
tartanc .... 

CHo . CfCHa) CHX CHoX 

146°-147° 

Liquid 



Methylethylmaleic 

CHa CHo CX ; CX CHg 

— 


230° 

a-Ethylitaconic . 

CHo : CX CHX CHo CH, 

150° 

52° 

— 

ay-Dimethylitaconic 

CHa CH : CX CHX CH 3 

202 ° 

Liquid 

131° (16 mm.) 

aa-Dimethylitaconic 

CHo : CX CX(CH3)2 

142 5° 

,, 

210°-215° 

Butylfumaric 

CoHs-CHo CHo CX : CHX 

170° 

— 

— 

Butylmaleic 

C 0 H 5 CHo CHo CX CHX 

! 80° 

— 

— 

7 -Propylitaconic . 

CaHg-CHo CH; CX CHsX 

159°-160° 

— 

— 

Isobutylfumanc 

(CH 3 )oCH CHo-CX : CHX 

183° 

— 

— 

Isobutylmaleic . 

(CH 3 )oCH CHs CX : CHX 

78°-81° 

— 

— 

y-Isopropylitaconic 

(CH 3 )oCH CH . CX CHaX 

189°-192 ° 

— 

— 

Methylpropylmaleic 

CHaCHo-CHo-CX.CX CH 3 

— 

Liquid 

241°-242° 

Methylisopropylmaleic . | 

(CH 3 ) 2 CH CX : CX CHa 

— 


240°--242° 

Dietliylmaleic . . . | 

C 0 H 5 CXrCX-CoHs 

— 


239°-240° 

y-Methyl-a-ethylitaconic . j 

CHa CH ; CX CHX C 0 H 5 

136 ° 

5 J 

143° (12 mm ) 


B. UNSATURATED DIBASIC ACIDS 


I. OLEFINEDICARBOXYLIC ACIDS, 


C 4 H 4 O 4 

Fumaric acid 

C 02 H-CH melts at 

II 

200 ° (sublimes) 

>} 

Maleic acid . 

CH.CO 2 H 

HC CO 2 H 

li 

HC.COoH 

CO 2 H.C.CH 3 

77 

130° boils at 160° 

GsHfiOi 

Mesaconic acid 

77 

202 ° — 

57 

Citracoiiie acid 

CH.CO 2 H 

CHg-C-COsH 

11 

CH-COsH 

CH 2 :C-C 02 H 

77 

91° 

79 

Itaconic acid 

77 

161° -- 

77 

Glutaconie acid 

CH2-COoH 
CO.H CH : CH.CH 2 .CO.H 

fj 

132° — 

QHsO* 

Pyrocinclioiiic acid 

CH 3 .C.CO 2 H 

11 

CHa-C-CO^H 

CHg-C—CO^ 

0JJ .(i QO'^ 

CO 2 H.CH 2 .CH 2 .CH : CH.CO 2 H 


— — 

CeSeOs 

Pyrocincliomc an- 
Iiydride 

i7 

96° boils at 223° 


a/3-Hydromtieic acid 

77 

169° (stable) 

77 


CO 2 H.CH 2 .CH: CHsCHa-COsH 

77 

195° (labile) 
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FUMARIC AND OLEIC ACIDS 


As far as the carboxyl groups are concerned, these acids hare chemical 
jn’operties similar to those of the saturated dibasic acids (see p. 305), whilst 
as they are uiisatiirated compounds, they are able to combine with 2 atoms of 
hydrogen or halogen or with 1 mol. of a halogen hydracid. 

They are usualR prepared from the mono- and di-halogen substitution 
products of succinic acid and its homologues by removing either 1 mol. of 
halogen hydracid (by heating with KOH) or 2 atoms of halogen : 


CH. - CO.H HBr + CO.H • CH 

r — “II 

CHBr-COaH CH-COgH 

ilonobiomosuccmic acid Fuinaric acid 

Distillation of the saturated dibasic hydroxy-acids results in the removal 
of 1 mol of H2O and the formation of unsaturated acids. 

The most interesting cases of stereoisomerism were considered on p. 21. 
When fumaric acid is either heated or treated with PCls, POCI3, or P2O5, it 
is converted into maleic anhydride. Maleic acid is transformed into fumaric 
acid by heating at 200° in a sealed tube or by the action of bromine or of 
various acids in joresence of sunlight. 

FUMARIC ACID (trans-Butendioic Acid), or CO^H-CH, 


HC-COgH 

forms small white prisms which have a marked acid taste and are almost 
insoluble in water ; it does not melt but sublimes at about 200°, subsequent ty 
losing water and becoming converted largely into maleic anhydride. 

It is moderately widesjoread in certain vegetable oi'ganisms, e.g. in fungi, 
truffles, Iceland moss, and especially in Fumaria officinalis. It can be prepared 
by the ordinary SAUithetical methods and also by the action of phosphorus 
and bromine on succinic acid, the product obtained being decomposed by 
heating with water. 

It is stereoisomeric with maleic acid {see p. 21) and its reduction to normal 
succinic acid by means of nascent hydrogen confirms its constitution, which 
is also deduced from the decomposition of the corresponding ozoiiide (Harries). 

The Silver Salt, C4H204Ag2 As slightly soluble in water, and the same is the 
case with the barium salt, C4H2O4 Ba + SHgO, which in boiling water becomes 
insoluble and separates in the anhydrous form, C4H204Ba. 

MALEIC ACID (cis-Butendioic Acid), C4H4O4 or CH-COsH forms large 

II 

CHCO 2H 

prisms melting at 130° and having an unpleasant taste ; it boils at 160°, 
losing water and becoming converted partiall^’^ into maleic anhydride. It is 
readily soluble in water. 

Its ready transformation into maleic anhydride is explained by the stereo- 
chemical relations considered on p. 21 et seq., and in many general methods 
of preparing the acid, the anhydride is first obtained. 

The Barium Salt, C4H204Ba + H2O, is soluble in hot w^ater, from which 
it crystallises well. 

Electrolysis of the afflali salts of fumaric and maleic acids yields acetylene. 
When heated with sodium hydroxide at 100°, these two acids are converted 
into inactive maleic acid. 

ITACONIC ACID (Methylenesuccinic Acid), C5H604or CH2 : C-C 02 H, is a white 

CHg-COsH 

substance melting at 161 ° and non-volatile in steam. It is obtained by the action of 
water on its anhydride, the latter being formed by the interaction of eztraconic anhydride 
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and water at 150°. Hydrogen converts it into p^Totartanc acid and permanganate into 
hydroxj^araconic acid. On electrolysis it yields allene, CH2 : C : CH2. 

MES AGONIC ACID (Methylfumaric Acid), CgHeO^ or COsH-C CH3, is formed by 

HC COqH 

heating citraconic or itaconic acid with water at 200° or by treatment of citraconic acid 
■with dilute HNO3 or concentrated NaOH, or with traces of bromine in sunlight. It is 
difficultly soluble in water, melts at 202°, and does not distil in steam. When electrolysed 
it forms" aZ/yZewe, CHg-C i CH, while with hj^-drogen it gives pyrotartanc acid and with 
permanganate, pjTotartaric and oxalic acids. It forms a barium salt, CgH^O^Ba +4H2O. 
CITRACONIC ACID (Methylmaleic Acid),C5H604 or CHs-C-COaH, is formed from 

HC.CO2H 

the corresponding anhydride and water. It melts at 91°, differs from the two preceding 
acids by being very soluble in water, distils in steam and readily gives the anhydiide 
again. On electrolysis it yields aUylene, while with hydrogen it forms pyrotartanc acid. 

GLUTACONIC ACID, C5H6O4 or COaH-CH : CH-CHs-COgH, is isomeric with the 
three preceding acids and is obtamed by hydrolysing the corresponding ester with HCl ; 
it melts at 132° and the hydrogen of its CHa-group is replaceable by sodium {see p. 309). 

Of the higher homologues of these acids mention may be made of the alhyhtaconic 
acids, with which, on heating with NaOH solution, the position of the double linking 
changes, giving alkjdmesacomc and allcylaticonic acids (Fittig), e.g. isobutylaticonic acid 
(CH3)2CH*CH: CH-GH(C02H)*CH2*C02H, which melts at 93° ; with alkalis these acids 
undergo the reverse change to some extent. 

The calcium and barium salts of the alkylmesaconic acids are readily soluble in water, 
and those of the alkylitaconic acids slightly soluble. 

Of these homologous acids, the followmg deserve mention : 

PYROCINCHONIC ACID (Dimethylmaleic or Dimethylfumaric Acid), C6H8O4 or 
C02H-C = C-C02H. Of the two stereoisomerides, only dimethylmaleic acid was until 

CH3 CH3 

recently knovni and then only as the anhydride, namely, 'pyrocincJionic anliydnde (m.pt. 
96°, b.pt. 223°). Dimethylmaleic acid cannot exist m the free state, as it immediately 
gives up water, forming the anhydride ; its esters are, however, Imown. 

CH3.C.CO. 

The anhydride, || ^0, may be prepared m various ways, e.g, by distilling in 

CHs-C-CO/ 

steam the product of the interaction of p3n:otartaric acid and sodium succinate. But 
a better yield is obtained by first preparing the nitrile of methylacetoacetic acid and 
distilling this in a vacuum. 

Accordmg to A. Bischofi, the stereoisomeride, Dimethylfumaric Acid, 0H3-C-C0oH- 

II 

COsH-C-CHa 

Qould not, owing to stereochemical considerations, be formed in the free state. But 
Pittig and Kettner (1899) and also E. Molmari (1900) have succeeded in isolating it in 
various ways.^ It forms white crystals, m.pt. 152° ; its amido -derivatives have also 
been prepared. 

1 Fittig and Kettner, malang use of the property of varwus acids, Tiomologous with citiaconic acid, of yielding 
the correspondififf fumaroid isomeride when simply heated with alkali, obtained from pyiocinchoiiic aiihydndc, tli*e 
two acids * one melting at 151°, to which is ascribed the constitution CHg : C CO 2 H {^-methyhtaconic acid),\iia 

CHa- CH COaH 

another melting at 240° and regarded as CH,-C CO fS. {dimethylfumaric acid). It is highly piobable, for the 

II 

COaH'C-CHa 

following reasons, that the latter constitution should be attributed to the acid melting at 151°. 

By a long series of investigations (1881 to 1896), Komer and Menozzi showed that, m general, the treatment 
of a-amino-acids with methyl iodide in presence of caustic potash yields the corresponding betaines (condensed alkyl- 
substituted amines) ; hut the ^-amino-acids, if similarly treated, always yield the corresponding unsaturated, non- 
nitrogenous acids of the fumaroid type (betames being probably formed as intermediate products). the same 
p-amino-acid can be obtained from the two stereoisomemc unsaturated acids, this general teaction renders it possible to 
pass from a malenoid unsaturated acid to the con esponding fumaroid stei eoisomende By applying this reaction 
to pyrocmchonic anhydride, K. Molmari aruved at the expected stereoisomeride {dimethylfumaric acid), melting 
at 152®. 
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Bauer (1904) made the intere&tmg- obfeervation that dimethylfumaric acid and, in 
general, compounds containing caiboxvl or alkyl or phenyl group* or bromine atoms 
united to Itto carbon atoms connected by a double hnking do not imite with bromnie. 

HYDROMUCONIC ACIDS, CeHsOi. Ot these aie known ( 1 ) the «/j-unsatiuated acid, 
COoH • CH 2 * ^^^2 • CH : OH - 00211 , which i* stable and melts at 169' ; with permanganate 

it yields^uccmic acid. 1:2) The unstable /3y -acid, COoH-CHo-CH : CH-CHo-COoH, which 
melts at 195° and is obtained by reducing muconic acid ; when heated with alkali, it is 
converted into the stable isomeride, whilst with permansranate it scives malonie acid, 
CO 2 H.CH 2 CO 2 H. 

Of the DIOLEFINEDICARBOXYLIC ACIDS, only Muconic Acid, CO^H-CH : 
CH-CH : CH CO 2 H, melting above 260°, need be referred to, 

Of the ACETYLENEDICARBOXYLIC ACIDS, mention vail be made only of 
Acetylenedicarboxylic (Butindioic) Acid, CO>H C : C-COoH, which melts and 
decomposes at 175° ; it crystallises with SHoO, It is obtained on removing HBr from 
dibromo- or isodibromo -succinic acid by means of potadi. 

Diacetylenedicarboxylic Acid, COoH-C : C C : C COoH + HoO, turns dark red in 
the light and explodes at 177°. When reduced with sodmiii amalgam, it yields hydro - 
muconic acid. 

Tetracetylenedicarboxylic Acid, CO 2 H C: C-C: C-C ‘C-C: C-COoH, forms white 
crystals which blacken rapidly in the light and explode viol^^^tly on heating. 


C. TRIBASIC ACIDS 

These have usually been obtained sttiithetically and are not very stable 
since they readily ^dekl carbon dioxide and dibasic acids on beating ; their 
esters, however, exhibit increased stability'. Their piroperties and methods of 
preparation vary according as the carboxyl groupjs are united to one or to 
various carbon atoms. 

Of the many such acids knovm, the follovdng may be mentioned ; 

TRIG ARB ALLYLIC ACID (symin. ojctoj- Propanetricarboxylic or Pentanedioic- 3 - 
methyloic Acid), CH 2 -C 02 H, occui's m the deposits left on concentrating beet -sugar juices 

CH-CO 2 H 

I 

CHa CO2H 

in vacuo. Synthetically it is obtained by converting glycerol into the tribromoh^’-drin 
or allyl tribromide, which is treated with potassium cyanide to give the corresponding 
trioyano -compound, the latter being then hydrolysed to tricarballylic acid ; the con- 
stitution of the acid is thus proved. This acid forms white, prismatic crystals melting 
at 166°. ' It can also bo prepared by reduemg unsaturated tiicarboxylic acids {e,g, aeonitic 
acid). 

CO2H CO2H CO2H 

CAMPHORONIC ACID (aa/3-Trimethylcarballylic Acid), CHg-C C CHg 

CH3 CH3 

is formed on oxidising camphor, of which it serves to indicate the constitution ; it melts 
at 135°. 

ACONITIC ACID is an unsaturated tribasic acid of the constitution C 02 H-CH 2 - 
CCCOgH) : CH-COgH, and is found in beetroot, sugar-cane, Acomtnm napellus, &c. It is 
obtained synthetically by eliminating CO 2 from citric acid by the action of heat or of 
various reagents. It melts at 191°, losing CO 2 , and forming itaconic anhydride. It 
dissolves readily in water and with nascent hydrogen generates tricarballylic acid, its 
structure being indicated by this reaction. 


* 
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D. TETRABASIC ACIDS 

These are formed from ethyl sodiomalonate (see p. 309) by moans of an unsaturated 
ester, e.g. of fumaric acid. When heated, they lose COg, forming tnbasic and, better, 
dibasic acids. 

Olefinetetracarboxylic Acids are also knoTO. 


FF. DERIVATIVES OF THE ACIDS 

L HALOGEN DERIVATIVES 

One or more of the hydrogen atoms of an alkyl group united with carboxyl 
can be replaced by halogens, the carboxyl group being left intact. The 
halogen derivatives of the acids, thus obtained, are more markedly acid in 
character than the original substances. They are obtained by the action of 
chlorine or bromine in sunlight or, better, by heating the acid with the halogen 
in presence of a little water or sulphur. 

On the other hand, the hydrox^d of the carboxyl group can be replaced, 
forming acid halides : —CO —X (by treating the acid with phosphorus chloride 
or bromide). That the halogen has replaced the hydroxyl group is shown 
by the fact that these acid halides yield the original acids when treated with 
cold water, w^hilst halogens are not displaced from alkyl residues in this way. 
These acid chlorides and bromides readily give the monochloro- and mono- 
bromo- acids when treated further with chlorine or bromine. 

(a) HALOGENATED ACIDS 

When the carbon atom (a), to which the carboxyl group is attached, is 
not united directly with hydrogen [e g, in trimethylacetic acid, (^ 3 ) 30 - CO 2 H], 
bromine is not taken up (see p. 315). The constitution of a halogenated acid, 
or rather the position of the halogen atom, is deduced from that of the cor- 
responding hydroxy-acid (containing a hydroxyl group in place of the halogen) 
obtained by heating the halogenated acid with sodium carbonate solution or 
with water and lead oxide. 

On the other hand, the passage from hydroxy-acid to the corresponding 
halogenated acid can be effected by treatment with phosj>horus chloride or 
bromide. 

The acid character becomes more marked on passing from the iodo- to the 
bromo- and then to the chloro -compounds and also increases with the number 
of halogen atoms in the molecule. 

While the a-halogenated acids readily yield the corresponding hydroxy- 
acids, the ) 3 “acids yield the corresponding unsaturated acids (see p. 292) and 
may even lose COg, giving unsaturated hydrocarbons. But the y-halogenated 
acids, w^hen heated with sodium carbonate solution or with water alone, give 
up a molecule of halogen hydracid and yield, not the unsaturated acids, but 
lactones (see |). 295). 

When halogenated acids are prepared by the interaction of an unsaturated 
acid vdth a halogen hydracid (e g. HI), the halogen becomes attached to the 
least hydrogenated carbon atom (see p. 96). Thus, with a A^'^-acid, where 
the double linking is between the a- and / 3 -carboh atoms, the halogen unites 
with the latter. 

The halogenated and poly-halogenated acids exhibit isomerism, since the 
halogen atom may be joined to the a, /3, y, &c., carbon atom, or several halogen 
atoms may be united vith one and the same carbon atom or with different 
ones. 



A C I D H A L I D E S 317 

When heated with potassium c^'anide, the mono-haloid acids yield cycuio 
acids : 

CH^Cl-COOK + KCX = KCl + CX-GH^-COOK. 

Potassium chloroacetato Potas'sium cyanoacetate 

With sodium sulphite they give dibasic sulpho-acids, the sulphonic group 
of which is readily replaced by hydroxyl by boiling with alkali : 

ISTa^SOs + Cl-CH.-COONa = NaCi + SOaNa-CHa-COONa, 

Sodium sulphoacetate 

With reference to the affinities of the halogenated acids^ see Xote on p. 268. 

MONOCHLORACETIC ACID (Chlorethanoic Acid), CHaCI-COOH, is prepared by 
the general method, that is, passmg dry chlorine into hot acetic acid in presence of 
acetic anhydride, phosphorus, or sulphur. It forms rhombic crystals which corrode 
the flesh and melt at 62° ; on solidification an unstable modification is obtained which, 
for some time, melts at 52° ; it boils at 1S6°. When heated with water or alkali it gives 
Hydroxyacetic Acid (glycolUc acid), 0 H-CH 2 -C 02 H; with ammonia it yields Amino- 
acetic Acid {glycine OT glycocoll), XHo-GHa *00211. 

The properties of the other halogenated acids are given in the Table on 
the next page. 

(6) ACID HALIDES 

Of these compounds the most important are the chlorides of the acid 
radicals, which are termed acicJilorides or chloranliydrides. Although acetyl 
chloride, CHg-CO-Cl, is readily obtainable, it has not been found possible to 
pve-psbTe formyl chloride, H • CO * Cl, a mixture of CO +HC1 being always obtained. 

These compounds are usually colourless liquids wliich have pungent odours 
and fume strongly in the air, the moisture in the latter liberating hydrogen 
chloride. Their boiling-points are below those of the corresponding acids, 
and they distil without decomposing ; the higher members are, however, solid 
and do not distil unchanged even in a vacuum. 

The principal methods for preparing these substances are as follows : 

{a) The organic acid is heated for a short time on the water-bath 
with PCI5 (with higher acids), PCI3 (with acids below C^o) or, in some cases, 
sulphury! chloride, SO2CI2 : 

CiiH23*CO-OH + PCI5 == CiiH 23-CO-C1 + HCl + POCI3, 

Laurie acid 

the phosphorus oxychloride and hydrochloric acid being eliminated by 
distillation in vacuo ; or, 

SCHs-CO-OH 2PCI3 = SCHg-CO-Cl + SHCl + P2O3, 

the acetyl chloride thus formed being separated b}^ distillation, the P2O3 
being left in the residue. 

(6) With thionyl chloride the acids yield the chloranhydrides, the other 
products formed at the same time being volatile and hence easily removable : 
X-CO-OH -b SOCI2 = X-C0*C1 + HCl + SOg. 

(c) In some cases the acid is treated simply with HCl in presence of a 
dehydrating agent, (PgO^) : CHg-CO-OH + HCl = H^O + CHg-CO-CL 

CHEMICAL PROPERTIES. The great reactivity of the chlorine atom 
of these substances renders them of considerable importance in chemical 
syntheses. Water, ammonia (amines), and alcohols decompose them in the 
cold with great violence ; 

CHg-CO-Cl + H2O = HCl + CH3-C0-0H 

CH3-C0-C1 + NH3 = HCl + CHg-CO-NHg (acetamide) 
CHs-CO’Cl + OsHg-OH == HCl + (ethyl acetate). 



HALOGEN DERIVATIVES OP THE SATURATED MONOBASIC ACIDS 


318 


ORGANIC CHEMISTRY 




With organic salts the}" yield anhydrides : 

CH3*CO-Ci + CHg-CO-ONa = XaCl + CH^-CO-O-CO-CH.. 

Sodium amalgam reduces them to aldehydes and then to alcohols. 

ACETYL CHLORIDE (Ethanoyl Chloride), CHg-CO-C!, is a liquid boiling at 51° 
and having the sp. gr. 1-105 at 20°. It is prepared by mixing 5 parts of glacial acetic 
acid and 4 parts of phosphorus trichloride in the cold, heating for a short time at 40° 
and, after evolution of HCl ceases, distilling the acetyl chloride and purifying it by recti- 
fication. Water decomposes it with development of heat. 

It is employed in organic synthesis, since it readily yields acetyl derivatives of alcohols 
and of primary and secondar}^ amines. 

The commercial product costs 35. to 4s. per kilo, and the chemically pure 14s. 

The boiling-points of the Ingher homologues of acetyl chloride rise with the molecular 
weight and, with isomerides, that wnth the normal constitution has the highest boiling- 
point ; the specific gravity diminishes as the molecular weight increases. 

Acetyl iodide bods at 108°, propionyl chloride at 108° (the bromide at 104° and the 
iodide at 127°) ; norynal hutyryl chloride boils at 101° (the bromide at 128° and the iodide 
at 146°) and isohutyryl chloride at 92° (the bromide at 116°) ; isovaleryl chloride boils at 
114°(the bromide at 143° and the iodide at 168°) and trimethylacetyl chloride^ (CHglgC* CO • Cl, 
at 105°. 


IL ANHYDRIDES 

The anhydrides of orgamc acids were discovered by C. Gerhardt in 1851 
and correspond with those of the inorganic acids, that is, they may be regarded 
as products of the condensation of 2 mols. of acid with expulsion of 1 mol. 
of water. And here also, the organic anhydrides, when they are at all soluble, 
take up water and regenerate the acids. Whth organic acids, however, more 
varied and interesting eases are presented, since 2 mols. of different acids 
can condense {mixed anhydrides), w^hile internal anhydrides can be formed by 
condensation between the two carboxyl groups of a dibasic acid. 

The anhydrides may be regarded also as oxides of acid radicals, e.g. acetic 

anhydiide, q^^.qq^O, or acetyl oxide, (CH3-C0)20. 

PROPERTIES. The first members of the series are liquid, the higher ones 
solid ; they generally dissolve but slightly in water, their transformation into 
acids being very slow. They have a neutral reaction and are soluble in ether 
and often in alcohol. 

With ammonia and the primary and secondary" amines, they^ form amides 
and ammoniacal salts : (CHgCO^O + 2NH3 = CHg-CO-NH^ (acetamide) 
+ CH3*CO-ONH4 (ammonium acetate). 

When heated with an alcohol, they" give the corresponding ester and acid : 

(CH3C0)20 + = CHs-COOCaHs + CHa-COOH. 

With halogen hydracids in the hot they y"ield the halides of the acids and 
the free acids : (CH3C0)20 + HCl = CHs-CO-Cl + CH3-COOH. 

Aldehydes combine vdth anhy^drides, forming esters, while sodium amalgam 
reduces anhy-drides to aldehydes and alcohols. 

GENERAL METHODS OF PREPARATION, {a) By the action of acid 
chlorides on the dry alkali salts of the corresponding acids : 

CHg-CO-a 4- CHs-COONa = NaCI + 

{b) The same result is obtained by the action of phosphorus oxychloride 
(or phosgene COOI2) on a mixture of the alkali and alkaline-earth salts of 
the corresponding acid, the acid chloride being formed as an intermediate 
product. 
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(c) The higher anhydrides are obtained from the corresponding acids by 
the action of acetyl chloride : 

CH3-COC1 + 2X-COOH -= HCl + CHs-COOH + (X-C0),0. 

(d) The formation of anhydrides from the acids by the subtraction of 
water (by means of P 2 O 5 ) gives low yields, the best being obtained with 
palmitic and stearic acids (using acetic anhydride in the hot as dehydrating 
agent). 

The properties of the best-known anhydiides are given in the following 
Table : 


Formula 

Name 

1 Melting- 
' point 

Boiliiig-pomt 

Specific giavity 

(CHs-COj^O 

Acetic anh3"dride 



136*5° 

1*078 (at 21°) 

(CoHs-CObO 

Propionic anbj’dride 

— 

168 6° 

1-034 (at 0°) 

{C3H7.C0)20 

norm. Butjiric anhj^dride 

— 

192° 

0*978 (at 12*5°) 

55 

Iso butyric anhj^dride 

— 

o 

00 

0 958 (at 16-5°) 

(QHg. 00)^0 

Isovaleric anhy^dride 

— 

215° 

— 

55 

Trimetbylacetic anhydride 

— 

190° 

— 

(CaHu- 00)20 

norm. Caproic anhydride 

— 

242° 

0 928 (at 17°) 

(CeHia- 00)20 

CEnanthic anhy'dride 

+ 17° 

257° 

0*912 (at 17°) 

(OjHia. 00)20 

Caprylic anhydride 

-1° 

186° (15 mm.) 

— 

{OgHij. 00)20 

Pelargonic anhydride 

+ 16° 

207° 

— 

(OiiHas- 00)20 

Laurie anhy^dride . 

+ 41°* 

166° (vacuum) 

— 

(OisHaj- 00)20 

Myristic anhydride 

+ 51° 

198° 

— 

(CVaHai- 00)20 

Palmitic anhy’dride 

55°-66° 

— 

— 

(0.7^35 * CD)20 

Stearic anhydride . 

72° 

— 

— 


ACETIC ANHYDRIDE (Ethanoic Anhydride), (CHa-COjaO, is of some importance 
industrially owmg to its formation of acetyl derivatives with alcohols or with primary 
or secondary amines. It is a suitable reagent for determining how many hydroxyl groups 
an organic substance contains {see Acetyl Number, p. 189), It is a colourle&s, very mobile 
liquid, sp. gr. 1*078 at 21°, b.pt. 136*5°, and has a pungent odour. 

It is prepared by dropping 5 parts of acetyl chloride on to 7 parts of dry powdered 
sodium acetate, which is kept cool meanwhile. The mixture is subsequently gently heated 
for a short time and the anhydride then distilled off on a sand-bath. It is purified by 
redistiUation in presence of a little anhydrous sodium acetate, the portion boiling at 
the correct temperature being collected. It is also prepared industrially by method {h) 
given above (Ger. Pats. 161,882 ,* also 132,605 and 146,690). 

Commercial acetic anhydride costs about £18 per quintal, and the highly purified 
product (puriss.) £24. 

The anhydrides of di- and foly-hasic adds are not of great importance and are con- 
sidered to some extent in dealing with the corresponding acids (succinic, pyrocmchomc, 
&c.) ; with water they yield the acids with moderate readiness {see pp, 305 and 314). 

III. HYDROXY-ACIDS 

A. SATURATED DIVALENT MONOBASIC ACIDS 

These may be regarded as derived from monobasic acids by the substitu- 
tion of an atom of hydrogen (not that of the carboxyl group) by a hydroxyl 
group. These acids possess, at the same time, acidic and alcoholic characters 
and are hence termed divalent monobasic acids or divalent alcohol acids. The 
hydroxyl and the carboxyl groups may be substituted at the same time, the 
compounds then exhibiting the general properties of the acids and alcohols, 
in addition to new and special characters varying with the position occupied 
by the carboxyl relatively to the hydroxyl {see pp. 295 and 297 ). 
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They are usually syrups rrhich may undergo ciystallisation ; in comparison 
with the corresponding fatty acids, the hydroxy-acids are more soluble in 
\^ater and in alcohol, but less soluble in ether. They do not distil unchanged 
and often lose water, forming anhydrides. 

GENERAL METHODS OF PREPARATION, {a) By oxichsiiig dihydric 
alcohols so as to transform the primary alcoholic grouj^ into carboxyl. 

(6) By boiling unsaturated acids with sodium hydi'oxide, so that a mole- 
cule of water is added at the double bond. 

(c) By substituting the halogen of a monohalogenated monobasic acid by 
hydroxyl ; this is effected hy treatment \\ith KOH or with silver acetate, 
the diacetate formed in the latter case being hy^drolysed by heating vith 
sodium carbonate : 

CH^Ci-COOH + H^O = OH-CHa-CO^H + HCl. 

Monochloracetic aeid Glycollic acid 

(d) a-Hydroxy-acids are obtained by hydrolysing the nitriles formed on 
treating the aldehydes or ketones (ha\dng one atom of carbon less) with 
hydrocyanic acid : 

+ 2H3O = NH3 + CH3-CH(0H)-C00H. 

EtlaxdidenecyaiioIiydrLii 

Glycolcvaiiohydrin, OH • CH2 ‘ yields ethylenelactie aeid, 

OH-CKj-CHa-COOH. 

(e) Hy the action of nitrous acid on amino-acids ; 

COOH-CHa-jSTHa + NO -OH = HjO -j- N, COOH-CHa-OH 

GlycocoU 

( f ) By reducing aldehj'dic or ketonic acids : 

CHs-CO-COOH -h Ha = CH3-CH(OH)-COOH. 

Pyru.\ 1C acid Xactic acid 


(g) B}^ oxidation of acids containing a tertiary carbon atom, ^CH*COOH, 
with permanganate. 

PROPERTIES AND CONSTITUTION. The constitutions of these acids 
can ahvays be deduced from the s;}mtheses indicated above. That they con- 
tain an alcoholic group is shown by the fact that the hydroxylic h 3 ’'drogeii 
can foe replaced by an alk^d group, giving true non-hijdrolijsahU ethers. 
Similarly the presence of a carboxyl group is shown by the^ formation of 
hydfolyscible esters. The isomerism exhibited is the same as with the haloid 
derivatives of the acids. 

The number of alcoholic h^-drox^d groups is determined by the acetyl 
number {see p. 189). The reactivity, w^hich corresponds with the dissociation 
constant, increases with the proximity of the h^xlrox^i to the carbox^i group. 

a-, /3-, y-, and g-h^xlroxy-acids are distinguished also by the products 
resulting from the elimination of one or more molecules of wnter. 

Thus, a-h^'droxy-acids, when heated, lose 2 inols. of H 2 O per 2 mols^ 
of acid, the hydroxyl group of the one reacting with the carboxyl group of 
the other ; the compound formed is called a lactide and is a double ester, 
w^hich fields the acid again on hydrolysis with hot water or dilute acid : 


C00H*CH(0H)-CH3 

CH3-CH(0H)*C00H 


CO -OH* OH, 


2H20 -h 


CH- 


i i 

.-in-i 


iO 


Xaetide 


n 


2 mols. Lactic acid 


21 
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Further, a-hydroxy-acids, if heated with sulphuric acid, ^ueld the aldehj^des 
or ketones from which they can oiiginate {see above), formic acid being also 
formed. 

The /3-acids, however, lose only 1 mol. of water, giving iinsatiirated acids 
{see p. 292), while, when boiled with 10 per cent* potassium Iiydi’oxxde solution, 
they give at the same time cd/3- and ay- unsaturated acids — a reversible reaction 
leading to a position of chemical equilibrium ; when heated with sulphuric 
acid they form acids of the acrylic series* 

The y- and 8-acids lose 1 mol. of water, ^delding lactones (internal 
anhydrides) : 

OH • CH^ • CH2 * CH^ • COOH = H.O + CH^ • CH^ • CH2 • CO 

■yllydioxybiityiic acid I 1 


Butj lolactone 


o 


which are almost always formed -when attempts are made to liberate these 
hydroxy-acids from their salts. The lactones are neutral liquids soluble in 
•water, alcohol, and ether ; they distil unchanged and with alkali form the 
salts of the corresponding h^vlroxy-acids. 

When the hydroxy-acids are heated with sulphuric acid, they furnish the 
corresponding fatty acids. 


GLYCOLLIC ACID (Hydroxyacetic or Ethanoloic Acid), OH-CH^-COOH, crystal- 
lises in needles or plates melting at 80°, and is soluble in -water, alcohol, or ether. In 
nature it is found in imniatui’c eggs and in the leaves of the wild vine. 

It can be obtained by the general methods given above and also by oxidising alcoliol 
or glycol with dilute nitric acid or by reducing oxalic acid with nascent hydrogen. It is 
usually prepared by hydrolj-sing monocbloracetic acid with KOI! [general method (r)]. 

Of some interest is the formation of the various anlujdndes of glycollic acid, these 
being formed by the removal of 1 mol. of HoO from two mols. of the acid as follows : 

(1) From the two alcohol groups, gmng a true ether with two free acid groups, 
CHo-COOH 


0 


"^CHo-COOH’ 


diglycollic acid, m.pt. 148° ; (2) from the two carboxyl groups ; this 


OPT pTT Of) 

should give tlie anhydride of ghjcuUic acid, oh'oh!-CO^®’ faiowi ; 

(3) from 0110 alooliol and one acid group, giving a true osier, glucolglucvllic add, 
OH *0111-00 ^ f 

COOH-CHo^^* 2H2O from the two alcoholic and acidic groups gives either 


(1) Diglycollio anhydride (anhydride and ether at the same time), 

(meltmg at 97° and boiling at 240°), or, when each molecule of water separates from 1 


aloohoKc and 1 acidic group, (2) the isomeric glyaoUide, 0<qq^q^> 0. melting at 86°. 

Glyoolhc acid forms a calcium salt, {0H.CH2.C00)2Ca + SHaO, insoluble in water. 
The most important derivative of glycolhc acid is 

GLYCOCOLL (Glycine or Aminoacetic or Aminoethanoic Acid), COOH^CHs NHo, 
which is the first member of the amino-acid senes so important to vogetablo phys"iology. 
It is obtained, together with secondary products, by the action of oonoontrated 
ammonia solution on monocbloracetic acid : 


CHaCl-COOH -t- 2NH3 = NH4CI + NH2 ■ CHg ■ COOH. 

It is alwaj's formed in the decomposition of hippuric acid (benzojdglyooooll) with HCI, 
or by the action of acid or alkali on gelatme. ’ 

It can also be obtained by the reduction of ethyl cyanocarboxylato by means of nascent 
hydrogen or from cyanogen and boiling hydnodic acid. 

Its homologues are prepared syntheticaUy in various ways, e.g. by treating aldehyde- 

ammonias with hydrocyanic acidandhydrolj'singtheamino-eyaiiidesthus obtained withHCl. 

Glycoooll orystalhses in rhombic columns soluble in 4 parts of water but insoluble 
in alcohol or ether ; it has a sweetish taste and melts and decomposes at 230°. 
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The fact that the amino-group cannot be expelled hj hydrolysis 
establishes the structure of glyeocolL It behaves as both acid and 
base, forming salts with acids and also with bases. Its copper salt 
separates in large, dark blue needles on dissolving cupric oxide in hot glycocoll 
solution : {C2Hj:02N)2Cii + H 2 O. With ferric chloride it gives an intense 
red coloration. When heated with baiwda, it loses forming methyl- 
amine ; with nitrous acid it gives glycollic acid. 

Various alkyl and other derivatives have been obtained synthetically from 
glycocoll : 

CHo • NH • COCH3 CH. • iSlH • CH3 CHo— 

i “ ; r ; f I 

COOH COOH CO — 0 

Acctuno acid Saicosine Betaine 

(derived from caffeine and fiom creatme) (from the beet) 


With nitrous acid, the esters of gtycocoll peld ETHYL DIAZO ACETATE, 

N\ 

NHa-CHo-COO-CoHs + HNO, = 2HoO + || ^CH-COOCgHs, wiiich is a 


yellow oil boiling at 141° and readily decomposes and reacts with evolution 
of nitrogen ; it serves for the synthesis of pju’azole. 


LACTIC ACIDS, 0H-C2H4-C02H 

The two structural isomerkles foreseen by theory are knowm : a- and 
-hydroxy propionic acids. Also the a-acid exists in two stereoisomeric 
forms (I = laevo- and d = dextro-rotatory) owing to the presence of an 
asymmetric carbon atom (p, 18) and in an inactive form {i = inactive), con- 
sisting of a mixture in equal iiroportions of the tw'o stereoisomerides These 
lactic acids form anhydrides similar to those of glycollic acid (see above). 

The lactic acids give Uffelman’s reaction, that is, they cause the amethyst- 
coloured solution obtained on adding a drop of ferric chloride to a dilute 
salicylic acid solution to turn yellow ; this reaction is also given by citric, 
oxalic, and the tartaric acids. 

(1) ^-ETHYLIDENELACTIC ACID {l + d) (2-Propanoloic or a-Hydroxy- 
propionic Acid or Ordinary Lactic Acid of Fermentation) , CH 3 'CH(OH)-COOH, 
is found in milk rendered acid by the action of the lactic acid bacillus {sec 
Tig. 114, p. 122), in milk-sugar (also cane- and grape-sugars, gum, starch, &c.) 
which undergoes acid fermentation {lactic fermentation) even in absence of 
air, although oxygen facilitates the change. Cabbage fermented with vinegar 
and salt (Sauerkraut), gastric juice, putrefied cheese, fresh fodder siloed, and 
fermented muscular juices and the brain^ also contain free lactic acid. 

When pure it melts at 18° and boils at 120° under 12 mm. pressure, but 
usually it forms a dense syrup soluble in water, alcohol, or ether. It is opti- 
cally inactive, as it consists of a racemic mixture of dextro- and Isevo-acids 
{sec pp. 19 and 20). The two modifications can be separated by crystallisation 

^ It appears now to he proved that the lactic acid in the human organism is formed in proportion to the 
-muscular and cerebral work, and, together with carbon dioxide, which is also a waste product of the cells of 
the organism during wakefulness, produces sle&p. While we sleep, the blood carries off these waste products more 
easily, the cells then recovering their function and their sensibility. The connection between sleep and fatigue is 
well known and is shown not only by the fact that after great muscular or cerebral fatigue sleep is more profound, 
but by the results of the following experiment : if the blood of a very tired dog is injected into the veins of anothac 
dog in a normal state, this dog soon exhibits signs of great fatigue and goes to sleep ; these results are not observed 
if the blood injected is that of a non-fatigued dog. During heavy muscular labour, the air expired contains more 
CO2 than in a state of repose and more still than during sleep. The carbon dioxide diminishes the oxygen so 
much needed by the muscles and brain, so that the activity of these remains depressed. As is weU known, lactic 
’acid has a depressing action on the nervous cells, injection of the acid into the veins of any person inducing symp- 
toms of fatigue and sleepiness and finally sleep. Ttie contmuance of sleep is due to the fact that the blood 
flows more slowly to the brain, to which it hence carries less oxygen. It appears, indeed, to be proved that jn 
general five or six hours’ sleep— very deep for two hours — ^is sufficient for the Mood to wash away these waste 
products of active cefiular work and to restore activity to all the cerebral centres. 
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of the strychnine salts or by cultivating in the solution Penicillium glaucum, 
which first destroys the laevo-acid {see p. 22). When heated, the active acid 
is transformed, to the extent of one-half, into the optical enantioniorph, so 
that the inactive racemic acid is obtained. If kept in a desiccator, it is partly 
converted into anhydride owing to loss of water. When distilled under reduced 
pressure, it yields water, carbon dioxide and lactide {see above). If heated 
with dilute sulphuric acid it decomposes, like many other a -hydroxy -acids, 
into acetaldehyde and formic acid. 

PREPARATION. Various processes have been tried for the preparation of lactic acid. 
Por instance, 3 kdos of cane-sugar and 15 grms. of tartaric acid are dissolved in 13 litres of 
boiling water. In a few days’ time, after the cane-sugar has been converted into glucose 
and levulose, 4 litres of acid milk and 100 grms. of putrefied cheese (also 1*5 kilo of zinc 
carbonate to fix the lactic acid, w^hich otherwise would arrest the lactic fermentation) are 
added and the mixture left for a week at a temperature of 40° to 45°, by which means 
the production of lactic acid is obtained. The acid separates as zinc lactate in 

crystalline crusts which, after purification (by recrystallisation), are suspended in water 
and decomposed with HgS in order to remove the zinc as insoluble sulphide. The filtered 
liquid is concentrated to a syrupy consistency and then extracted with ether, which does 
not dissolve the impurities (zinc salts, mannitol, &;c.) ; on evaporation of the ether, pure 
syrupy lactic acid is obtained.^ Besides the decomposition of the sugar, various secondary 
reactions always accompany lactic fermentation, and the yield of the acid is scarcely 
20 per cent, of the weight of the sugar taken. 

A better yield is, however, obtamed by Larrieu’s process (Pr. Pat. 206,506), which con- 
sists in treating, say, 900 kilos of starch with 100 kilos of malt and with hot water to bring 
the temperature to 50°, this bemg finally raised to 75°, the mass being continually stirred. 
Half a kilo of ammonium nitrate is next added to the vat and then the lactic ferment, the 
temperature being maintained at 50° to 60° for 20 to 30 days, and the acid formed being 
gradually half saturated with soda. The mass is ultimately filtered and the liquid con- 
centrated to a sp. gr, of 1*21 (25° Be.), mixed with 500 kilos of powdered calcium carbonate 
and filtered. The solution of calcium lactate is decomposed with the calculated quantity of 
sulphuric acid, the calcium sulphate being removed by filtration and the aqueous lactic 
acid evaporated to a s^Tupy consistency. 

Jacquemin prepares the acid from worts similar to those employed in breweries (barley 
mashed at 50° with malt, then boiled to destroy the diastase and cooled to 45°) by the 
addition of pure lactic ferment and calcium carbonate. After 5 to 6 days, the mash is 
filtered and concentrated, the calcium lactate bemg then decomposed in the usual way with 
sulphuric acid. 

Dreher works in a similar manner, but with glucose solutions containing 1 per cent, of 
nutrient substances for the ferment {e,g, sodium phosphate, nitre, salt, &;c.). 

Industrially, however, lactic acid is now always obtained from milk residues {wTiey 
or molasses of milk-sugar, which remain after the removal of the butter from the milk 
in the separator ; also cheese by coagulation with rennet m the hot). The whey is con- 
centrated in open vessels or, better, in vacuum pans, to 16° Be., and is then introduced 
into wooden vessels in which, at a temperature of 40°, the lactic ferment is added in the 
form either of part of the liquid from a previous fermentation or of putrefied cheese. 
Powdered chalk is added to neutralise the acid formed, the liquid being stirred from time 
to time and the fermentation allowed to continue for 10 to 12 days. After decantation, 
the calcium lactate is decomposed with dilute sulphuric acid, the liquid mass being well 
mixed. In some cases, before the calcium lactate is decomposed, it is separated by con- 
centrating the solution, and is recrystaUised from a Httle hot water, which should dissolve 
20 per cent, of it. The calcium sifiphate formed is removed by passing the mass through 

1 Xiliani treats 500 gnus, of inverted sugar with 260 grms. of water and 16 grms. of sulphuric acid at 50® to 60® 
for 2 hours, and then adds gradually 400 c.c. of concentrated caustic soda solution (1 : 1), the iKiuid being kept 
boiJmg meanwhile. 

The soda is subsequently neutralised with 50 per cent, sulphuric acid and the solution left for 24 hours to 
deposit crystalline sodium sulphate. The lactic acid is extracted with alcohol— which does not dissolve the sul- 
phate— the alcohol being recovered by distillation. The crude lactic acid remaining is diluted, saturated with 
isinc carbonate and evaporated ; the zme lactate is then allowed to separate and is filtered off, redissolved m hot 
water and decomposed with HaS. After filtration, the ixqmd is concentrated %n mcuo, pure lactic acid being thus 
obtained. 
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a filter-press (see figure in the section on Sugar) and the clear lactic acid solution con- 
centrated m a double- or triple-effect apparatus until it attains a concentration of 50 per 
cent. The further small quantity of gypsum vrhieh is then deposited is separated by 
filtration, the resulting yellowish brown liquid representing commercial, crude, 50 per cent, 
(by wnight) lactic acid. This should not contain more than 1*5 per cent, of ash, and 
should not contain sulphate or reduce Feliling’s solution. 

The lactic acid prepared from the molasses of milk-sugar factories is more impure than 
the above. 

According to a patent filed in 1 905. lactic acid is also obtained from a mixture of bran 
and barley^ and an English patent (Xo. 26,415, 1907) describes the preparation of pure, 
concentrated lactic acid by the distillation of the commercial 50 per cent, acid in a rapid 
current of air or of an indifferent gas. 

Very pwre lactic acid is obtained by extracting the crude product with amyl alcohol — 
which does not dissolve the impurities (sugar, gum, mineral substances) — and distilling 
in vacuo. The impurities are estimated by titrating the acid with normal caustic potash 
solution in presence of phenolphthalein. 

USES AND PRICE. Until a few’ years ago the uses of lactic acid w’ere limited to the 
preparation of soluble lactates for medicinal purposes, but its manufacture has recently 
been considerably extended owing to its emplopnent in the dyeing of w’ool, silk, &c., 
in place of tartaric acid, tartar and oxalic acid, for the reduction of the chromium com- 
pounds W’ith which wool to be treated with fast dyes (alizarin dyes, &c.) is mordanted. 
For the same reasons it is advantageously employed in the clirome tannmg of skins, its 
value in this case being sometimes regarded as due to its ability to keep calcium salts in 
solution and thus prevent the tormation of certain harmful deposits. The crude 50 per 
cent, acid is most commonly sold, and it is necessary to ascertain whether by 50 per cent. 
IS meant 50 kilos per 100 litres or per 100 kilos of solution ; m the former case the strength 
of the acid is only 43 per cent, by weight (/ e. 100 kilos contain 43 kilos of acid). 

Commercial, brown, 50 per cent, lactic acid costs about C4s. per quintal ; the paler, 
yellow” product of the same strength, 1056. ; the pure (sp. gr. 1*21), 35. 7d. per kilo, and 
the chemically pure 125. per kilo. Italy imported the following quantities of pure lactic 
acid at 1045. per quintal : 996 quintals in 1907 ; 650 in 1908 ; 520 in 1909 ; and 490 in 
1910, when the amount exported was 51 quintals. The import duty in Italy is 125. per 
quintal. 

Salts of Lactic Acid are generally soluble to some extent in water. Calcium 
lactate^ (CsH503)2Ca + forms mammillary aggregates of white needles soluble in 

9*5 parts of cold water, and in all proportions in hot W’ater ; it is insoluble in cold alcohol. 
The W’ater of crystallisation is evolved in a vacuum desiccator or on heating to 100°. 
At 250° it loses H2O, giving calcium dilactate, w’hich is less soluble in alcohol than the 
original salt. Zinc lactate smd ferrous lactate crystallise w’ith SHoO, the latter in yeUowdsh 
crystals ; both are used in medicine. 

ALANINE, CH3*CH(NH2) -COOH, is obtained from the corresponding aldehyde- 
ammonia by the action of hydrocyanic acid. From the mactive, synthetical compound, 
the active stereoisomerides are separated by means of the strychnine or brucine salts. 
The action of PCI5 exi^els both the hydroxyl- and the amino -groups, giving lactyl chloride, 
CH3 ■ CHCl • COCl; W’hich gives a-ehlorpropionic acid, CH3 • CHCl ■ COOH, when treated with 
water. 

(2) d-ETHYLIDENELACTIC ACID (Paralactic or Sarcolactic Acid) differs from 
ordinary lactic acid only in the greater solubility of its zinc salt ( -f 2H2O), and the less 
solubility of its calcium salt ( + 4H2O). It is found in Liebig’s extract of meat, and it is 
contained in the muscular juices, and is also formed m certain lactic fermentations. 

(3) Z-ETHYLIDENELACTIC ACID is formed during the fermentation of aqueous cane- 
sugar solutions by Bacillus acidi hevolactici. 

(4) ETHYLENELACTIC ACID (Hydracrylic, /3 -Hy dr oxyprop ionic or 3-Propanoloic 
Acid) , OH • CH2 • CH2 • COOH , differs from its isomerides in that, when heated, it loses a mole- 
cule of water, giving, not the anhydride, but acrylic acid, CHg : GH- CO2H. Further, with 
oxidising agents it gives, not^acetic acid, but oxalic acid and carbon dioxide. It con- 
tains no asymmetric carbon atom and is hence optically inactive. It can be prepared 
synthetically from (1) /3-iodopropionie acid, or (2) ethylene, CH2 : CH2, by addition of 
bypochlorous acid, giving OH-CHg-CH^Qj^^which is then converted into the nitrile 
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0H-CH2*CE2-^'^^ liycli‘i)i3’c,is of the latter giving ethylenelactic acid. The acid is a 
colourless, syrupy liquid and forms a calcium salt ( + 2H2O) and a readily soluble zinc 
salt { + 4H2O). 


HYDROXYBUTYRIC ACIDS, OH-CsHe-COaH 

Eive isomerides are theoretically possible, four being knovni : two a~acids, one j3-acid, 
and one y-acid (prepared only as salts). 

a-HYDROXYBUTYRIC ACID,CH3*CH2 CH(OH) COgH, melts at 43*^ and is syn- 
thesised as the inactive, racemic form, which can be resolved into its active components 
bv means of brucine (see p. 22). 

a-HYDROXYISOBUTYRIC ACID (Acetonic or 2-Methyl-2-propanoloic Acid), 
OHC(CH3)2 *COoH, molts at 79°, boils at 212°, and is obtamable by various synthetical 
methods from diniethylacetic acid, acetocyanohydrin, a-ammobut3Tic acid, &c. 

/j-HYDROXYBUTYRIC ACID, CH3 CH(OH)-CH2 CO2H, is obtained by oxidising 
aldol or reducing acetoacetio acid, these methods of formation indicating its constitution. 
It forms a sjTup and its laevo-isomeride is found in the blood and in diabetic urine. 

HIGHER HYDROXY-ACIDS 

a-HYDROXYVALERIC ACID, CH3-CH2-CH2-CH(OH) CO2H, melts at 29°. 
a-HYDROXYISOVALERIC ACID, (CH3)2CH-CH(0H)-C02H, melts at 86°. 

METHYLETHYLGLYCOLLIC ACID, melts at 68°. 

L.2rl5 L.U 2 XI 

ci-HYDROXYCAPROIC ACID (Leucinic Acid), CH3-[CH2]3'CH(OH) -COsH, molts 
at 73° and is obtained from leucine (see later), 

a-HYDROXYMYRISTIC ACID, CHg- [CHaJn •CH(OH) -COsH, melts at 51°. 
a-HYDROXYPALMITIC ACID, CH3. [CH2]i3*CH(OH) -COgH, melts at 82°. 
ct-HYDROXYSTEARIC ACID, CHs-ECHsJis CH(OH) -COaH, melts at 84° to 86°, 
and is formed by the action of cold concentrated sulphuric acid on oleic acid, this method 
being sometimes used practically to prepare solid fatty acids from liquid oleic acid (see 
section on Fats). 

The Sulphuric Ether of a-Hydroxystearic Acid, Ci8H3502(0S03H), is used in the 
dyeing of cotton with Turkey-red (see below). 

Various other /3-liydrosystearic and dihydroxystearic acids, with melting-points higher 
than those of the liquid fatty acids which yield them, are also known. 

B. MONOBASIC UNSATURATED HYDROXY-ACIDS 

The a-Hydroxyolefinecarboxylic Acids are prepared by hydrolysing, with BCl in the 
cold, the nitriles obtained by the addition of hydrogen cyanide to olcfinic aldehydes. 
If the double linking (A) is in the /3y-po&ition, these hydroxy-acids are converted into 
y-ketocarboxylic acids when boiled with dilute HCl ; thus, ct -hydroxypentenoic acid, 
CH3 - CH : CH • CH(OH) • CO2H, yields levulinic acid, CH3 • CO • CHg • CH^ • COoH. 

Several /3-HydroxyolefirLecarboxylic Acids are known. The most simple is 
fi-hydroxyacrylic ox formylacetic acid, COaH-CH : CH-OH, which, like the others, readily 
forms esters and halogen derivatives. 

y- and S-Hydroxyolefinecarboxylic Acids are knowm mostly in the form of lactones 
[see pp. 295 and 322). 

RICINOLEIC ACID (Hydroxyoleic Acid), CigHsiOg, or CHg- [CH2]6-CH(OH) CHs* 
CH : CH - [CH2]7’C02H, constitutes, in the form of glyceride, the greater proportion of 
castor oil, and, on dry distillation under reduced pressure, decomposes into oenanthal- 
dehyde, C7H14O, and undecylenic acid, C11H20O2. It solidifies at — 6° and melts at 
+ 4°. It forms lead and barium salts soluble in ether, and, when fused with KOH, yields 
sebacic acid, C8Hi6(C02H)2, and sec, octyl alcohol. It forms a solid bromide and an oily 
ozonide (by the addition of ozone) which decomposes, giving, among other products, a 
large proportion of azelaic acid (Molinari and Caldana, 1909), the position of the double 
linking — established by Goldsobel (1894) by means of ricinostearohe acid — being thus 
confirmed. By nitrous acid it is transformed into the isomeric ricinelaidinic acid, melting 
at 53% By decomposing the ozonide of methyl ricinoleate, Haller and Brocket (1910) 
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obtained ^^-liijclroxijpelargonic acid, CHg- azelaic acid and the 
corresponding senii-aldehyded 

By treating castor oil slowly with cold, concentrated sulphuric acid, ricimsidphuric 
acid IS obtained, tins being the most important constituent of Turkey-red oil, which is 
used in large quantities in the dyemg and printing of cotton textiles with alizarin red 
{Adrianople red)r It is also used for greasing wool to be simn and for dressing textiles. 

The treatment of castor oil with concentrated sulphuric acid yields ricinoleic acid 
more or less polymerised or condensed into anhydrides, glyeeroLsulphuric esters of ricinoleic 
acid and a preponderating proportion of ricinosulphuric acid, which is an ester of sulphuric 
acid soluble in water : CjsHgsOg-OH + HsSO^ = H2O + C2sH3302-0-S03H. This acid 

^ Ricinoleic Acid was prepared pure by Krafft (ISSS) by hydrolysing castor oil, the fatty acids thus obtained 
being cooled at 0° and the solid acids sepaiated by squeezing (at 10=*). The dry lead or barium salt was then 
prepared and extracted with ether, which leaves undissolved the last traces of the salts of the solid fatty acids ; 
the salt of ricinoleic acid is dissolved and gives the pure acid 

With concentrated sulphuric acid, the acid gives (Eenedikt and Ulzer, 1887 ; JuiUaid, 1894 and 1895 ; Chonow- 
skj’’, 1909, and especially Ad Grun, 1906 and 1909) ncinoleinsiil phonic acid, Ci-HajCO SO3H) COjH ; by hot 
\\ator this acid is hydrolysed with separation of sulphmic acid and formation of a condensed ester {ticinolcin~ 
ncinoleic ester), CO 0 CO2H, the condensation taking place between the carboxyl group of one 

molecule and the hydroxyl of another ; only one acetyl group is introduced into the molecule of this compound by 
the action of acetic anhydride Various isomeric condensed anhydrides of dihj'droxystearic acidh aie also easily 
prepared : these are solid and have the constitution Ci7H33(OH)2.C0.O.Ci7H33(O'H).C02H (4 isomeiidc^) and 
can be converted into the corresponding rfiAy-fiori/stma’c acids. One of the latter melts at 90’ and is optically 
active t[a]D = -f 6 45®), two melt at 69 5® and 108° respectively and are mactne, while the fourth melts at 126° 
and is active ; the positions of the ti^o hydroxj'l groups seem to be 9 and 12, or 10 and 12 (for those vith the 
higher melting-points) 

The action of sulphuric acid on ohi'e oiZ partly decomposes the tnolem into glyeciol and oleic acid and partly 
transforms it only into diolein To some extent the double linking of oleic acid fixes H2O and forms hydroxy- 
stearic acid, which is partly converted into the suJphw ic ester of 1 : IQ-dihydi oxusteai ic and. Besides free ricinoleic 
acid, iindecomposed glycerides and glycerol, Turkey-red oil contain® (according to JiiiUard), the suiphuric ester 
of ricinoleic acid, dihydroxystearic acid and the two coiresponding mono- and di-siilphuiic esters, as well as 
dineinoleic acid and other poljTnendes (up to peniancinolnc acid). 

The phenomenon of polymerisation is, indeed, of great importance as regards the effects produced in piactice 
by the sulphoncmate. 

* Turkey-Red Oil (or suIp7ionf'inate) is prepared by treating castor oil — in an open, double-bottomed, iron 
vessel fiiinidied \\dh a stiriei — vith 20 per cent (m suiamei)or 25 pei cent, (in vmter; of coiicentiated sulphuric 
acid (60° Be ), which is added veiy slowly dining 5 or even 8 hour^, so that the temperature of the mass never 
exceeds 35° ; if these piecautions aie neglected, SO2 is evolved When iiece‘"'ary, the tcmpeiature is modeiated 
by passing cold vater thiough the jacket The mixture is left for some houis until a small portion is found to 
be soluble in 'i\atei. The mass is then discharged into a wooden vat containing a quantity of sodium chloride or 
sulphate equal to that of the oil tieated After mixing, the liquid is allowed to stand for some hours, the excess 
of acid (10 to 12 per cent is fixed m the sulphoncmate) being next removed by decanting the aqueous portion 
and washing the remainder m the same manner and afterwards with two successive quantities of wnter half 
saturated w ith common salt ; sufficient concentrated ammonia or sodium hydroxide solution is then added to give 
a neutial (01 amphoteric) reaction. The quantity and concentration of the alkali to be added aie determined 
by a prelimiiiaiy test on a small portion, which gives also the content in fatty acids of the commercial iicinate It 
is usually a clear, yellowish solution, which gnes a clear solution when diluted wuth 2 to 4 vols. of w’ater and a 
milky emulsion when mixed with 5 to 6 vols of watei or with dilute alkali. 

The commonest stiengths are 40, 50, and 60 per cent of total fat (liberated from the alkali), winch is estimated 
by Herbig’s method (1906) ; 10 grms of the sulphoncmate are dissohed in 50 c c of hot water, 25 c c. of dilute 
HCl being then added and the solution boiled for 4 or 5 mmutes, during which time it is kept stined|to avoid spurting. 
It IS next cooled (and, if desued, the lolume of the w^ashed fatty acids can be measured m a burette) and extracted 
111 a separating funnel with 200 c c. of ether, winch is washed wuth thiee separate quantities of 15 to 20 c.c ot 
water. The other is distilled off from a tared flask, the fat being heated over a naked flame and shaken foi a 
couple of mmutes, dried at 105° foi half an hour and weighed. When neutral, not sulphonated, fats are piesont, 
they aie determined by treating 30 grms. of the sulphoncmate with 50 c c. of watei, 20 c c. of ammonia, and 
30 c c. of glycerol, the whole being extiacted wuth ether, which is washed with watei and evaporated in a tared 
dibh. To ascertain if the sulphonciiiate ib the ammonium or sodium compound, tests aie made for these bases 
m the wash-water separated m estimating the total fat; the ammonia is estimated by heating with excess of 
alkali and collecting the ammonia m a standaid solution of sulphuric acid, w'hile the soda is determined by 
evaporating to dryness, calcining the rebiduc and wreighing as sodium sulphate. 

If the sulphoncmate w’eie not prepared from castor oil (inferior products are obtained from olive oil wuth a 
larger amount of sulphunc acid), it will gi\ e a tmbid solution in alcohol, while the acetyl nimher (see p, 189) of the 
total fat IS only 5 to 10 (for olive oil), that of true sulphoncmate being usually 140 and always above 125 further, 
the iodine number of the acids of tiue sulphonc mate is nevei low'er than 68 to 70, W’hilst with other oils it is decidedly 
lower than 70. In the ZeiSs. oleoref lactometer the fatty acids of pure sulphoncmate give a reading of 74. 

The complete analysis of a good sulphoncmate gave 58 per cent, of total fat (composed of 47 per cent, of 
insoluble fatty acids, 1 5 per cent, of neutral fats and 9 5 per cent, of fatty sulpho-acids soluble in water), 1'8 per 
cent of ammonia, and 4 6 per cent of sulphuric acid. In true sulphoncinates, however, the ratio of sulphuric to 
sulphoncinic acid should not be 4*6 . 9 5, but rather 4 6 : 22, and the sulphuric acid as sodium or ammonium sulphate 
should not exceed 0 2 to 0 3 per cent. The soluble sulpho-aeids are estimated by treating 10 grms. of the total 
fatty acids with (not more than) 10 e c. of ether and 30 c.c. of saturated sodium chloride solution free from sul- 
phates ; the mixture is shaken and filtered through a moist filter, the sulpho-acids in the filtrate being precipitated 
with barium chloride. 

The price of Turkey-red oil is based on its content of total fat and is usually about lOd. per unit of fat per 
100 kilos of sulphoricmate. This content is often determined in a graduated burette, by decomposing a given 
quantity of the sulphoricmate with suiphuric acid, dilutmg with water and measuring, in the buiette, the fat 
which rises to the surface after some hours. 
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is separated from -water by addition of salt or dilute mineral acid in the cold ; it is only 
sliglitly soluble in etlier, and its calcium, lead, &c., salts are insoluble in water. Eicino- 
sulpliuric acid is not decomposed in the hot by water or dilute alkali, but it decomposes 
readily into sulphuric and ricmoleic acids when boiled with dilute hydrochloric or sulphuric 
acid. By using an excess of concentrated sulphuric acid, Griin (1907) obtained 9 : 12- 
di hydro xystearic acid. Eieinosulphuric acid or its sodium or ammonium salt is of im- 
portance in Turkey -red oil, since, when the latter is diluted with water, it serves to keep 
ill a state of solution the castor oil or other unaltered oil always found in greater or larger 
quantity in Turkey -red oil. 

Treatment of olive oil or oleic acid with sulphuric acid yields hydroxystearosulplmrie 
acicL -wliich is saturated, CigH3402 (oleic acid) + H2SO4 — CigHssOo O-SOsH; so that 
the iodine number may be used to distmguish true sulphoricmates from saturated ones, 
which are imable to undergo those characteristic oxidations necessary to dyeing operations. 
With an excess of sulphuric acid, hydroxystearosulplmrie acid takes up a molecule of 
water, yielding sulphuric acid and hydroxysteanc acid (saturated), CigHgsOa* OH. 

C. POLYVALENT MONOBASIC HYDROXY-ACIDS 

These are derived from polyhydric alcohols by the oxidation of one primary 
alcoholic group to carboxyl, the other two or more alcoholic groups remaining 
unaltered ; they exhibit behaviour analogous to that of lactic acid. The 
number of the hydroxyls is deduced from the acetyl number {see p. 189). 
These acids, which are gelatinous and crystallise -with difficulty, are some- 
times obtained by the gradual oxidation of saccharine substances or of 
unsaturated acids. 

GLYCERIC ACID (a/3-Dihydroxypropionic or Propandioloic Acid), OH-CH2 CH 
(OH) •CO2H, obtained by oxidising glycerol wuth nitric acid, exists in optically active fonns,i 
and IS soluble in alcohol, water, or acetone (which does not dissolve glycerol).^ As has already 
been mentioned, dihydroxy stearic acid, Ci8H3402(OH)2, is formed by oxidising oleic acid. 

ERYTHRIC ACID (Butantrioloic Acid), OH -CHs* [CH(0H)]2-C02H, is formed on 
gentle oxidation of fructose or erythritol and is monobasic and tetra valent. 

Of the penta valent monobasic acids, four pentonic or pentantet7'olmc isomen dcs, 
C4H5(0H)4-C02H, are known, namely, arabonic acid (by oxidising arabinose), and 
rihonic, xylo7iic, and lyxonic acids, 

Saccharinic or hexantetroloic acid, C5H7(0H)4-C02H, is obtained by treating glucose 
or fructose with lime, while iso- and meta-saccharinic acids are also Imown as salts, which 
are readily obtained from the lactones. 

The hexonic acids or hexanpentoloic acids, C5H6(0H)5 -COoH, are known in some cases 
only as lactones and are obtained by reduction of the corresponding dibasic acids (saccharic 
acid, &c.) or by gentle oxidation (with bromine water) of the corresponding sugars (hexoses), 
to which they are closely related : 


Mannose, CeHiaOg, 

yields mannonic acid, CeHi207. 

Galactose „ 


galactonic „ „ 

Glucose „ 


gluconic „ „ 

Gulose „ 

» 

gulonic „ „ 

Idose „ 

79 

T/donic ,, ,, 

Talose „ 

99 

talonic „ „ 


These acids can be obtained synthetically by hydrolysing the nitriles {see pp. 265 
and 268) of the simpler sugars (pentoses). 

From the racemic form, the Ia?To-modificatioii can he obtained by fermenting the ammonium salt with 
Penictihum glaucmn, and the dextro-form by the diicct action of Bacillus ethaceticus. 

“ It forms a calcium salt, (C 3 H 504 ) 2 Ca -f 2IIaO, soluble in water, whilst the lead salt is only slightly soluble 
m cold water. Among the derivatives of this acid are serine, OH-CHa CH(NH 2 ) • COgH, which, being an amino- 
derivative, has a neutral reaction and forms salts with both acids and bases ; it is obtained by boiling silk-gum 
with dilute sulphuric acid and is soluble m water but ni'^oliible m alcohol or ether 

Among the higher derivatives are (1) ornithine (aS-diaminovalenc and), NHa-CHs Cn2-CIT2-CH(Kn2)-C02rr, 
which is formed on decomposition of arginine, contained in germinating lupins, and (2) lysine, 01 aeidiamino- 
eaproic acid, [CH 2 ]i*CH(XH 2 )*C 02 H, which is obtained on decomposing casein 01 glue with hydiochlori(‘ 
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Further, the iiexonic acids ^deld the sugars on reduction, or the dibasic acids on oxida- 
tion mth nitric acid. 

These acids can be separated one from another by the phenylhydrazine reaction ; 
all of them have the same constitution, but they difter in the spatial arrangement of 
the groups composmg the molecule, since they are stereoisomerides containing various 
asymmetric carbon atoms : 

OH.CHo CH{OH).CH(OH).CH(OH) CH(0H).C02H, 

and for each of these acids, except talonic, the dextro- (d), Isevo- (Z), and inactive {%) forms 
are knovai. 

Some of these stereoisoineric forms are transformed into others simply by the action of 
ptTidme and a little water {e.g. dunannonic acid gives d-gluconie acid and vice versa), and 
the inactive forms are resolved into their active constituents by means of the strychnine 
salts (see p. 22 ). 

The HEPTONIC ACIDS are also derived from the corresponding sugars, the heptoses 
(see later), e.g. rliamnoliexonic acid, C6Hs(OH)5-COoH, from rhamnose, glucoJieptomc acid, 
C6H7(0H)6 CO^H, &c. 


D. MONOBASIC ALDEHYDIC ACIDS 

(and Aldehydic Alcohols and Dialdehydes) 

GLYOXYLIC or ETHANOLOIC ACID, COoH-CHO + H2O, gives up the molecule 
of water with which it is combined without decomposing, and may be regarded as having 
a structure similar to that of chloral hydrate, C02H-CH(0H)2 ; the salts also correspond 
with this formula, although they retain the aldehydic character. It occurs widespread 
m nature m sour fruit (gooseberries, &c ), and is obtained synthetically by heating di- 
bronioacetic acid, COoH- CHBio, with water, by reducing oxalic acid electrolytically, or by 
oxidising etliyl alcohol with nitric acid. It crystallises with difficulty, dissolves in water 
and distils in steam. 

FORMYLACETIC ACID (Semi-aldehyde of Malonic Acid), COaH-CHs-CHO, is 
obtained as acetal from the acetal of acrolein. The isomeric / 3 -hydroxyacrylic acid 
(liydroxymetlujleneacetic acid), C 02 H-CH : CH*OH, is also knovm and is obtained as ester 
by a synthesis similar to that of ethyl acetoacetate (see p. 332 ). It condenses readily 
to trunesic acid, C6H3(C02H)3. 

GLYCURONIC ACID, COoH- [CH( 0 H)] 4 *CH 0 , is obtained by reducing saccharic 
acid, and, as lactone, melts at 175 ° 

GLYCOLLIC ALDEHYDE (Ethanolal), OH-CH2-CHO,is obtained by the action of 
baryta water on bromoacetaldeliyde in the cold. It is known only in aqueous solution and 
may be regarded as the simplest member of the sugar group, of which it gives all the 
reactions ; it reduces Fchling’s solution, even in the cold. When oxidised with bromine 
water it gives giycollic acid, whilst in presence of dilute alkali it condenses, forming tetrose. 
If heated m a vacuum, it condenses to a syrup, which retains the reducing character. With 
phenylhydrazine acetate it yields glyoxal phenylosazone. 

GLYCERALDEHYDE,^ OH.CH2-CH(OH) -CHO, is obtained together with dihy- 
droxyacetone (as glycerose) by oxidising lead glycerate with bromine, or by hydrolysis 
of its acetal. On condensation, it gives acrose. 

ALDOL, CH 3 -CH( 0 H) *CH 2 ‘CH 0 (see p. 205 ), which belongs to this group of com- 
pounds, forms a dense oil soluble in water. 

GLYOXAL (Ethandial), CHO*CHO, is the dialdehyde of glycol, and hence combines 
with 2 niols. of bisulphite [C2H202(S03lI]S[a)2 + II2O] or hydrocyanic acid. It is formed, 
together with giycollic acid, by gentle oxidation of acetaldehyde with nitric acid. It forms 
a white mass which is soluble in alcohol or ether and absorbs water with avidity. Even 
in the cold, alkalis transform it into giycollic acid, CHO*CHO + H9O == OH-CH2*COoH. 

CH-NH. .NH-CH 

With concentrated ammonia, it gives || || , which is con- 

CH-NH. 

verted to a large extent into glyoxaline (iminazolij , [| jCH, 

CH— 
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E. MONOBASIC KETONIC ACIDS 

(and Keto-alcohols, Diketones and Keto-aldehydes) 

Ketonic acids show all the general reactions of acids — i e. of the carbox3^1 
group (p. 266 )— and of ketones— z.e. of the carbonyl group, CO (p. 204 ). Their 
constitution can be deduced from the various syntheses and from the known 
constitution of the h^^'droxy-acids derived from them on reduction. 

Interesting behaviour is shown bj^the esters of the -ketonic acids, which, 
owing to the mobility of a hydrogen atom adjacent to the carbonyl, reacts 
sometimes in the ketonic form and sometimes in the isomeric enolic form, 
which represents an unsaturated, tertiary alcohol : 

CHs-CO-CHs-COAHs T:!: CH3-C(0H) : CH-COaCgHs. 

Ethyl aeetoacetate (kcto-form) Ethyl hydroxyciotonate (enol-form) 

The enolic form is stable only as derivatives, e.g. the acetyl-derivatives, 
CH3-C(0-C0*CH3) : CH-COsCaHs, these derivatives being the more stable, 
the more negative the residues introduced in the direction of the carboxyl. 

This phenomenon is tautoinerism or pseudoisomerism {see p. 17 ). 

If the a-carbon atom, adjacent to the carbonyl, has one of its hydrogen 
atoms replaced by an alkyl group, thus, CHs-CO-CHR-COgCgHg, the ]iheno- 
menon of tautomerism is still observed, but this ceases to be the case when 
both these hydrogen atoms are replaced, as in CHs* CO •CR2 -00202115. The 
mobile h^^drogen causing the tautomerism is solely that situate between two 
carbonyls ( 1:3 diketoiies) : 

_CO— CH2— CO— — C(OH) : CH - CO- 

SO that such behaviour is not shown by acetylformic acid, CHg-CO-COgH ; 
diacetyl, CH3 • CO • CO • CH3 ; acetonylacetone, CHg • CO • CHg • CHg • CO • CH3 ; 
levuHnic acid, CH3-C0-CH2-CH2-C02H, &c. 

The tautomeric forms can be distinguished and are stable in the crystalline 
state, even near the melting-point ; the reciprocal transformation is continuous 
and Tery rapid in either the fused or dissolved state, the two forms finally 
attaining proportions varying with the conditions (especially temperature 
and nature of solvent). If separation of the two forms by means of a reagent 
is attempted, the equilibrium is displaced and the second tautomeric form 
is transformed into the one which has reacted, so that the mixture behaves 
as a single substance, unless two reagents are used which act with equal 
velocities on the two forms giving different, separable compounds ; syntheses 
with ethyl chlorocarbonate appear to correspond with these conditions, which 
are, however, not easy to obtain. 

When separated, the two forms can be readily distinguished, since the 
enol gives an intense coloration with ferric chloride, with which the ketone 
does not react. After some days, however, the coloration yielded by the former 
becomes paler, while a colour also appears in the mixture of ketone and ferric 
chloride, a condition of equilibrium between the two forms being slowly arrived 
at in each case. Sometimes the enolic form remains unchanged for a long time 
in chloroform solution, although when dissolved in alcohol it is transformed 
more or less completely into the ketonic form in the course of a few days. 

The enolic form — ^which is soluble in alkali, whereas the ketone is insoluble 
— gives (like all compounds containing a double bond) a greater dispersion and 
refraction of light, and also a greater electromagnetic rotation of the plane of 
polarisation^ than the corresponding isomerides without double bonds. 

* Polarised light passes unchanged through a tube containing an inactive liquid, but if the tube ib suriounded 
by a \\iie through which an electiic current pasbes,the plane of polarihation is doviat(*d, and, under equal condi- 
tions of temperature and current, the deviation is greater for a compound with a double bond than for the isomcnde 
without such a bond. 
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METHODS OF PREPARATION. Ketonic acids are formed by gentle 
oxidation of secondary hydroxy-acids ; thus, lactic acid gives iDvru^dc acid, 
CHg- CH(OH) • COgH -h 0 = HgO -t- CHg- CO • CO,H. 

The a-ketonic acids are usually obtained bj* hydrolysing the nitriles, this 
reaction indicating the constitution : 

CHg-CO-CN -f- 2H2O = NHg + CHg-CO-COgH. 

Acetyl cyanide Pyrtiiic acid 


/3-Ketonic acids are obtained as esters by the action of sodium or sodium 
ethoxide on ethyl acetate or its homologues [see the Ethyl Malonate Synthesis, 
p. 309), thus : 

/■ONa 

CH3.COAH5 + an^-oxa =: ch3-c^oc,H5 

Ethyl acetate Sodium ethoxide oc’A 

/ONa 

CHg-CyOCgHs -f- CHg-COAHs = 

^OChHg 

2C2H5-OH -b CHs-C(ONa) ; CH-COAHs- 

Ethyl fcodioacetoacetate 


Acetic acid then readily expels the sodium and liberates ethyl acetoacetate^ 
which has not the enolic but the ketonic constitution, CH3* CO -0112*^02^2115. 
The total reaction is hence as follows : 


CHg-COaC^Hs + 0H3-CO2C2H5 = CbHs-OH + CH3-CO-CH2*C02C2H5. 

Similarly diketones are obtained by the interaction of ethyl acetate and 
simple ketones in presence of sodium ethoxide : 

CHg-COaCgHs + CH.-CO-CHg = C>H5-OH + CHg- CO -CHs* CO -CHg. 

This ethyl acetate synthesis has been largely used to prepare compounds 
of most varied characters. Ethyl formate acts similarly, gmng hydroxy- 
methylene derivatives [containing the group — C(0H) =], wliich are isomeric 
with the keto -aldehydes : 

CHg-CO-CHg + H-CO2C2H5 = CgHg-OH + OH-CH : CH-CO-CHs. 

Acetone Ethyl formate Hydroxy methylencacetone 

y-Ketonic acids are obtained by the ketonic decomposition [see later) of 
the products of reaction of ethyl sodioacetoacetate with esters of a-halogenated 
acids : 

CHg-CO-CHNa-CO-AHs + R-CHI-C02C2H5 = 

Nal -b CH3-C0-CH<^Q^g^2C'‘®5 — ^ -f HgO — > 

COg + CgHj-OH + CHg-CO-CHo-CHR-COAHs- 

y ^ a 

Properties of Ketonic Acids. While the a- and y-ketonic acids are stable, 
the /3-acids readily lose COg, giving the corresponding ketones. Reduction 
of y-ketonic acids yields, not hydroxy-acids, but y-lactones. 

As we saw was the case with malonic acid (see p. 309), the esters 
of /3-ketonic acids contain a hydrogen atom readily replaceable by metals, 
e.y. ethyl sodioacetoacetate, CH3*C0-CHNa*C02C2H5. 

Eurther, ketonic acids readily form condensation .products : with anihne 
they give quinolines ; with phenylhydrazine, pyrazoles, &c. 

PYRUVIC ACID, CHg-CO-COoH, is obtained by the dry distillation of 
tartaric or racemic acid, an intermediate product in the reaction hemg j)ossibly 
glyceric acid (formed by loss of COg)^ which then loses w^ater and yields 
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P37TnTic acid. It is formed also b}" oxidising lactic acid with permanganate 
or by hydrolysing acetyl cyanide. Pyruvic acid is a liquid with an odour 
of acetic acid and of meat-extract, and is soluble in water, alcohol, or ether. 
It boils at 165 ° and solichfies at 9 °. It is a more energetic acid than propionic 
o^ving to the presence of a carbomd group in close proximity to the carboxyl. 
Its constitution is indicated by the fact that with nascent hydrogen it gives 
ethylidenelactic acid. It readily forms condensation products (e^gr. benzenes ; 
and with ammonia, pyridine compounds). When heated at 150 ^ with dilute 
sulphuric acid, it loses CO2, forming acetaldehyde. Electrolysis of a con- 
centrated solution of potassium pyruvate results in the union of the anion 
of the acid, OHg-CO-COO' with the ion OH', cyanogen and acetic acid being 
formed ; at the same time two anions combine with loss of 2CO2 and formation 
of diacetijl CHs-CO-CO-CHg. This represents the general behaviour of 
potassium salts of ketonic acids on hj’drolysis. 

Of the derivatives, cy«si 5 e^?ie (a-amino-j 3 -thiolactic acid), SH- CH2' CH(NH2) • 
COgH, and cystine, the corresponding disulphide, may be mentioned. 

a-Ketobutyric acid, CHg- CH2* CO-COgH, has no special importance. 

ACETOACETIC ACID (jS-ketobutyric acid), CHs-CO-CHa-COgH, is 
obtained in the free state by cautious hydrolysis of its ester, and forms an 
extremely acid liquid soluble in water, in which it gives a red coloration 
vith ferric chloride ; when heated, it readily loses CO 2 with production of 
acetone. 

ETHYL ACETOACETATE, CHs*C0-CH2*C02C2H5, is of far greater 
importance than the free acid, owing to the very varied syntheses in which 
it finds application. Tliis ester is obtained in the form of its crystalline 
sodium derivative by the action of sodium and alcohol (sodium ethoxide) 
on ethyl acetate {see above). 

Ethyl acetoacetate (freed from sodium by means of acetic acid) is a liquid 
having a pleasant, fruity odour, and dissolves readily in alcohol or ether and 
slightly in water, in which it gives a red coloration with ferric chloride. It 
has a neutral reaction and a specific gravity of T 030 ; it boils at 181 ° and 
is found in diabetic urine. When boiled with dilute alkali or dilute sulphuric 
acid, it undergoes ketonic decomposition, forming COg, acetone and alcohol : 

CHg-CO-CHg-COsCaHs + H2O = CO2 + + CHa-CO-CHs. 

With concentrated alcoholic potassium hydroxide, it undergoes acid 
decomposition, producing 2 niols. of acetic acid : 

CH3-C0-CH2-C02C2H5 + 2 H 2 O = CsHg-OH + 2CH3-C02H. 

Its great reactivity is due to the readiness with which one of the hydrogen 
atoms is replaceable by metals (Ba, Al, Zn, Ag, Cu, &c., in ammoniacal solu- 
tion), especially by sochum. Uthyl sodioacetoacetate, CHg* CO • CHNa • CO2C2H5, 
is a white solid soluble in water, while ethyl acetoacetate is soluble in alkali, 
from which it is repreeipitated by acids. The sodium is readily replaced by 
different alkyl groups by the action of the corresponding alkyl iodides {see 
the analogous syntheses mth Ethyl Malonate, p. 309 ). Since the compounds 
thus obtained can be subjected to either acid or ketonic decomposition, it will 
readily be seen how very varied acids and ketones can be obtained by means 
of ethyl acetoacetate. For instance, the action of normal octyl iodide on 
ethyl sodioacetoacetate yields methyl nonyl ketone, a constituent of oil of rue : 

CH •300- CHNa •CO2C2H5 + I-CHg* [CH2]3-CH3 = 

Nal + 
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this compound, hy ketonic decomposition, giving methyl nonijl ketone, which 
must hence have the normal striictuic [CH2]7-CHo. 

Further, l\v eliminating the sudiuni from ethyl sodioaeetoacetate by means 
of iodine, the two residues coaibiae, forming ethyl dkicetylsuccinate : 

2CH3 • CO • CHNa • CO2C0H5 + I2 = ^Nal + CH3 • CO • CH • CO.C2H5 

CH.-CO-CK-COoCbHs 

and this ester, on ketonic decomjiosition (boiling with 20 per cent, potassium 
carbonate solution), reacts with 2H2O and gives 2 COo, 2C2H3* OH and acetonyk 
acetone, CH3*CO-CH2-CH2-CO'CH3, which has a normal carbon-atom chain 

4 3^2 1 

and is a 1 : 4 : diketone. 

Ethyl acetoacetate also couibhies with formaldehyde (in presence of 
diethylamine), with acetone and with ammonia ; with aniline it gives cli- 
phen3dcarbamide. With one or tw'o mols. of siilphurvl chloride it gives ethyl 
chloracetoacetate (b.pt. 194 ^, sp. gr. 1-19 at 14 ") or ethyl dichloracetoacetate, 
CHg • CO * CCI2 ‘ CO2G2H5, 'which boils at 206 ^ and has the sp. gr. 1*293 at 16 '^. 

LEVULINIC ACID, CHa-CO-CH^-CHo-CO.H, obtained synthetically by the acid 
decomposition of the product of reaction of ethyl acetoacetate and ethyl cliloracetate. 
It can be prepared by boilmg hexoses, cane-sugar, cellulose, gum, starch, &c., with con- 
centrated hj’drochloric acid. 

It melts at 33"^ and boils at 239° •witii slight decomx3osition, or at 144° under 12 mm. 
pressure. 

It is sometimes used in the printing of textiles. 

KETO-ALCOHOLS 

ACETONEALCOHOL or ACETYLCARBINOL (Propanolone), CHg-CO-CHa'OH, 

IS formed by heating either grape-sugar with fused j)otassmm In’droxide or a mono-halo- 
genated acetone with barium carbonate. It is a inxiiid which boils almost unchanged at 
147° and reduces Fehhng’s solution even in the cold. 

DIHYDROXYACETONE, OH CHa-CO-CHa-OH, is formed together with gtycer- 
aldehyde by oxidising glycerol -vvitli nitric acid. It has a sweet taste and may indeed be 
regarded as a triose sugar. It crystallises m colourless plates and reduces Fehling’s solution 
in the cold. 

BUTAN-2-OL-3-ONE (Dimethylacetol), CHa-CO-CH(OH) -CHg, also reduces 
Fehling’s solution and is obtained by reduemg diacetyl. It is a liquid soluble in water 
and boils at 142°. 

The higher homologue, acetoisopropyl alcohol, CHs* C0-CH2-CH(0H)-CH3> b.-pt. 177°, 
is also Imown and is formed by the condensation (by means of alkali) of aldehyde 
with acetone. Eemoval of water from this compound yields Ethylideneacetone, 
CHg . CO . CH : CH • CH^, boiling at 122°. 

DIKETONES 

All diketones give mono- and di-oximes, and mono- and di-hy^drazones, the latter (as 
with the aldehydes) bearing the name of osazones and being usually yellow. They often 
exhibit tautomerism and give rise to various cymhc condensation products. 

DIACETYL or a-DIKETOBUTANE (Butandione), CH3 -CO -CO XH3, is prepared by 
the general method for diketones, namely, by treating methyl ethyl ketone, GH3 * CO * C2H5, 
,witli amyl nitrite and a little HCl, the CH2 group being transformed into ~ C : NOH, giving 
an isonitrosohetone, thus : 

CHs-CO-CHs-CHa -f-ilOrCsHn ^ CH3.CO.C.CH3 

N-OH; 

when boiled with dilute sulphuric aei(d, this compound loses the hydroxyiminic group (as 
hydroxylamine), the diketone remaining* 
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It IS a yellow liquid which has a penetrating odour, dissolves in water and boils at 88°, 
giving yeliovish green Vci]joui (sp. gr. 0-973 at 20°). With hydrogen peroxide, diacetyl 
IS converted quantitatively into 2 inols. of acetic acid : 


CHo CO CO CH3 + H2O2 = 2CH3.CO2H. 


ACETYL ACETONE, CH3 - CO -CHo-CO •CH3. The best general method for preparing 
1 : 3-diketones consists in treating an ester with sodium ethoxide : 


/ONa 

E.CO0C0H5 + C.H5 ONa = R-C^OCsHs; 

^OCsHs 


this compound, when treated vith a ketone, R'-CO-CHg, loses 2 mols of alcohol and yields 

.ONa 

E:.C{^ , from which the sodium is expelled by a dilute acid. This enohe form, 

V^H.COR' 

/OH 


— C-^ 5 readily passes into the ketonic form, — CO ~ CHg — , thus giving the 

^^CH - 


compound R • CO • CH2 • CO • R'. 

Another general method for obtaining 1 : 3-diketones consists in treating the sodium 
derivatives of acet^dene homologues vuth an acid chloride and then acting on the acetylenic 
product vith suliihuric acid, so that it combines vutli water : 


CH3.[CH2]4-C i Na + CHs-CO-Cl = NaCl 4- CHg-LCHsL-C ! C.CO.CH3 ; 

Am;^lacetylene Acetyl chloiide 

the latter + H2O — > CH3-[CH2]4 CO-CH2-CO CH3. 

As in ethyl acetoacetate and ethyl malonate, the tw'o hydrogen atoms of the methylene 
group between the two carbonyl gioups are here also replaceable by metals, giving volatile 
compounds wdiich are soluble m chloroform, benzene, &c., and differ from true salts, their 
solutions exhibiting very slight electrical conductivity. 

Acetylacetone has a pleasant odour and boils at 137°. When boiled with water it 
yields acetone and acetic acid. 

ACETONYLACETONE (y-Diketohexane or Hexa-2 : 5-dione), CHg-CO-CHo-CHo- 
C0*CH3, is obtained by ketonic decomposition of the product of interaction of ethyl aceto- 
acetate and ethyl chloracetate {see also Levuhnic Acid) ; it boils at 194° and has an 
agieeable smell. 


KETO-ALDEHYDES AND HYDROXYMETHYLENEKETONES 

PYRUVIC ALDEHYDE (Methylglyoxal or Propanolone), CH3 • CO • CHO, is a volatile 
oil obtained by decomposing its oxime (isomtrosoacetone) with dilute acid {see Diacetyl). 

ACETOACETALDEHYDE, CH3-CO-CH2-CHO, was formerly thought to have been 
obtained in the free state, but more exact study has now shown the compound m question 
to be the unsaturated isomeride, HYDROXYMETHYLENEACETONE, CHs-CO-CH : 
CH-OH, which has an acid character and is obtained by the interaction of acetone and 
ethyl formate in presence of sodium ethoxide {see Ethyl Acetoacetate). It boils at 100° 
and readily condenses into 1:3: 5-triacetylbenzene, C5H3(CO-CH3)3. 


F. POLYVALENT DIBASIC HYDROXY-ACIDS AND THEIR 

DERIVATIVES 

TARTRONIC ACID (Hydroxymalonic or Propanoldioic Add), 
C 02 H-CH( 0 H)* CO 2 H, is formed by the spontaneous decomposition of nitro- 
tartaric acid and is obtained synthetically by oxidising glycerol with potassium 
permanganate, by eliminating bromine from bromomalonic acid by the action 
of moist silver oxide, or by reducing Mesoxalic Acid, C0(C02H)2. It crystal- 
lises "with fH20 and melts at 184°, losing CO 2 and forming polygly collides. 
It is soluble in W'ater, alcohol, or ether. 



T A R T A R I C A C I D S 335 

Malic acid (Hydroxysuccinlc or ButanoMioIc Acid), COaH-CHtOH)- 

CH 2 -COjH, occur, -j in abundance in unripe fniitrf (apple.s. grapes, quinces, 
and sorb-apples, from which it is extracted). Its crystals nielt at 100° and 
it tli.ssolres in water or alcohol and, to a slight extent, in ether. When 
subjected to dry distillation, it gives fumario acid and maleic anhydride. 
Syntheticalh’ it is obtained from maleic or fuiuaric acid or asjiaragine, 
and also bj the action of moist silver oxide on bromosuccinic acid, and by 
the reduction of tartaric acid by means of hydriodie acid. 

As it contains an asymmetric carbon atom, malic acid forms three optically 
diferent stereoisomerides, all of which are known. Natural malic acid is Isevo”- 
rotatory, that derived from d-tartaric acid dextro-rotatory, and that obtained 
by other syntheses inactive but resolvable into active components by fractional 
crystallisation of the cinchonine salt. 

It gh es an acid calcium salt readily soluble, and a normal salt slightly 
soluble hi water. The presence of the alcoholic group is jiroved by the forma- 
tion of acetvlmalic acid (aec p. 189). 

For the amido-derivatives, asparagine, &c.. see later. 

Of the higher Jiomologues of malic acid, the following are known : Four 
isomeric acids, C 3 Hg(OH)(COj,H )2 [a- and \i-hydro.viiglutarie acids, itamnlic 
and Gitramalic acids] ; diaterebinic add, C 5 H 9 (OH)(CO.,H) 3 , which readily 
forms a lactone, and terebinic acid, CjHioO^. 

TARTARIC ACIDS, CO^H- CH(0H)-CH(0H)-C02H 

These are dibasic and tetravalent, as they contain two secondary alcoholic 
groups. The presence of two asymmetric carbon atoms leads to the existence 
of four stereoisomerides, which have already been considered on p. 20: 
(1) ordmary or d-tartaric acid; (2) Z-tartaric" acid ; (3) racemic or pam- or 
di-tartaric acid ; (4) i- or meso- or anti-tartaric acid. 

They are obtained syntheticallj' from dibromosuccinie acid, 
OOjH-CHBr-OHBr-OOjH, and moist silver oxide, from glyoxal cyano- 
hydrin, from glyoxylie acid by reduction, from mannitol by oxidation W'ith 
nitric, acid and from fumaric or maleic acid by oxidation. 

(1) d-TARTARIC ACID. This is the ordinary tartaric acid, which occurs 
abundantly as such, and as monopotassium tartrate (tartar) in many fruits 
—especially in the grape, and hence in wine, from which it is extracted in a 
manner to be described. 

Dextro-rotatory tartaric acid forms hemimorphic, monoclinie prisms with 
a decided and pleasant acid taste. It is readily soluble in water or alcohol 
and almost insoluble in ether. One hundred parts of water dissolve 114 parts 
of the acid at 0°, 125-7 at 10°, 139-4 at 20°, 156-2 at 30°, 176 at 40°, 195 at 
50°, 217-5 at 60°, 243-6 at 70°, 273-3 at 80°, 306-5 at 90°, and 343-3 at 100°. 
The acid melts at 170°, giving rise to various anhydrides and to pyruvic and 
pyrotartaric aoids ; ultimately it carbonises with an odour of burnt bread 
or, if the temperature is raised considerably, of burnt sugar. 

Energetic oxidising agents convert it into tartronio acid or dihydroxy- 
tartaxic acid and finally into formic acid, carbon dioxide, &c. In the hot, 
it reduces ammoniacal silver solutions (see p. 346 for a sensitive reaction for 
tartaric acid). Certain bacteria transform it into sueeinic acid. When 
burned, tartaric acid and tartrates emit an odour of burnt bread, thus differing 
from citric acid and citrates, which give a pungent odour. 

Owing to the presence of alcoholic groups, tartaric acid, like glycerol, 
hinders the precipitation by alkali of many metallic oxides, e.g. of cupric 
oxide in Feblmg’s solution (containing caustic soda, copper sulphate, and 
sodium potassium tartrate ; see Sugar Analysis), the intensely blue, soluble 
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C0oNa-CH-0\ ^ . 

compound ‘ I /Cu, being fonued ; this compound js not pre- 

CO.K • CH-0^ , 1 , 

cipitabie by alkalis, since the copper no longer funcrions as cation, but is 

—O-CO-CH-O. 

contained in the anion, j >0u, which migrates to the positive 

— O-CO-CH-0^ 

pole or anode when the salt is electrolysed. 

Tartaric acid is used in dyeing, in the wine indnstiy, in the prcpaiation 
of aerated beverages (lemonade), in medienie, &c. . i ■ i 

The following salts of tartaric acid may be mentioned, acid xiotassium 
tartrate being considered more in detail later. 


ACID POTASSIUM TARTRATE (Cream of Tartar), CO 2 H CH(OH).CH(OH)- 
COoK, IS slightly soluble m water or m dilute alcohol, and has a pleasant acid taste. Tor 

its commercial preparation, see Tartar Industry. , , ^ . , , , , , 

NORMAL POTASSIUM TARTRATE, CiH^OeKa + iHsO, is readily soluble >11 
water and separates from highly concentrated solutions in monwlimc prisms. 

SODIUM POTASSIUM TARTRATE (Rochelle Salt), CiHiOoWaK + is pre- 

pared by satuiatmg cream of tartar solution wnth sodium carbonate. Copper and non, 
present as impurities, are removed by means of hydrogen sulphide, the solution being then 
teated with good animal charcoal, filtered, concentrated and allowed to crystallise ; the 
Boehefie salt separates in thick columns readily soluble in water and slightly so in alcohol. 
It is used to reduce silver salts in the silvering of mirrors and also for medicinal purposes 
and to prepare Fehlmg’s solution. It costs about £7 per quintal. 

CALCIUM TARTRATE, C 4 H 406 Ca + 4 H 2 O, is insoluble in water but soluble in cold 
sodium hydroxide solution, from “wliich it separates on heating as a jelly, vhich rcdissolves 
on cooling. It dissolves in acetic acid, thus differing from calcium oxalate. 

TARTAR EMETIC (or Potassium Antimonyl Tartrate), C 4 H 40 e(Sb 0 )K + is 

prepared by precipitating SbOCi from a solution of SbCla by means of water, boiling the 
precipitate with soda solution and dissolving the SbgOs thus formed in a solution of 4 or 5 
times its weight of potassium hydrogen tartrate m 50 parts of water. After filtration and 
concentration the solution deposits, on cooling, efflorescent, trimetric pyi’amids, which are 
soluble in water (1 : 13 at 20 % 1 : 6 at 50°) but insoluble in alcohol. It is poisonous and 
is used in medicine as an emetic and in dyeing cotton as a mordant for basic dyes (price 
about £9 105. per qumtal). Germany imported 2019 quintals m 1908 and 3914 in 1909, 
the respective exports being 10,303 and 10,899 quintals in the two years. 

(2) ^TARTARIC ACID differs from the ^f-acid only in the opposite sign of its rotation 
and In the opposed hemihedry of its crystals. Mixing of the concentrated aqueous solu- 
tions of the two acids results m development of heat and the formation of inactive tartaric 

acid. , 

(3) RACEMIC ACID (ParatartaricAcid), (C 4 H 606)2 + 2 H 2 O, represents a mixture of 
dextro- and Isevo -tartaric acids m equal proportions, and is hence optically inactive {see 
p. 20). When heated alone or, better, in presence of concentrated caustic soda solution, 
Sther the d-acid or the meso-acid (see helow) is transformed into racemic acid. The latter 
is obtained from the mother -liquors of ordinary c?-tartaric acid. The molecular weight, 
determined cryoscopically or from the vapour densities of the esters, corresponds with 
the simple molecule, 043606 - It forms triclinic crystals which efflore>sce m the air, 
and is less soluble than the active acids. From sod%um ammonium racemate crystals 
(C 4 H 406 ) 2 Na 2 (HH 4)2 + 2 H 2 O, Pasteur separated those showing doxtro- from those 
showing Isevo-hemihedry, thus resolving racemic acid into its optically active constituents. 
Only in the crystalline state is the molecule of racemic acid regarded as double that of 
tartaric acid, whilst in dilute aqueous solution it is assnmed to be decomposed completely 
into the two optical antipodes. 

- (4) MESOTARTARIC ACID, C^HgOe -f HgO, is optically inactive and is not merely 

a mixture of the active compounds. It is obtained by prolonged boiling of d-tartaric acid 
With excess of caustic soda. Its potassium salt is more soluble m water than those of the 
other tartaric acids. 
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MANUFACTURE OF POTASSIUM BITARTRATE (Cream of Tartar or Potassium 
Hydfogen Tartrate). Although the crude prime material of thi'^ industry is very abundant 
m Italy in vrxne residues, it is only vithin the last few years that the working has been placed 
on a rational basis, the tartar being refined and tartaric acid prepared. Although these 
prime materials are subject to an export duty (I 5 . 9d. per quintal), the exportation from 
Italy amounted to about 178,000 quintals, worth £480,000, m 1905, and 178,500 quintals^ 
vorth £416,000, in 1910. The treatment of these products requires, be.^ides special tech- 
nical ability, also considerable quantities of fuel, and to this is partly due the difficulties 
of the Italian manufacturers. 

Cream of tartar occurs abundantly in the green extremities of vine-shoots and in the 
grape, and part of it remains in the pressed tinasse. The vniasse of southern giupes con- 
tains as much as 4 per cent, of cream of tartar, and that of other grapes fioin 2 to 2*5 
per cent, Vinasse that has not been in contact with the fermenting must, and that of 
second wines have practically no commercial valued 

Another portion of the cream of tartar which remains dissolved in the must gradually 
separates (lees) as fermentation proceeds — cream of tartar being less soluble in alcoholic 
liquids (wine) and finally part of if is deposited as a crystalline crust on the walls of the 
casks duruig the winter, the solubility being less in the cold. One litre of water dis.solves 
3*2 grins- of tartar at 0=^, 4 grms. at 10% 5-7 grins, at 20% 9 grms. at 30°, 13 grins, at 40% 
18 grms. at 50% 24 grms. at 60°, 32 grms. at 70°. 45 grms. at 80°, 57 grms. at 90°, 69 gimis. 
at 100°, 82 grins, at 110°, and 94 grms. at 120% In an alcoholic liquid (with 10 per cent, 
of alcohol) the solubility is reduced almost to one-half ; the solubilitv is also slijihtlv 
diminished by the tartaric acid and increased by the niineral acids of the wine. 

These crude products are of different colours according as they are obtained from white 
wines (white tartar) or red wines (red tartar), and according to the degree of purity. 

Fresh wine lees (forming about 5 per cent, of the wine) are slimy, of a dirty red 
coIom% and contain yeasts, colouring-matters, cream of tartar (10 to 25 per cent.), and 
calcium tartrate (6 to 20 per cent.). Italian vmie lees are the richest m potassium bitartrate 
and the poorest m calcium tartrate. When removed from the vats, the lees are placed to 
drain in strong bags suspended by cords, the bags being afterwards tied up and pressed 
slightly in a press. They are then removed from the bags and dried in the air, being 
turned from time to time. When pressed and almost dry, they contain more than double 
as much tartar as when in the fresh state (about 10 per cent, of moisture, 6 to 10 per cent, 
of lime, 3 to 5 per cent, of sand, 25 to 40 per cent, of tartaric acid). In some large wineries 
the lees are passed directly to the filter-presses, cakes which are readily dried being thus 
obtained. 

The crude tartar contains 45 to 70 per cent, of potassium bitartrate and calcium 
tartrate, and, if washed and crystallised once from hot water, this content may increase to 
75 to 87 per cent.,^ the product being then placed on the market under the name of crystals. 

* One quintal of grapes yields 30 to 35 Mlos of vinasse and 65 to 70 of must, so that the annual Italian produc- 
tion of 40,000,000 quintals would conespond ■with. 2i0 to 25 million quintals of vinasse, containing, on the average 
more than 3 per cent, of tartar. The tartar is ebtimated hy the method of Carles : a kilo of the vmasse is chopped 
and mixed, and lOO grins, weighed and boiled for 10 minutes with 700 c c of water in a litre flash, the liquid being 
subsequently made up to the mark with distilled ■water. Five hundred cubic centimetres of the filtered solution aie 
concentrated to about 100 e.c., 70 c c. of saturated calcium acetate solution being then added to the boiling liquid ; 
after mixing, the liquid is allowed to cool for 12 hours, the precipitated calcium tv'irtrate being then collected on 
a tared filter, washed with water, dried at 60®, and weighed, Slultiplication of the result by 3 and deduction of 
5 per cent, (to alJo'W' for the volume occupied by the vinasse in the litre flask) gives the calcium tartrate per 100 
grms of vmasse ; further multiplication by 0'723 gi\es the corresponding amount of potassnim hydrogen tartrate. 
Ciapetti has rendered this method more exact by tiansforaung the calcium tartrate (by potassium bioxalate in the 
hot) into potassium hydrogen taitrate, filteiing and washing the residue, concentrating the filtrate and adding 
alcohol to precipitate the potassium bitartrate ; the latter is W'a&hed, redissolved in hot water ana titrated wath 
decinoimal caustic soda solution (see below. Analysis of Tartar) 

■ Analysis of Tartar. Tartar being a rather expensive substance (£6 to £8 per quintal), it is frequently 
adulterated with sand, gypsum, dc. It is always bought and sold on its strength, the potassium bitartrate or the 
total tartaric acid (thus including both the calcium tartrate and the free tartaric acid) being determined. 

A homogeneous sample i« finely giound and sieved, the residue being again ground. 

A test w hich is not very exact but is rapid and largely used is the direct tiiratwn test The coarse imptirMes, sand, 
clay, sulphur, woody’^ matter, yeasts, dx., are estimated by boihng a known weight of the crude tartrate with water 
acidified with HCl, and collecting, washing, drying, and ■weighing the residue on a taied filter; the residue is 
sometimes ashed. 

The calcium carbonate is determined by treating with an acid in the calcimeter and measuring the carbon 
dioxide evolved, and the total lime, including that of the tartrate, toy calciriing a givep weight of the tartar, 
H 
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As a rale 60 to 70 per cent, of the total tartar is extracted from the vinas.se after the 
alcohol has been di.stilled off ■with steam in the mannci indicated on p. 143. Iho forms of 
apparatus there shown give almost saturated, boiling solutions of taitai (the remaining 
villas, se being cciitritiigcd or picssed to leinove all the tartaric li(][uois), "which aio allowed 
to cool 111 shallow, wooden vessels. In these vessels are hung, after some time, strings 
studded with tartar crystals, on which less impure crystals gradually toim. The deposit 
forming on the walls oi the vessels is of a less degree of puiity, and that on the bottom 
contains many coloured impurities. In 5 to 6 days the crystallisation is complete, more 
rapid and complete separation being attained in very cold jilaces or by the use of aitificial 
cooling. The mothei -liquors decanted from the tartar may be utilised again for extraction 
of vinasse, but when they become too rich in impurities or mucilagnions substances, they 
are either used as fcrtilisei’s, since they contain potassium salts, ot, bettei, aie treated 
(Carles, 1910) at boiling temperature with 60 grins, of potassium terrocyanich^ per hectolitre, 
the iron, aliiiiiina, copper, &c., present being thus removed j the claiificd liquid is tieated 
with hme to separate calcium tartrate, the potassium salts being recoverable from the 
filtered solution by the Alberti process {see later).^ The dregs deposited during the extrac- 


dissolving out the potassium carbonate, treating the residual calcium carbonate with excess of standard nitrous 
acid solution, and measuring the excess of the acid by titration soda solution. The total lime is, howcvei , 
best estimated by dissolving 2 grins in HQ, neutralising uith ammonia, precipitating with ammonium oxalate, 
and heating on a water-bath, the precipitate being subsequently collected on a filter, ignited iii a platinum ciucible 

and weighed as CaO. , ^ , , -u i i ^ ^ 

The tituihon test of the quantity of acid potassium taitiate is carried out hy dissolving a weighed amount 
(2 to 3 "rms ) of the tartar m water and titrating the boiling solution with I^/4-sodium hydroxide solution, using 
veir sensitive litmus paper as indicator; 1 c c. of U'/4-caustic soda solution corresponds with 0 047 grm of 
potassium bitaitiate. Multiplication of the amount of hitartrate by 0 798 yields the coricspoiiding ainoimt of 

^^^Por^international trade, the potassium bitartrate is nowadays estimated by the filtration p/oeess, which largely 
excludes errors due to the presence of tannin substances and other impurities which also react with litmus ; 

2 35 grms of the substance (crude tartar, sludge or lees) aie heated to boiling for 5 minutes wuth 400 c c. of 
water m a 500 e c flask ; ^vater is again added and the whole cooled, made up to 500 c c , mixed and filtered thiough 
a folded filter Ot the filtrate 250 c c aic heated to boiling and titiated with N/4'POtassimn hydroxide solution 
(staadaidised with pure bitartiate), sensitive litmus paper being used as indicator. 

For more exact deteiininatioiis, Kmnmefs oecrystalhMtion method is employed : 

4 7025 grms. of substance (molecular w-eight of taitar divided by 40) are heated to boiling with 30 to 40 c c 
of water in a 100 c c flask, the solution being then neutialiscd with N/4-caubtic soda, of which 1 to 2 c c in 
excess aie added. The volume is made up to 100 c c., and of the filtered solution, 20 c c.aroiendcicd decidedly 
acid "with acetic acid and tieated with 100 c c. of a mixture of alcohol and ether, which separates the potassium 
bitartrate completely m crystals These are collected on a filter, washed with alcohol and ether, icdissolvedm 
boiling water, and titrated with K/20-soda solution. 

JDeteimination of the total tartaric acid This gives the total content of potassium bitartaiate, calcium tartrate, 
and free tartaiic acid. The Golden berg-Geromont hydrochloric acid process, which was formulated as follows at 
the Congress of Applied Chemistry at Turin in 1902, is geneially used : 

Six grammes of the substance are treated for 8 to 10 minutes m a small beaker with 9c.c (for products poor in 
tartar) oi IS e.c (for iichei producth) of cold HCl (sp gr. 1 10), the whole being then washed into a 100 c c flask, 
made up to volume, mixed, and passed thiough a dry pleated filter. Fifty cubic centimetres of the filtiate aie 
hailed for 10 to 16 minutes in a tall 250 to 300 c c. beaker with 5 (or 10) c c of concentrated potassium carbonate 
solution (66 grms m 100 c c of watei), the liquid being then washed into a lOO c.c flask, cooled, made up to 
volume, and filteiocl tlirough a pleated filter Fifty cubic centimetres ot this filtiate are taken to dryness m a 
half-litre dish, redis&ohed m 5 c c of boiling water, and vigorously stirred with 4 to 5 c c of glacial acetic acid; 
when the liquid is cold, 100 to 110 c c of 96 per cent, alcohol aie mixed m, and the potassium bitaitiate allowed 
to deposit. This is filtered under pressure, the dish, rod, and filter being repeatedly washed wnth alcohol. The 
filter and the bitartrate are then washed into the same dish with boiling w'ater, with which the volume is made 
up to about 300 c c. The liquid is then boiled and titrated with 17/4-alkah, the end-point being detoimmed with 
sensitive litmus paper. 

To eliminate the error due to the volume occupied by the impurities in the original flask, 0 7 per cent is deducted 
from the total content in the case of low-grade tartars (containing less than 20 per cent, of bitaitrato) and 
0 7 — (?j X 0*02} m the ease of those containing 20 to 50 per cent , w being the excess percentage over 20 ; beyond 
50 per cent, the correction becomes almost zero. 

^ In many places the viiiasse is placed m vats fitted with false bottoms, steam being passed in below while a 
spray of mot Iior-liquor (red hguois) falls from above ; as many hectolitres of these liquors are employed as theie arc 
quintals of viiiasse. In this manner, the first solution of the tartai is obtained almost boiling and alnio.si satuiatecl , 
it IS puufied by percolating slowly through the vinasse (the steam expels the air and condenses). 4 secoiiil extrac- 
tion gi\es a less completely saturated solution, which ib> utilised for further extractions Finailv, the Miiasse is 
not pressed but is washed with water and a little hydrochloric acid to extract the calcium taitraie, exhaustion 
being then obtained by means of cold water (TaiulVds method). The mother-liquors from the ciystailisation, when 
they become too impure or, m some cases, even after the first crystallisation, are tieated with milk of hme to pre- 
cipitate all the dissolved tartai, while the liquors from the second and third extractions are used for fresh quantities 
of vina&se. 

To obtain puier solutions from the vinasse, to avoid losses occasioned by the presence of hme in the w’ater, and 
to extract calcium tartrate at the same time, Ciapetti exhausts the vinasse with dilute .solutions of siilpliiuous and 
Iiydrosulphuroiis aeid — which do not dissolve the eolourmg-matter.s or the pectic ox albmniiioid siibstances— and 
allows refined, white cream of tartar (!)to crystallise out; the mother-liquors ar<‘. utilised fuither. Odiis method 
was tried in various works, but did not give the results expected, of it. Extraction on the Ciapotti system may also 
be carried out in the series of stills used for the distillation of the vinasse {see later. Tartaric Acid, Gladysz Process). 

The fi'osh vinasse or the deposits, if not to be worked up at once, may be kept for some months if tartaric 
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tion of the cream of tartar from the vinasise contain, in the dry btate, 30 to 60 per cent, of 
potassium bitartrate and 10 to 20 p("r cent, of calcium tartate. 

The ^epnuvj ot crude tartar from vinasbc, lees, etc., is A'ery difficult tvith the poorer 
pioducts, and in practice rich and poor mate rials are often mixed so as to give a content 
of 60 to 05 per cent, vlien a highly rehned tartar is not required. 

The crude tartar or other mixture should first be ground and then sieved to remove 
pieces of wood and other impiiiitie^. In order to destroy certain impui'ities and protein 
siibstdiices and hence hasten the tiltration of the subsequent aqueous solutions, the lees 
or low-quality tartar are heated in revolving iron cylinders until the temperature reaches 
160° to 180°, the loss in weight being S to 12 per cent. It is then introduced into a per- 
forated copper cylinder placed ainioat on the bottom of a large vooden vessel furnished 
with copper or aluminium steam coils. Care is taken not to use an excess of water, which 
would involve waste of fuel, and generally 6 to 8 parts of water are taken per 1 part of 
tartar, A hood is usually fitted over the vessel to carry off the steam from the boiling 
solution. In order to transform the calcium tartrate 2 )resent into potassium bitartrate, 
3 kilos of hydrochloric acid (20 Be.), and 3 kilos of potassium sulphate (previously dis- 
solved m 20 litres of water) are added to the water per kilo of lime (CaO) contained in the 
calcium tartrate {see method of determination given above). The liquid is stirred occa- 
sionally, boiled for an hour and allowed to settle for about a further hour, after which either 
the bitartrate solution is decanted by means of a tap a short distance from the bottom, or 
the whole mass is passed tlirough a filter-press. The liquid is left to cool in a cold place in 
ordinary crystallising vessels, or, better, in copper or aluminium basins, a somewhat impure 
and reddish brovii tartar crystallismg out. Bather purer tartar may he obtained by col- 
lecting the crystals separating while the solution is coohng to 35° to 40°, small crystals 
being ensured by occasional stirring ; the tepid mother-liquors are then decanted and 
crj’stallised in a cold place. 

The brown mother-liquors are used repeatedly to dissolve fresh quantities of the crude 
tartar substances in the hot. The brovui crystals are detached from the cr^^stallising 
vessels by means of suitable spatulas and redissolved, in a wooden vessel similar to that 
previously used (with a perforated bottom for the crystals), in 10 to 12 times their weight 
of water, which is boiled by indirect steam supplied tlirough copper or aluminium coils. 
Decoloration is effected by adding, after half an hour’s boiling, about 1 per cent, of animal 
charcoal (well washed with hydrochloric acid and thoroughly rmsed ; for very impure 
tartar from lees as much as 6 to 8 per cent, of animal charcoal is used.) After mixing 
and an hour’s boiling, about 1 per cent, of kaolin free from chalk {washed with HQ) is 
well mixed in in the hot and the liquid either filter-pressed or left for 2 to 3 hours so that 
the kaolin may carry down ail the suspended charcoal. In some cases the solutions are 
clarified by adding tannin and gelatine (50 grms. of the latter and 250 of tannin dissolved 
separately) after the kaolin and before filtration. The pale yellow, clear solution is decanted 
(the first and last portions, -which are rather turbid, being kept "separate) and crystallised 
in wooden crystallising vessels or in copper or aluminium basins ; in three or four days the 
crystallisation is complete. The mother -liquors are used to dissolve fresh bro-wn crystals, 
since they contain a little free tartaric acid wliieh dissolves many of the impurities better 
than water does, and so results in the separation of purer crystals. After the removal of 
the mother -liquor, the crystals are washed repeatedly with very p-ure water (condensed), a 
trace of hydrocliloric acid being added to the first washing water if the crystals show any 
superficial turbidity. They are finally dried on cloths in a desiccator at 60° with the help 
of a current of air. 

In Trance and also in certain Italian factories, Carles has applied a method of extracting 
the tartar which consists in treating 100 parts of the crude, powdered tartar with 400 parts 
of water at 70°, containing sufficient sodium carbonate to transform ail the potassium 
bitartrate into the highly soluble sodium potassium tartrate (1 : 1*2). This solution is 
decanted or filtered and treated with more than the amount of hydrochloric or sulphuric 
acid necessary to neutralise the soda added ; this leads again to the formation of the 
slightly soluble potassium bitartrate. which crystallises out (9G per cent, purity) on cooling. 
Vinasse is also extracted more readily by this alkaline method. 

fermentation — wliicli would destroy part of the cream of tartar — is prevented, either hy addition of 0*05 per cent, 
of sodium thiosulphate or by maintaining the vinasse stiongly compiessed, under chalk and sand, in wooden vats 
<tartaric fermentation is caused principally by BacUlus Baprogen£$ vim). The yields of tartar and alcohol aro 
determined on a smaU]|q.uantity (5 kilos) of the vmassc in a small Savalle distilling and macerating apparatus. 
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The recent process of Cantoni-Chautems and Degrange (1910) refines the tartar almost 
in the cold and effects a marked economy of chemical products. This method serves well 
also for poor products (20 per cent, lees), which are heated as described above and washed 
first with cold sodium carbonate solution in a series of vessels, next slightly with water, and 
finally, slowly and systematically with dilute hydrochloric acid. 

In the first case, sufficient soda is added to convert the tartar almost completely into 
sodium potassium tartrate, which can be extracted with the minimum quantity of water. 
The treatment with hydrochloric acid dissolves the remainder of the tartar and also the 
calcium tartrate. The amount of the acid used is chosen so that, when the alkaline and 
acid solutions are united, it neutralises the soda first used. The hydrochloric acid solution 
is mixed previously vnth the amount of oxalic acid required to precipitate the whole of the 
lime present m the crude tartar as calcium tartrate, while sufficient potassium chloride is 
added to the alkali solution to transform aU the tartaric acid, existing as calcium tartrate, 
into potassium bitartrate. Mixing of the two solutions in the cold results m the precipita- 
tion of almost all the cream of tartar in a white, highly pure state, and of the calcium 
oxalate. After filtering, the dark mother -liquors are kept for subsequent operations, while 
the solid residue is treated with the calculated (on the solubility of the tartar) quantity 
of water at 90°, a little oxalic acid being added to render the calcium oxalate less soluble. 
The mass is then filtered or centrifuged (if necessary, decolorised with a small amount of 
animal charcoal), the clear liquid, on cooling, depositing refined tartar of a jmrity of 99 to 
99*5 per cent. The mother -liquor is used to uiitiate the solution of further quantities of 
crude tartar, &c. Oxalic acid may be recovered from the calcium oxalate. 

A process which allow s of the conversion of calcium tartrate into potassium bitartrate 
consists in boiling, say, 100 kilos of the calcium tartrate (85 per cent.) with 1500 litres of 
water and 53-5 kilos of potassium bisulphate (or a mixture of 35 kilos of the neutral sulphate 
and 24-6 kilos of sulphuric acid at 60° Be.) for half an hour, decanting and filtering the 
liquid, from %vhich pure potassium bitartrate (up to 98 per cent. ) crystallises on cooling. 

This process is a modification of that of Martignier (Fr. Pat. Nov. 23, 1889), who 
transforms calcium tartrate into normal potassium tartrate by decomposition with normal 
potassium sulphate ; after filtration and concentration and addition of the calculated 
amount of sulphuric acid, the solution deposits potassium tartrate. 

If the cream of tartar crystals are not pure but contain small proportions of calcium 
tartrate, they do not give perfectly clear solutions in water. When the pale mother -liquors 
from the final refilling are somewhat impure, they are used in place of the brown liquor to 
dissolve the crude material, the highly impure brown liquors being used in the manufacture 
of tartaric acid or added in small amounts to the prime tartaric materials. 

STATISTICS AND USES. The exports of crude tartar substances (vat deposits, 
w’-ine lees, &c.) from Italy are as follow: in 1887, 150,000 quintals, worth £1,000,000; 
in 1896, 147,566, and in 1903, 164,000 quuitals. The importation of crude tartar and lees 
amounted to 1424 qumtals in 1887, 3975 quintals m 1896, 2356 quintals in 1902, and 3356 
quintals in 1903. 

The total Italian production of tartar, &c., in 1905 has been estimated at £1,600,000, 
but this is probably in excess of the truth, since the world's production was valued at about 
£2,800,000. Crude tartar and lees pay an export duty from Italy of Is, 9d, per quintal, 
no import duty being levied ; refined tartar pays an import duty of 2s. 2d. Italy con- 
tains about 200 crude cream of tartar works, but only very few manufacturing refined 
tartar. 

In 1905 Germany imported, for refining, 26,000 qumtals of crude tartar, worth £129,600 ; 
26,914 quintals in 1908, and 20,263 quintals in 1909, the exports being 12,250 and 11,535 
quintals respectively. In 1890, more than 51,000 quintals were imported, and in 1896 
about 57,000 quintals, the correspondmg exportation being about 5000 quintals of the 
refined product. France produces annually 61,000 quintals of refined cream of tartar. The 
mports of tartaric acid into England were 1850 tons in 1909 and 2250 tons (£203,365) in 
1910, when the exports were valued at £31,300 ; indOllthe imports amounted to £200,300, 
and the exports to £38,240. The imports of cream of tartar were 3550 tons in 1909 4100 
tons (£307,000) in 1910, and £301,940 in 1911. 

Crude cream of tartar is bought and sold at ll^d, to 14i^^. per unit of strength, and the 
refined at 1<9. Id. or more. 

Cream of tartar is largely used in dyeing, in the bichromate mordanting of fast 
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wool dyes, &c., and m the printing of textiles. Considerable quantities are used m the 
United States for preparing powder which is added to dough to render the bread light and 
elastic ; this powder contains 09 }>er cent, of tartar and 31 ptT cent, of sodium bicarbonate* 
MANUFACTURE OF TARTARIC ACID. This acid is jirepared by decomposing 
its salts (cream of tartar, lees, calcium tartrate, &:c.), the dark mother-liquors and the 
deposits and sludges of cream of tartar factories being most conimonly employed. 

Attempts trere at one time made to liberate the acid from its soluble salts by treating 
these, in hot solutions, with hydrofluosilicic acid, which sejiarates as insoluble potassium 
fiuosilicate, the solution of tartaric acid remaining being filtered, concentrated and crys- 
tallised. The potassium fiuosilicate is treated w'lth calcium carbonate to convert it into 
insoluble calcium fiuosilicate, which \-ields hydrofluosilicic acid under the action of an 
energetic acid. Tartaric acid has also been prepared by treatmg solutions ot its salts wuth 
barium carbonate and then with barium chloride, the latter precipitating the neutral 
potassium tartrate partly formed by the former reagent. 

At the present time, how^ever, the method most commonly used consists m treating 
boilmg cream of tartar solutions with milk of lime or pow^dered calcium carbonate. In this 
w^ay half of the tartar is converted into insoluble calcium tartrate and the other half into 
the soluble normal potassium tartrate, the latter being then separated as the insoluble 
calcium salt by addition of calcium sulphate or chloride : 

2 G 4 H 5 O 6 K -h CaCOs = HoO + COo + C4H406ea + ; 

C4H4O6K2 + CaS04 = K2SO4 -1- C4H406Ca. 


The acid is liberated from calcium tartrate by means of sulphuric acid : 

CAOeCa + H 2 SO 4 = CaS 04 -f 

According to the nature of the materials employed, various procedures are adopted. 

Crude tartar is freed from coarser impurities by passmg thioiigh a wide-meshed 
sieve, heated if necessary (see above), ground to a fine granular condition and jilaced in a 
wooden vessel, wdiere it is treated with 8 to 10 times its w’eight of boiling water. The mass 
is well mixed wuth a stirrer and heated to boiling by a steam jet, mo»t of the tartar then 
dissolving. A paste of calcium liydi'oxide (sieved) is then added until a small portion of the 
liquid gives only slight effervescence wnth calcium carbonate (as a rule, 160 grms. of quick- 
lime, made into a 10 per cent, paste, are required for each kilo of potassium tartrate), the 
mixture being then boiled for 15 minutes. 

In this w^ay calcium tartrate is precipitated, while normal potassium tartrate remains 
in solution. The latter is then precipitated as calcium salt by boiling with a slight excess 
of gypsum or of calcium chloride solution (300 grms. of the chloride per kilo of tartrate 
used) for about tw'o hours ; a little precipitated calcium carbonate is finallj" added to 
precipitate the neutral tartrate as completely as possible. In some cases, however, the 
liquid is left slightly acid to prevent separation of iron and aluminiuni salts. It is, indeed, 
necessary to ensure the absence from the various reagents (lime, chalk, gypsum, &e.) 
of iron, aluminium, and especially magnesium, the latter forming magnesium tartrate, wdiich 
is ultimately foimd as magnesium sulphate in the tartaric acid after the ealcTum tartrate has 
been treated wdth sulphuric acid. The boilmg liquid is kept mixed and is afterwards either 
allowed to cool to 40*^ and decanted or passed immediately to the filter-press ; after 
repeated washings with hot and cold water, the crude, dry tartrate is placed on the market 
and the filtrate either rejected or evaporated to obtain the potassium chloride present. 
But where the calcium tartrate is converted mto tartaric acid, it is not necessary to filter 
and dry it, the tartrate, after the first decantation, being mixed with various separate 
amounts of water, which are drawn ofi when the precipitate settles. The calcium tartrate 
remaining can then be treated in the same vessel with sulphuric acid as described above. 

The procedure is rather more complicated in the ease of wine lees (sediments, sludge, 
&c.), as the tartrate cannot be extracted merely by treatment with wuter and filtration, 
owing to the presence of considerable amounts of mucilaginous protein substances 
(ferments), which impede filtration. The moist lees (drained in bags and pressed) contain 
as much as 8 per cent, of cream of tartar, or, if dried in the sun, stiH more. 

These lees are nowadays worked by the Dietrich and Schnitzer process (1865) : they are 
first powdered and mixed by means of stirrers and then heated for 5 to 6 hours in iron 
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autoclaves (4 metres liigli and 1*4 wide for 15 quintals of lees) at 4 to 5 atnios. pressure, 
direct steam being admitted by copper coils and the air fiist allowed to escape. The albu- 
minoids are thus coagulated together with large quantities of colouring -matters, and the 
mass can then be easily filtered, but before this, it is discharged into a Icad-lnicd wooden 
vessel (holding 10 to 12 cii. metres) containing 3 cu. metres of water and the amount of 
hydrochloric acid (20° to 22° Be.) corresponding with the quantity of tartar previously 
determined (100 kilos of potassium bitartrate require 60 kilos of hydrochloric acid at 
20° Be., or 54-5 kilos at 22° Be.). The mass is well mixed and passed through the filter- 
press, in which it is washed with water. The tartaric acid is then separated from the solu- 
tion as calcium tartrate, as described above. 

Lees may be treated economically and well by the process of Cantoni, Chautems, and 
Degrange described above. 

To utilise the potash salts of the filtrate from the calcium tartrate, A. Alberti (U.S. 
Pat. 757,295, 1910) decomposes the organic substances in the hot with calcium chloride, 
filters and concentrates in a vacuum. 

The second phase of the manufacture of tartaric acid consists in the decomposition of 
the calcium tartrate by means of sulphuric acid {see above) and in the subsequent crystallisa- 
tion of the tartaric acid. 

The calcium salt in the decantation or washing vessels, or as cakes from the filter-presses, 
is broken up and suspended in 5 to 6 times its weight of water in lead-lined wooden vessels 
furnished with stirrers covered with lead and with coils for indirect steam-heating. After 
the liquid paste has been w^ell stirred, the sulphuric acid, previously diluted, is added in 
such amount that, after an hour’s stirring at 60° to 70°, there is still a slight excess of 
sulphuric acid, detectable by the faint green coloration imparted to a solution of methyl 
violet. Too great an excess of sulphuric acid produces blackening of the tartaric acid 
solution during concentration, w'hilst deficiency of sulphuric acid results in the formation of 
turbid, impure tartaric acid crystals ; but w'hen a little free sulphuric acid is present, fine 
shining crystals are obtained. Usually 1 kilo of sulphuric acid at 66° Be. is employed per 
3 kilos of dry calcium tartrate. The solution is boiled for a couple of hours, left to cool, 
and the calcium sulphate w’-hich forms separated by means of a filter-press, washed with 
a little tepid water (this being added to the filtrate), and then wuth much cold water (this 
being used for treating subsequent quantities of calcium tartrate). The tartaric acid solu- 
tions were at one time concentrated in shallow, lead-lined, wooden vessels containing 
leaden steam-coils. But nowadays concentration is carried out in vacuum pans which 
are similar to those described later in dealing with the sugar industry and arc of lead and of 
considerable thickness. 

The liquid is evaporated until it becomes almost syrupy, and is then discharged into 
wooden vessels containing stirrers, which cool the concentrated solution rapidly and thus 
cause the tartaric acid to separate in small crystals. The cold mass is quickly separated 
from the mother -liquor m a centrifuge, the crystals being washed with a fine spray of cold 
water. The mother -liquors are then concentrated until they give crystals, this process 
being carried out three times ; they are finally treated with milk of lime to separate the 
residual tartaric acid as calcium tartrate, which is filtered and worked up with the other 
calcium tartrate. The tartaric acid crystals are dissolved in one-half their w^eight of 
boiling water (if necessary, the solution is decolorised with animal charcoal and filtered) 
and the liquid left to crystallise, the crystals thus obtained being centrifuged and dried on 
sheets of lead m a current of air at 30° ; the mother -liquors are used to dissolve fresh 
quantities of the small crystals. 

The final yield is about 90 to 95 per cent, of the total tartaric acid in the prime materials 
when these are poor (e.gr. lees with 20 to 25 per cent, of tartar) or 97 to 99 per cent, when 
richer prime materials (70 to 80 per cent, of tartar) are used. 

A process still little used but worked successfully for many years in the Monlrcdon 
factory near Marseilles is that of Gladysz (Ger. Pat. 37,352, October 15, 1885), which is 
based on the following observations: (1) When calcium tartrate is suspended in water 
and saturated with sulphur dioxide, soluble calcium bisul|)hite is formed and the tartaric 
acid liberated ; (2) when this solution is heated to 66°, the sulphurous acid is expelled 
and all the tartaric acid precipitated as pure crystallised calcium tartrate ; (3) if in (1) 
potassium bitartrate is used instead of calcium tartrate, potassium bisulphite and tartaric 
acid are formed, and on heating the liquid to 80°, sulphur dioxide is evolved and pure 
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potassium bitartrate separated m a crystalline state ; (4) patassiiiiii tartiatt\ \\lien treated 
with Ccilcmni bisiilpliite, gives potassium bisulphite and calcium bitartrate ; the latter 
separates at lUO^, when tlio potassium bisulphite gives, with lime, calcium bisulphite and 
caustic jtotash, which can also be utilised. 

In practice Gladysz jiroposed to suspend the tartar in lumps in lead-lined wooden 
vessels, and into these — hermetically sealed and arranged in a senes of five or six — to pass 
sulphur dioxide. The solutions (10^ to 12^ Be.) thus obtained are sent to the concentration 
apparatus, which communicates with towers to condense the sulphur choxide {see vol. 
p. 245). Wlieii the latter is completely evolved, the hquid is kept at 125" for a short time 
to separate cr^^stalhne calcium tartrate, which is collected by means of a centrifuge, while 
the solution is concentrated fiudher and allowed to cool m shallow lead-lined %vooden 
vessels to deposit the potassium tartrate. As a rule, however, the hot potassium tartrate 
solution is treated directly with calcium chloride and a little lime, so that it yields msoluble 
calcium tartrate, which is more easily separated. From this calcium tartrate, pure 
tartaric acid is then obtained m the ordinary’' way. Although theoretically no sulphur 
dioxide should be lost in this process, in practice about 15 per cent, is lost in winter and 
20 per cent, in summer. 

The Gladysz process, somewhat modified by Oiapetti, is used in Italy in the manufacture 
of tartar from vinasse, lees, &c. {see p. 338). 

USES AND STATISTICS OF TARTARIC ACID. This acid is used m eoiiMclerable 
quantities to replace the more expensive citric acid in the preparation ot beverages, 
liquors, and aerated waters, and m wine -making. Large quantities are consumed m the 
mordanting of wool and silk, to reduce chromium salts, &c., in the iirintmg of textiles, 
manufacture of dyes, photography, medicine, &c. Refined tartaric acid pays an import 
duty in Italy of Ss, per quintal and m the Umted States and Spam of 25 per cent, ad 
valorem. 

Italy possesses four tartaric acid factoiies : at Carpi, Agnano (Pisa), Barletta, and 
Milan. The last two are the more important, and are able to produce together as much as 

30.000 quintals per annum. 

The world's •production in 1905 -was about 110,000 quintals, ol which Italy produced 
6700 quintals ; England and the Lbnted States, each more than 25,000 ; Germany, about 

15.000 ; France, about 8000 (13,000 in 1910) ; and Austria-Hungary about 10,000 qumtaLs. 
Germany exported 17,000 quintals of the refined acid in 1908 and 19,000 in 1909, in winch 
year the importation was 3240 quintals. In 1909, England imported 18,500 quintals and 
exported 3500. Italy imported 981 qumtals, worth £10,200, in 1902 ; 1050 quintals in 
1905 ; 1658 in 1907 ; 1574 qumtals, worth £15,216, in 1909 ; 2976 qumtals (one-thircl 
from Austria), worth £27,380, in 1910. Exports from Ital^" amomited to 17,000 quintals 
in 1907 ; 19,300 in 1908 ; 15,050, 'worth £141,480, in 1909, and 21,774 quintals, worth 
£195,966, in 1910. In 1907, four Russian factories, worked by a sjudicate, produced 
6000 quintals of tartaric acid and sold it at £20 per quintal. In 1911 the United States 
imported 12,500 tons (£575,400) of tartar. 

In 1904, Argentine imported 950 qumtals, and in 1909, 4650 qumtals. But there is 
now a factory at Buenos Ayres which can produce 3500 qumtals per annum. 

Pure tartaric acid, which formerly cost £14 per qumtal, ivS now sold at £10 to £10 8s. 

ARTIFICIAL TARTARIC ACID. In 1889 a process was patented by Basset, and in 
1891 a similar but improved one Naquet for obtaming tartaric acid from starch (1 to 
5 of water) by saccharifying with an equal weight of hot sulphuric acid (5P Be.), then 
adding double this quantity of sulphuric acid and almost as much sodium nitrate and 
heating at 100°. When the reaction becomes very vigorous, the temperatiu’e is moderated 
and the heating continued at 80° to 90° for 2 to 3 days, the evaporated water being first 
replaced and the liquid concentrated to a syrup when evolution of gas ceases. In this 
manner all the saccharic acid is decomposed ; the sulphuric and oxalic acids are then 
neutralised with calcium carbonate and the tartaric acid subsequently worked up in the 
usual manner by way of its calcium salt. 

One hundred kilos of starch should give theoretically 140 of calcium tartrate corre- 
sponding with 56 kilos of tartaric acid, but in practice the yield of the acid does not exceed 
55 to 60 per cent, of this theoretical amount. 

TRIHYDROXYGLUTARIC ACID, COgH. [CH(OH)] 3 .COoH, should exist in four 
stereoisomeric forms, of W'hich the dextro-, Isevo- and racemic (m.pt. 127'’) conipoiinds 
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are kno%rn. They are obtained by the oxidation of xylose or arabinose, and, on reduction, 
give glutariG acid, their constitution being thus confirmed. 

SACCHARIC ACID, COgH- [CH(0H)]4.C02H, forms ten stereoisomericles, which are 
all known and are closely related to the sugars. Saccharic acid is formed as a rule in the 
oxidation of sucrose, glucose, mannitol, and starch {e.g. with nitric acid). It is deliquescent 
and soluble in water, and when heated or fused is converted into saccJiarone, which is a 
dextro-rotatory lactone melting at about 150°. 

MUCIC ACID, CO2H. [CH(0H)]4.C02H, is the stereoisomeride of saccharic acid which 
is constantly inactive. It is obtained on oxidismg lactose, dulcitol, gum, &c., and forms 
a white powder very shghtly soluble in water. 

KETONIC DIBASIC ACIDS 

Ethers of these acids, like those of /3-ketonic acids (ethyl acetoacetate, &c. ; 
see p. 332), show both ketonic and acid decompositions, and also a new method 
in which carbon monoxide separates. 

MESOXALIC ACID (Dihydroxymalonic Acid), COgH-CO-COsH + H2O or 

C02H*C(0H)2*C0 oH, show's ketonic behaviour in agreement with the first formula, but 
the molecule of water cannot be scjiaratcd from the deliquescent prisms even at 100°, and, 
further, derivatives (esters, &c.), are known which correspond better with the second 
formula, whilst the latter also explains w'ell why mosoxalic acid, when heated with water, 
loses CO2 and gives glyoxylic acid, C02H* CH(OH)2. The structure of the acid likewise 
follows from its formation by the action of barium hydroxide on ethyl dibromomalonatc : 

CBr2(C02CoH5)2 + Ba(OH)2 - BaBrs + C(0H)2(C02C2H5)2. 

Its ketonic constitution is confirmed also by the fact that it gives tartronic acid, 
C07H*CH(0H)*C02H, on reduction. 

OXAL ACETIC ACID (Butanonedioic Acid), COsH-CHg-CO-COsH, is not known in 
the free state, but is formed as ether by condensation of ethyl oxalate and ethyl acetate m 
presence of sodium ethoxide {see Ethyl Acetoacetate). It also splits up in two ways 
according as it is treated with dilute sulphuric acid (giving p3unvic acid, COg, and alcohol) 
or with alkali (giving oxalic and acetic acids). Being a ketone, it forms an oxime. 

The alcoholic solution is coloured dark red by ferric chloride and hence corresponds 
with the enolic form, CgHs-O-CO-CH : C(OII) COgCgHg. This ester, like ethyl aceto- 
acetate, is used in many syntheses, the hydrogen of the methylene group being replaceable 
by sodium, &c. 

ACETONEDICARBOXYLIC ACID (Pentanonedioic Acid), COaH-CHg-CO-CHg- 
COgH, forms crystals which melt at 135°, losing 2CO2, and giving acetone. It is formed 
by the action of concentrated sulphuric acid, in the hot, on citric acid : 

CHg.COgH CHg.COgH 

= CO + H2O + CO 

OHa-COaH CHs-COgH 

Citric acid 

The constitution of citric acid is shown by its formation from acctonedicarboxylic 
acid by the action of hydrogen cyanide and subsequent hydrolysis. 

The hydrogens of the two methylene groups are replaceable by sodium, so that this 
acid can be used in syntheses similar to those effected by ethyl acetoacetate. 

DIHYDROXYTARTARIC ACID, COgHXO.CO-COgH + 2H2O, or, better, 
COgH- C(OH)2* C(0H)2‘ COgH, melts and decomposes at 98° and forms a sodium salt, 
W'’hich is sparingly soluble and decomposes readily into COo, and sodium tartronate, 
C0gH.CH(0H)-C02]Sra. 

It is obtained by the action of nitrous acid on an ethereal solution of pyrocatechol, 
guaiacol, &c,, and also by the spontaneous decomposition of nitrotartario acid. Sodium 
bisulphite converts it into glyoxal, while with hydroxylamine it forms the dioxime 
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corresponding with the diketonic form, With phenYlhj'clrazine-siiIpIionic acid, it forms 
tartrazine, a beautiful yellow colouring-matter largely’ used m dyeing wool and silk. 


Of the higher ketonic acids the following may be mentioned : hydro- 
chelidonic acid {acetonediacetic acid), CO(CH2- CH2* C02H)2 ; diacetosuccinic 

CHiC0*CH3)*C02H 


CH3-C0-CH-C0.H 


acid. 


CH,-GO 


] ; and diacdylglutaric acid, . CO^H 

CU * 002^1 ^ ^ 

the esters of which give rise to tetrahydrobenzene derivatives or, in presence 
of ammonia, to pyridine derivatives. 


G. POLYVALENT TRIBASIC HYDROXY-ACIDS 

ETHANETRICARBOXYLIC ACID, C02H*CH.‘ CH(CO.H)>, and ASYM. 
PROPANETRICARBOXYLIC ACID, COaH* CHo-CH^* CH(C0.>H)2. These 
two acids are stable in the form of esters, but in the free state they readih" 
decompose, liberating GOy and forming dibasic acids. 

TRICARBALLYLIC ACID (Symm. Propanetricarboxylic or Pentadioic- 
3-methyloic Acid), C02H*CH2*CH(C02H)-CHo-COoH. melts at 163^ and is 
very soluble in water. 

It is found in unripe beets and occurs abundantly in the deposits of the 
vacuum pjans of sugar factories. Sjmthetieally it is obtained from aconitic 
acid^ by the addition of hydrogen and from citric acid, which loses its hydroxyl 
group when treated with hydriodic acid. 

Its constitution is shown by its synthesis from glycerol by way of the 
tribromhydrin and tricyanohydrin, CbH5{CN)3, the latter lieing hydrolysed. 


CH.-COoH 

CITRIC ACID, C<??u 

j 

CH2-C02H 

This acid is deposited from its aqueous solutions — if these are not too 
hot — ^in large, rhombic prisms containing IHgO, which is given up partly in 
dry air and completely at 130°. It melts at 153° and at a higher temperature 
decomposes into aconitic and itaconic acids, citraconic anhydride, CO2, and 
acetone. It is readily soluble in water (135 : 100 at 15° and 200 : 100 at the 
boiling-point) or alcohol (53 : 100 at 15° and about double as much in 80 
per cent, alcohol), and to a slight extent in ether (9 : 100). It was dis- 
covered by Scheele in 1784 and studied by Liebig in 1838. It occurs 
abundantly in nature in the lemon (4*5 per cent, in the unripe lemon), orange, 
gooseberry, and other fruits, and in small quantities in cows’ milk, the 
shoots and leaves of the vine, tobacco, and fungi, and as calcium salt in the 
beet, willow, &e. 

Industrially it is obtained by the lime method described later [see p. 349). 
Synthetically it may be prepared from aeetonedicarboxylic acid by the 
action of h5rdrocyanic acid and subsequent hydrolysis. The constitution 
thus indicated is confirmed by its formation from spnm. dichlorhydrin, 
GH2G1*GH(0H)-GH2G1, which on oxidation gives symm. dichloracetone, 

CH-COaH 

1 Aconitic Acid is the corresponding unsaturated acid, C CO 2 H . It melts at 191°, and is readily soluble 

I 

CH2.GO2H 

in water ; it is an energetic acid and is converted into tricarballylic acid by nascent hydrogen. It is prepared 
by heating dry citric acid, winch loses a molecule of water. 

It occurs naturally in the sugar-cane, beet, Aconitum mpeUus, &c. 
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and hence by the introduction of cj’anogeii groups and hj'drolj'sis yields 
citric acid : 


CHaCl 

^0 


CHoCI 


CH-Cl 


C< 


OH 

ON 


C< 


OH 

C0,H 


CHoCl 


GHa-CN 

1<.0H 

pCOaH 

CH,*CN 


CHo-C0,H 


C< 


OH 

CO^H 


CH.-CO^H 


CH2CI CHgCl 

Citric acid was prepared some j^ears ago (Fabrique de produits chimiques 
de Thann et de Mulbouse) by Wehmer’s biological process (Ger. Pat. 72,957 
of 1893), according to which glucose is fermented by certain moulds {Giiromyces 
Pfefferianus and Glaher, and Mucor pyriformis), the yield being about 55 per 
cent, of the sugar. In 1909 E. Buchner and H. Wxistenfeld studied the most 
favourable conditions for the development of Gitromyces citricus, but arrived 
at no practical results. 

When heated for a long time with water, citric acid forms a little aconitic 
acid, into which it is transformed completely by concentrated hydrochloric 
acid. It is readily oxidised to acetone, oxalic acid, and carbon dioxide. 

Like tartaric acid, citric acid hinders the precipitation of the metallic 
hydroxides from their salts by ammonia.^ 


Citric acid is used in large quantities for lemonade and in pharmacy and for effer- 
vescent drinks (citrate of magnesia ) ; it is employed also in dyeing, analysis, &c. In 
normal seasons, the price is about £14 per qumtal. 

SALTS OF CITRIC ACID. Being tribasic, this acid forms three senes of salts, as 
well as two diSerent monosubstituted acids and two disubstituted acids. The alkali 
salts are all soluble m water, almost all of the others being insoluble, although dissolving 
in alkali citrates owing to the formation of double salts ; in such solutions, the metals 
are no longer precipitable by ammonia, phosphates, or alkali carbonates. When heated, 
many citrates give salts of aconitic acid. 

CALCIUM CITRATE, (C6H507)2Ca3 4- 4H2O, If calcium hydroxide is added lo a 
dilute solution of citric acid, no precipitate forms in the cold but one separates in the 
hot. In presence of ammonia, calcium chloride gives no precipitate in the cold, while 
that formed in the hot partly dissolves on cooling but does not dissolve in caustic soda, 
and so differs from calcium tartrate {see p. 336). In moderately concentrated solutions, 
calcium chloride precipitates calcium citrate, although incompletely, even in the cold ; 
in the hot, precipitation is complete. The water of crystallisation is wholly expelled at 
about 200°. 

Calcium citrate is soluble m ammonium citrate with formation of a double salt 
precipitable by alcohol. 

The manufacture and statistics of calcium citrate are considered later. 

BARIUM CITRATE is less soluble m cold water than the calcium salt. 

MAGNESIUM CITRATE, (C6H507)2Mg3, is formed by dissolving magnesium car- 
bonate in citric acid solution. It is used as a purgative and is then prepared by heating 
a mixture of 105 parts of powdered citric acid with 30 parts of magnesium oxide cautiously 
at 100° to 105°, pouring the fused mass on to porcelain tiles and powdering when cold. 
Large quantities of effervescent magnesia are prepared nowadays as a |)urgative and 
refreshing drink by mixing magnesium citrate with sodium bicarbonate and small pro- 
portions of citric acid and sugar, and granulating the mass with addition of a little glucose. 


^ Tests and Reactions for Citric Acid. DemgU* reaction is characteristic and serves to doieet small qnanti 
ties of the acid : the solution is heated to boiling with one-twentieth of its volume of Denvji s’ reagent (a grins 
of mercuiic oxide, 80 c.c. of water, and 20 c.c. of concentrated sulphuric acid), 3 to 10 drops of an api)ioximately 
decmormal potassium permanganate solution being added ; a white, crystalline precipitate is toimed immediately 
even with traces of citiic acid. Clhe reaction is not masked hy the presence of taitaric, oxalic, malic, sulphuric, 
or phosphoric acid, although the amount of permanganate used must then be slightly inci eased. 

The presence of tartaric acid — which is a common adulterant — m citric acid may be dctect('d by the addition 
of potassium acetate, the acid potassium citrate thus formed being readily soluble, whilst aeid potassium taitratc 
IS only slightly soluble. Minimal quantities of tartaric acid may be also detected as lollows' ] gun. of the 
powdered substance is heated for a few minutes on the watei-bath with 1 c c of 20 c.c. ammonium molybdate 
solution and a few drops of 0*25 per cent, hydrogen peroxide solution ; in presence of even 0 001 grm of tartaric 
acid, a bluish coloration is obtained. The presence of oxalic acid is easily discovered, since in the cold and in 
an ammoniacal solution calcium oxalate is insoluble, whilst calcium citrate is soluble. 
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Citric acid and, to some extent, magnesmin citrate are often adulterated tvitli tartaric 
acid, wliicli IS cheaper. 

CITRATE OF IRON is obtained as a dark red loiloidal solution by dissoUing ferric 
hydroxide in cold citric acid solution. Such solutions of diiierent concentrations give, 
on heating, various citrates of iron which are soluble in aninionmm citrate and more 
or less soluble in watcn’, and have been studied in recent years in relation to their colloidal 
character. 


CITRUS INDUSTRY 

Citric acid is manufactured from tlie juice of lemons jielded especially b}' the following 
three plant species: Cdms limonltun^ C tints henjamla {bergamot)^ ^\\d Citnts Umetta (or 
wild lemon cultivated by the English m Guiana and the East Indies). Lemons are 
cultivated most extensively in Sicily and Calabria and to a considerable extent also in 
Spam. The cultivation is of httle importance in Greece, the Sandvcich Islands, and the 
East Indies, but is rapidly mcreasing in Australia. During recent years the production 
of oranges and lemons has made rapid strides m California and in Florida,^ where it is 
already about double that of Sicily. It is pleasing tu note that plantations of oranges 
alone are being more and more largely replaced by those of lemons. 

Only the refuse lemons (one-fourth of the total production) are used for the manu- 
facture of citric acid, as they cost only half as much as the picked fruit. 

The first operation to which the lemons are subjected is peeling, a workman removing 
the peel with tiiree cuts of a knife, cutting the lemon in two and throwing it into a tub ; 
the peel is collected separately for the preparation of essence. A skilled operative can 
peel more than 4000 lemons a day. From 8000 lemons, pressed in a suitable press, 
600 litres of juice, containing 4-5 to 6 per cent, of citric acid, are obtained ; only 9 to 
10 per cent, of the total acid exists as calcium citrate.*-^ The juice does not keep well 

^ The lemon orchards m Sicily are fomul e^^liee^ally on the cuairt tium Palmmo to Cefaln (aboni one-fifth of 
the total production of lemons and oranges') and on the coast near (moie than double that of Palermo- 

Cefalu), usually on irrigated lands, but sometimes iii cool noii-iiiigatcd di-tiicts Ihe stuchs are obtained iroia 
the seed of the wild orange (called bj' the Sieiliaua. anintio ayio, or soui oiangc;. The plants from these seeds 
are planted out in the oichaids in their third yeai and aie idactd tiom S to u metres apart, accoidmg to the 
nature of the soil, to the wind, and to custom. After a ycai the stock is giafted fium an adult plant. Fructifi- 
cation occurs after a further three yeans and reaches its maximum in ten > 0 ^=? The fiowenng of the lemons 
on th*^ same plant is progressne and lasts the uhole oi May ; irom the latter half oi Jmie to the beginning of 
October the plants are \^atered every fortnight. The maturation of the fiuit is giadual from November to the 
end of Apiil and the har^est is gatheied in three poneds, the best fruit being those of the middle one — Beeember 
to February ; the last fruit, plucked in April and the beginning of May, aie poorer in ^uice and thicker in the 
peel. In the coast district of Messina, the harvest finishes at the begimiing of March. 

Lemons have also been foiced in Sicily during the past feu years, the highly valued summer fruit being thus 
obtained ; these aie called letdelh (high quality) and bumcheiti (lower quality). In tins case the plants are not 
watered duiing Jmie and July, the leaves withering and all the young fruit lalliLg. In August, uaterin ahim- 
danco is gnen at internals, and sodium nitrate apphed a& fertiliser. The plant then suddenly becomes very 
vigorous, and in a feu da\s is covered with new flouers, the fruit npenmg laindly from the end of May to the 
close of the summer, and that gatheied in June or July being of the highest quality. Such plants give an increased 
crop, especially if manuicd, and the fruit commands more than double the ordinary puces. This procedure is 
foUoued m orchards where the soil is not moist and can be left to dry completely and where the lemons are not 
alternated with oranges or other crops requiring watering. 

Under favourable conditions, a good lemon plant should yield on an aveiage 1000 lemons a year (some very 
large plants g*ive several thousands). The price varies corsideiably, 8s, to 10s. per 1000 being paid for the fruit 
on the tree and a«5 much as 24s, for the gathered fruit ; forced lemons cost at least 20s. per 1000, the price in 
1907 exceeding 40s. The cost of gatheimg, packing, and freight to the port vanes from Is. 7d to Js. 2d, per 
1000. The nfim lemons, uhich form about one-fouith of the crop (or more if the demand for lemons is small), 
cost about half as much as the other fiuit (5s. to 6s per 1000 on the average), although on rare occasions the 
price reaches 8s , and in 1908, at the height of the crisis, it fell to 2s per 1000. 

® F}€sh lemon ‘juke contains also 7 to 9 per cent, of glucose, 0 2 to 0 S per cent, of saccharose (according as 
the lemons are sour or iipe), ceitam extracts e, gummy, and pectic substances (about 0 2 pei cent, for ripe and 
0*8 per cent for unripe fiuit), and about 0 5 to 0 7 per cent, of moigamc salts. The presence of these substances 
renders it impossible to crystallise the citric acid merely by concentrating the juice, even \vhen all the glucose 
is transfoimed into alcohol (5 to 6 per cent ). So that, even at the present time, the citric acid is separated by 
Scheele’b classical and lather costly process, accoidmg to which it is first con\ei'ted into calcium citiate. The 
high price of fuel has prevented the establishment of the citric acid industry in Sicily, and the preparation 
of the acid has been monopolised foi a long time by England and, at the present time, largely by Germany. Both 
these countries receive the raw material from Sioily, to a small extent as lemons packed m barrels containing 
sea-water, partly as concentrated juice {agto coiio), but mostly as calcium citrate. 

In consequence of the development of lemon-growmg in Spam, and especially in California and Australia, 
and also owing to an agreement entered into by the manufacturers of citric acid, the condition of the Sicilian 
growers became so critical that in 1903 the Italian Minister of Agiieulture offered a prize of £6000 for improve- 
ments in the industry or new processes of value to the culti\ators. This sum was largely wasted by Commissions 
who achieved nothing or by rewarding certain fa^oiued individuals However, at the end of 19U4, Professor 
Bestuceia, of Messina, announced to the Government the discovery of a process for the direct extinction of citric 
acid by simple concentiation of the juice, jb which was previously added a trace of a substance— the nature of 
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{better if pa^teiiriMnl at 0:r to ra=), and is usually concentrated at once in open pails 
■with duvLt-tire lieatina until tiiL ^p^^eitic gra%"ity reaches 60*^ on the citrometer (1*2394, 
or*2S^ Be.), and the product rt*preM*nts a biackl^h decoction containing 300 to 400 gims. 
of citric acid per (tiiat fioin the biTgamot of Calabria and Messina contains 300 grms., 
while that produeed in the SandWioli Islands and iii the Bepiiblic of Dominica from 
lemons of the liiiietta spec it > has a density of 1*32 and contains about 5^5 grms. of citric 
acid per litre). The boiling decoction is passed through a cloth and is collected in casks 
for transport. 

The commercial value of the juice {agro cotto) depends on the content of citric acid, 
and IS determined either by diluting the juice and titrating ■with normal caustic soda 
or by precipitating in the hot as calcium citrate and weighing the latter. This estimation 
is preceded by a qualitative exanunation to ascertain if salt has been added to increase 
the specific gravity (test with silver nitrate in presence of a little nitric acid) or if sulphuric 
or liydroeliloric acid iiav- been added to raise the degree of acichty (test ■with silver nitrate 
or barium chloride in presence of a httle nitric acid). 

Ill the large modern factories, the juice is treated in almost the same manner as in the 
manufacture of tartaric acid (^ee j). 341) : into 100-heetol. vessels provided ■with stirrers 
and cold-water coils are placed 20 hcctols. of concentrated juice and 80 hectols, of water, 
the liquid being then well mixed for thirty minutes and allowed to ferment, the glucose 
being thus converted mto alcohol and the juice clarified. By passing very cold ■water 
through the coil the temperature of the liquid is lowered to 5°, and a large part of the 
dissolved and suspended extractive and mucilaginous matters separated ; in presence 
of a little tannin, thc'-e matters coagulate and do not rcdissolve (50 litres of sumach 
extract at Be. are suflicient, the liquid being stirred for 15 to 20 minutes immediately 
after the addition). The solution is then passed to the filter-presses and thence into 
20-hectoL wooden vats or into brickwork vessels similar to the preceding ones, but 
provided with perforated coils for direct-steam heating. The boiling liquid is now 
neutralised exactly tnth dense milk of lime or with powdered calcium carbonate. The 
latter causes frothing and sometimes overflow of the liquid, but precipitates a purer 
calcium citrate, the hydiuxide thro'inng down many pectic and colouring matters. For 
every 100 kilos of citric acid pre.'-ent (titrated) 45 kilos of quicklime (57 of slaked lime 
or SO of the carbonate) are added. After stirring -while hot, the insoluble tricalcic citrate 
— -i^vliicli fc/rms immediately — m passed at once through the filter -presses and washed 
virh very hot water for ten minute<, with tepid water for ten minutes, and -with cold 
water for five nimutes. In Sicily, calcium citrate is prepared in a primitive method (with 
slaked lime often containing magnesia, -which jaelds soluble magnesium citrate, this 
being lo-'t) and i> sold cky watli a content of 64 per cent, of citric acid. 300 kilos of calcium 
citrate of this strength require, on the average, 100,000 lemons, the peel of which yields 
37 kilos of essence selimg at ChS. M, per kilo. The total cost of manufacturing caloium 
citrate and esbeneo from 100,000 lemons is about £10. The cakes of calcium citrate 
from the filter-presses are mixed m a 20-hectoL lead-lined vessel with 15 hectols. of cold 

v^hidh lie did not revoai (picric acid i) — and a little animal charcoal But this process only led to further waste 
of money. 

In 1910, Peratoner and Scarlata suggested the following new process for extracting the essence and citnc 
acid from the lemons directly, without conversion of the acid into the calcium salt. The juice obtained by 
squeezing the minced lemono in hydraulic presses is partly distilled in a vacuum on a water-bath at 60° to recover 
the essence and then concentrated in vacuo at 70° until it acquires a syrupy consistency (one-tenth of the original 
Weight). When the syvup is cold, all the citric acid is extracted by treatment with a mixture of alcohol and ether, 
in which many of the impurities are insoluble. The alcohol and ether aie recovered by distillation, and the 
residue diluted v;itli a little water, filtered, and concentrated in vacuo ; after standing for twelve to twenty-four hours 
it sets to a jellouish led crystalime mass which, after defecation and decolorisation in the ordinary way (animal 
charcoal, ttc ), gives pure colourless crystals, the yield being 60 to 70 per cent. The remaining acid can be 
separated from the motber-Iiquoi as citrate. 

In spite of the favourable opinion expressed by Professors Garelli and Paternd, this process does not seem to 
hav e been applied i ractieaJiy. 

ireanwhilo the cn-ns in the industry, vtinch had appaiently lessened as a result of the good crops and prices 
of 1906 and 1907, became aggravated m 1908 owing to the diminished demand for lemons, to the American 
crisis, to the agrecineiit between the piodueers of citric acid to limit the amount of raw material required — ^thus 
loisenng prices and exiiaubting the usual stoclss of treated products — ^aud, finally, to the abundant production, 
since lefuse lemons did not sell for 2s, Qd per 1000 at the beginning of 1908 and did not pay for gathering. 

Various measures have been taken by the Italian Government to protect the citric acid industry in Sicily, 
but it should be possible, in the present advanced condition of technical chemistry, to develop this industry 
without such aid. The sulphuric acid required is now made in Sicily itself, and by the use of multiple-effect 
evaporating plant, the consumption of coal may be reduced to a minimum. In 1911 a largo citric acid factory 
was erected in the vicinity of Palermo by the firm of Goldenbeig, fiom Winckel, near "Wiesbaden (see later). 
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water, the lime of the citrate being then neutralised exactly with dilute sulphuric acid 
(1:5) (with 100 kilos of citric acid in the juice coirespund 400 kilos of thl^ dilute acid ) ; 
a slight excess of sulphuric acid is always added, since the presence of unaltered calcium 
citrate would hmder the crystallisation of the citric acid. 

The acid is added in portions at the rate of 5 litres per minute, the lit^uid being kept 
well mixed and direct steam applied through a jierf orated leaden coil. The mass is boiled 
for ten to fifteen minutes, the steam then suspended and the whole mixed for thirty 
minutes. The calcium sulphate is then removtd by means of a filter -press and is washed 
with 200 litres of boiling water, whicli is added to the fir,'>t filtrate, and then with cold 
water, which is afterwards used for treating fre^li calcmm citrate. The citric acid solutions 
from the filter-presses contain only minimal rpiaiitities of sulphuric acid and certain 
blackish extractive matters. Concentration of the solution was formerly carried out in 
lead-lined wooden vessels, 4 metres long, 2 metres wide, and 25 cm. deep, containing 
closed steam coils. Evaporation should be rapid and the temperature should never 
exceed 65° to 70°. When the liciuid reaches 46° ("p. gr. 1-3), almost all the ealchmi 
sulphate previously remaining in solution separates ; the clear liquid is then siphoned 
into a similar vessel underneath, the concentration beiim cuntmued until a crystalline 
skin forms at the surface of the licpucl, which is next tran^-lcrred to wooden crystallising 
vessels, 2 metres x 70 cm. x 20 cm. (deep) ; the inner surface is iJolL'^hed with plumbago. 
After two days, the dark brown mother -liquors are removed and the yellowish brown 
crystals centrifuged. In order to separate traces of dissolved iron from the mother- 
liquor, this is treated with a little potassium ferrocyanide and filtered ; two or tliree further 
crops of dark-coloured crystals are obtamed, the very daik inother-iiqitor finally obtained 
being added to fresh lemon-juice. 

In modern factories the eitrie acid solution, freed from calcmm sulphate by filter- 
pressing, IS concentrated in vacuum apparatus, just as m the sugar and tartaric acid 
industries. In this W’ay, the temperature does not exceed 60° to 65° and with a triple- 
effect apparatus, not oifiy rapidity but aLo economy of fuel is attamed (^ee vol. i, p. 442, 
and also section on Sugar). 

The brown crystals jSrst obtamed are refined and decolorised by dissolving them in 
rather more than double their weight of w’ater and boiling the solution with animal char- 
coal previously treated with hydrochloric acid and with other substances, as already 
mentioned in considering the refining of tartaric acid (p. 342). 

In ail the washing and refining operations, pure water with little hardness is ahvays 
employed. 

STATISTICS AND PRICES. The production of oranges, lemons, &c., in Italy 
(Calabria and Sicily) is as follows : 


In the five years 1891-1895, 2-60 thousand millions of fruit j>er annum 
,, „ „ 1896-1900, 3*72 ,, ?? » ?? 

„ „ „ 1901-1905, 5 „ j5 » 

„ year 1907^ 6 „ » ?? « 

In 1909, Italy exported 1,109,000 quintals of oranges and 2,560,600 quintals of lemons 
(£920,000), and in 1910, 1,204,300 quintals of oranges (£481,720) and 2,670,000 of lemons 
(£929,840). 


14,428 quintals of agro cotto 

, value £36,360 in 1903 

21,448 


„ £54,050 „ 1904 

12,000 


„ £35.520 „ 1905 

6,000 „ „ 


„ £18,000 ,. 1907 

7,500 „ 

9> 

„ £22,000 „ 1908 

1,000 „ 

>> 

„ £3.200 „ 1909 


As the exportation of a^ro cotto diminished, that of calcium citrate (in casks called 
'pipes, holding 305 kilos) increased as follows ; 

^ Wlule in other years the picked lemons for use as fruit sold for 12s. or even :16s. per 1000 (t.e. ^ 

about 125 kilos), and the forced fruit for as much as 22s , the quotations in July 3908 were as foOov . npe lemons 
(gathered in winter and spring), 5s. 4d to Ss. per 1000 ; veidelli, 17s. Gd to 20s, ; bianchetti, 8s. to 10s. , for 
pressing, 2s. to 2s. id. 
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1903 

. . 32,793 Quintaltj, value £136,160 ; mean price. 

925. per quintal 

1904 

. . 54,310 

„ £221,240 ; ,, 


1005. „ „ 

1905 

.. 41.259 

„ £181,520 ; „ 

5? 

1085. „ „ 

1906 

. . 51,498 

„ £227,800 ; „ 

5? 

1365. ,, jj 

1907 

.. 61,684 

„ £444,120 ; „ 

5? 

1605. „ „ 

1908 

. . 77,101 

„ £400,920 ; „ 

I? 

1205. „ „ 

1909 

. . 23,800 

„ £123,808 ; „ 


1005. „ „ 

1910 

. . 64,755 

„ £414,400 ; „ 


1275. „ „ 


In 1909, on account of the ctlsls ui the industry, exportation diminished considerably , 
and the price fell as low as SLs. per cpiintal. 

The calcium citrate i exported \^eiit to the following countries : 



1905 

1906 

1907 

1908 

1909 

1910 

Austria-Hungary . 
Belgium 

Erance. 

German^^ 

England 

United States 

Quintalb 

1,900 

2,400 

10,000 

1,200 

8,800 

15,600 

Quintals 

600 

2,600 

15,300 

1,900 

9,400 

21,000 

Quintals 

1,340 

3,930 

20,700 

2,150 

10,000 

21,400 

Quintals 

3,371 

2,678 

20,915 

2,854 

12,877 

24,147 

Quintals 

701 

560 

6,874 

508 

3,834 

10,400 

Quintals 

2,142 

1,723 

14,203 

2,125 

13,097 

24,488 


In 1903, 281 works in Calabria and Sicily for the preparation of agro cotto employed 
a total of 4000 workmen and 240 h.p. 

The annual production of refined citric acid in Europe varies from 35,000 to 40,000 
quintals and the price from 2165 . to 2805. per quintal. In general the price rises and 
falls with that of tartaric acid, the difiFerence between the prices of the two acids being 
due to the different degrees of acidity (3 carboxyls in one case and 2 in the other) and 
molecular weights (152 and 192). 

In 1897 Germany imported 2350 qumtals and exported 1070 quintals 
„ 1902 „ „ 3060 „ „ „ 1630 „ 

„ 1905 „ „ „ » » 3793 „ 

„ 1909 „ „ about 1926 „ „ „ 3668 „ 

Germany also imported 3600 quintals of lemon -Juice in 1908 and 1700 quintals in 1909. 

Italy imported about 1140 quintals (600 from Germany) of citric acid in 1907 ; 1644 
in 1908 ; 1437 (£9268) in 1909 ; and 1094 in 1910 ; the exports were only 10 quintals 
in 1909. The import duty in Italy was formerly 85 . per quintal, but was raised m 1909 
to £2 to protect a large factory, with £40,000 capital, erected in 1910-1911 near Palermo 
by the of Goldenberg, which also makes sulphuric acid and tartar products. The 
first certain result of this procedure will be to raise the price of citric acid in Italy by 
£2 per quintal, while Italian citric acid will be much cheaper in other countries than 
in Italy. 

In Austria there are two citric acid factories, which, in 1906, imported 544 quintals 
of calcium citrate from Sicily, 1450 from Turkey, and 4356 from Greece. Erance has 
two factories, these importing 18,113 quintals of Sicilian calcium citrate in 1906. In 
Germany there are nine citric acid works and four of pure citrates, 13,180 quintals of 
Sicilian calcium citrate being imported in 1908, In England there are ten works, almost all 
in London. The United States have three very large factories which produce more than 
10,000 quintals of citric acid and import also a certain quantity from Europe, although 

^ M. Spica (1910) lias suggested a simple, rapid, and exact method for the analysis of calcium citiate, the 
content of citric acid being obtained from the volume of caibon monoxide generated when the citrate is heated 
with concentrated sulphur ic acid. 2 gims. of the citrate, moistened m a flask on the water-bath, are treated 
with 25 c.c of concentrated sulphuric acid. By means of a current of carbon dioxide, all the carbon monoxide 
is driven into a nitrometer similar to that illustrated in Big. 16 (p. ^0), the carbon dioxide being absorbed m 
caustic soda. Each c c. of CO at 0® and 760 mm. corresponds witli 0 009407 grm. of citric acid, CeH^O, jUgO ; 
the method cannot be used with citrate adulterated with oxalate or tartrate. 
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the preteclive duty is 635. per qimitul ; ealciuin curate, wliich is all imported, is free 
ti-ODi duty. 

or the* HIGHER POLYBASIC HYDROXY- ACIDS the following may be mentioned : 
desoxdliL rcd'rK 002H- CH(OH)* C(OH){C02H)2, wliicli forms deliquescent cryotals and, 
on boiling -with water, loses CO 2 and gives uvic acid ; hydroxycltrlc acid (dihydroxytri- 
carballylic acid), C 3 H 3 ( 0 H) 2 (C 02 H) 3 , found in the beet ; acetonetricarhoxylic acid and 
various acids which contain tour, five, or even more carboxyl groups and are of synthetic 
and not oi natural origin. 

IV. THIO-ACIDS AND THIO-ANHYDRIDES 

These may be regarded a^ acids or anhychades in which an oxygen atom is replaced by 
sulphur, as in THIOACETIC ACID (Ethanthiolic Acid), CH3 • CO -SH, winch is obtained 
by the action of phosphorus peiitasulphide on acetic acid and is a colourless hqiiid boiling 
below lOU^, givmg an odour of acetic acid and hydrogen sulphide ; these two compounds 
are also formed by the action of water on the acid. ETHANTHIOLTHIOLIC ACID, 
CH 3 -CS-SH,is a chthio-acid, and ACETYL SULPHIDE, (CH3-CO)3S, a thio -anhydride! 
The esters corresponding with these acids, e,g. ETHYL THIO ACETATE, CHs-CO-SCoH^, 
a liquid boiling unchanged and pelding the acid and mercaptan on hydrolysis, are also 
known. 

V. AMIDO-ACIDS, AMINO-ACIDS, IMIDES, AMIDINES, THIOAMIDES, 
IMINO-ETHERS, AND ANALOGOUS COMPOUNDS 

A. AMIDO-ACIDS (AMIDES) AND DERIVATIVES 

Like the amines {see p. 200), the amides may be regarded as derivatives 
oi ammonia, the hydrogen atoms of which are replaced, not by alkyl, but by 
acid radicals. 

There are thus prhnary, secondary, and tertiary amides, which are obtained 
by the replacement of one, two, or three atoms of hydrogen, and are sharply 
distinguished from the amines, as they are readily hyebolysed by alkali, acid, 
or superheated water, giving ammonia and the corresponding acids. They 
are generally crystalline substances soluble in alcohol or ether, and the 
lower members, especially of the primary" amides, dissolve also in water. 
Their boiling-points are much higher than those of the corresponding 
amines. 

Amides are also known in which one or two atoms of the ammoniacai 
hydrogen are rej)laced by alkyl radicals, i.e. alkylated amides, e.g. ethyl- 
aceta7nide or acetylethylamine, CHg-CO-ISrH* and dimethylacetamide, 

CHg-CO-NlCHg)^, from which, on hydrotysis, only the acid is separated, 
the alkyl residue or residues remaining joined to the amino-group, forming 
noii-h 3 ’'drolysable amines. 

PREPARATION. (1) By dissolving an alk^d cj-anide (nitrile) in con- 
centrated sulphuric acid, either vith or without concentrated acetic acid, 
concentrated h^'drochloric acid or hj^drogen peroxide, a molecule of water 
is added: CH 3 * ON + HgO = CHg-CO-NHa. By heating acids or anhj"- 
drides with nitriles, secondary or tertiaiy^ amides are formed. 

(2) The action of ammonia solution or solid ammonium carbonate on 
acid chlorides yields primary amides, whilst, if the ammonia is replaced by 
an amine, an alkylated amide is obtained : 

CHs-CO-Cl + 2 NH 3 == + CHg-CO-lsrHa 

CHs-CO-Cl + 2NH2-C2H5 = HCl -f CH^-CO-NH-OsHs. 

Ethylauune hydjocliloride Etli:vlacetamide 

On the other hand, the anhj^drides give, with ammonia, the primary 
anhydride and an ammonium salt. 
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(3) By heating animoiiium salts of the fatty acids in closed vessels at 
about 250'', primarj' amides are formed : 

CHs-CO^NH^ = HoO + CHs-CO-NHo. 

Properties, rnlike the amines, the amides have only a very feeble basic 
character, oviiig to the presence of the negative acid radical, and only the 
primary ones give additive products with acids, e g. CH3 • CO * NHg? HCl, 
acetamide iivdrochloride, which is decomposed even by water. Also certain 
sodium and mercuric derivatives are knovm, e.g. (CH3’CO*NH)2Hg, which 
exhibit the amides as feebly acid compounds, one of the hydrogen atoms of 
the aniido-group being replaceable by metals. 

With nitrous acid, amides react similarly to primary amines, giving the 
acid and liljerating nitrogen : 

CH^-CO-NH. + NOoH = H,0 + + CHs-CO^H. 

Removal of water from primary amides by means of phosphorus penta- 
chloride or pentoxicle results in the formation of alkyl cyanides (nitriles). 

By the gradual action of bromine in presence of alkali, the corresponding 
amine with one less carbon atom is finally obtained, while urea derivatives, 

yrTT r^ociT 

such as mdhjJacdiihirea. formed as intermediate pro- 

ducts, these being decomposable by excess of alkali , an intermediate bromo- 
eompoiimb e.g. acdohromamide. CHg-CO-NHBr, is also formed, this giving 
the amine with liberation of CO> : 

CHy CO-NHBr + KOH = KBr + CO2 + 

When, how'ever, the acid residue contains more than five carbon atoms, 
the nitrile is obtained instead of the amine, W’hich is acted on by the bromine : 
C/,H^,j^i*CH2*NBr2 = 2HBr + Since the nitriles can be con- 

verted into the acids containing one less carbon atom than the amides from 
which they originate, it is hence possible to pass gradually from higher acids 
to more and more simple ones. 

The ready hydi'olysability and the methods of formation of amides confirm 
their constitutional "formula, X-CO-NHa. But with the alkali salts, the 
existence of the isomeric modification, X-C(OII):NH {see Tautomerism, 
pp. 17 and 330) is a-^isiimed, but if the hydrogen of the hydroxjd or amino- 
gioup is replaced by an alkyl residue, no tautomerjc forms occur, only true 
structural isomerides, X- CO* XHR and X* CfOR) : NH. The latter are termed 
imino-cthers and are derived from the h\"potheticai imino-hydroxides of the 
acids, e.g. CH3-C(OH) : XH. They are prei>ared by the action of a nitrile 
on an alcohol in presence of gaseous hyckogen chloride ; thus, with HOX, 
the hydrocMorlde of formiminic ether, 011(002^5) :NH, is obtained as a white 
powder. 

It is woilhy of mention that Effront decomposes amino-acids on an 
indii'^trial scale by means of special ferments so as to obtain fatty acids and 
ammonia from them (r^ee pp. 155 and 288). 

FORMAMIDE (Methanamide), H-CO*NH 2 , prepared as described above, is a liquid 
wlueli IS soluble in waiter and alcohol, boils at 200*^ with partial decomposition, and gives 
ammunici and carbon monoxide when rapidly beated ; with it yields HCN, and 

with chloral, an additive product, chloralamide, wiiich is used as an antiseptic and hypnotic. 

ACETAMIDE (Ethanamide), CHyCO-NHo, forms needles melting at 82° and boils 
at 222°. Diacetumifle^ (CHg-COjaXH, melts at 78°, boils at 223°, and is obtained by 
heating acetamide with acetic anhydride. * 

OXAMIC ACID, COoH'CO'NHg, is the monamide of oxalic acid and is obtained 
as a white, crystalline powder, shghtly soluble in cold water, when ammonium oxalate is 
heated. 
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OXAMIDE, NH2’C0*C0‘NH2, is the diamide or normal amide of oxalic acid, and 
is obtained by the partial hydrolysis of cyanogen or by distillation of ammonium oxalate. 
In appearance it closely resembles oxamic acid and it is insoluble in water or alcohol 
and is readily hydrolysed ; elimination of water (by P2O5) from it leads to cyanogen. 

SUCCINAMIC ACID, C02H*CH2-CH2*C0*HH2, is analogous to oxamic acid, and 
succinamide, NIl2-C0’CH3*CH2*C0*XH2, is prepared similarly to oxamide, to which 
it is analogous ; succinamide crystalhses from water m shining needles, and decomposes 
at 200° mto ammonia and suecinimide. 

Of the amides of hydroxy -acids^ only the following need be mentioned : 

GLYCOLL AMIDE, OH*CH2*CO-NH2, which is obtained by treating the ester of 
glycollic acid with ammonia or, better, by heating ammonium tartronate at 150°, melts 
at 120° and has a sweet taste. GKie diglycollamides, XHg-CO* CHs-O-CHs-COgH and 
(0H2*C0*E'H2)20, are also knoTO, the latter, on heating, giving ammonia and Ugly- 

collimide, which melts at 142° 

MALIC ACID, C02H*CH3*CH(0H)-C02H, forms two amides by means of its two 
carboxyl groups, an amine by means of its alcoholic group (aspartic acid), and also an 
amino -amide (asparagine). 

MALAMIC ACID, NH2*C0*CH2*CH(0H)*C02H, is known best as its crystalline 
ethyl ester, which is formed by the action of ammonia on an alcoholic solution of ethyl 
malonate. 

MALAMIDE, NH2*CO*CH2-CH(OH)*CO*NH2, is formed by the action of ammonia 
on ethyl malonate in the dry state. 


B. IMIDES AND IMINO-ETHERS 


Attention must be drawn, not so much to the secondary amides (in which 
two hydrogen atoms of ammonia are replaced by two acid residues, in 
diacetamide, (CHo- CO)oNH, v^hloh contains the iminic group, NH) or to the 

0 

corresponds the 

NH2 


tautomeric form of the primary amides (with X-Cv 


.OH 

isomeride X*C^ , 


w^Mch is well kno'wn in the form of imino-etliers, X • 



or, in the case of the 


imidoTiydrin of glycollic add, OH-CHg' 


/OH 

CC > hi the 


free state) as to the imides of certain dibasic acids. 

COv 

OXIMIDE, j /NH (perhaps with the double formula), is formed on 

elimination of water from oxamic acid (by PCI5). 

CHa-COv 

SUCCINIMIDE, j /NH, is obtained by heating succinic anhydride 

CH-gCO^ 

in a current of ammonia or by heating the diamide or rapidly distilling mono- 
ammonium succinate, as has been mentioned on p. 306, where the reason was 
given for the ready formation of the closed-riug internal anhydrides. 

Suecinimide melts at 126^ and boils at 288°, crystallises with IHgO and 
exhibits the characters of an acid, the iminic hydrogen, influenced by the two 
carboxyl groups, being replaceable by acids. On the other hand, when they are 
treated with alkali, these imides gives the amides from which they originate, 

CHg-GOv^ CHa-COgH 

a molecule of water being added : I /XH + ^ 2 ® 1 * 

CHa- CO^ CO • IfEL^ 

It is interesting that, when suecinimide is distilled over zdne dust, it jieMs 
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pyrrole, 


CH : CH. 

[ /NH, "n'Mle, if it is heated in alcoholic solution with sodium 

CH : CH'"^ 


CHo-CHox 

(reduction), it gives Pyrrolidine, ; /NH. 

CHvCH/ 

CHa-CO 

AlsoPhenylsuccinimide(Succinanil), | ^N-CeHs, is kno\vn and its 

vaiious tran.'f(>rmations confirm the sj-mmetry of its own structure and 
consequently aLo that of succinimide. 

GLUTARIMIDE, >NH, is obtained by distilling ammonium 

glutarate ; it melts at 152’ and gives a little pyridine when heated with zinc 
dust. 


C. AMINO-ACIDS AND THEIR DERIVATIVES 

In the amino-acids, it is the hydrogen m direct union with carbon that is 
replaced by the NHa-group, the carboxyl group remaming intact, so that 
these compounds have both acidic and basic functions and can hence be readily 
separated from other substances, since after the carboxyl is esterified, salts 
such as the hydrochlorides of the amino-group are formed. 

These substances and their derivatives are of considerable importance in 
animal and vegetable physiologj’, since they are found among the products 
of the gradual srathesis and decomposition of the proteins in the living 
organism ; they are also of interest theoretically, as they form intermediate 
products in various chemical syntheses. 

The o-aniino-aeids are readily obtained by the action of ammonia on the 
cyanohydrins of ketones and aldehydes and hydrolysis of the remaining 
nitrile group : 

/OH /NH2 

CH-- C^H + NH., = HgO + CHs- C^H 

JS’itnle of lactic acid JS’itnle of alaiiiiie 

/KH, /NH2 

CH, • C-H -f- 2H,0 = NH3 -I- ( H3 • C^H 

'XH \COj.H 

Alanine (a-Aminopropionic acid) 


They are also formed generally by reducing the oximes of ketonic acids 
or, better, hy the action of ammonia on halogenated acids : 

COgH-CHsa + NHg = HCl + COgH-CHg-NH^. 

We may also mention the interesting Komer-Menozzi reaction {see p. 314), 
which allowed these authors, by inverting the reaction, to pass from the esters 
of unsaturated acids (fumaroid or maleinoid form) to a single form of the 
corresponding saturated amino-acids by simple treatment with ammonia (or 
even an alkylamine in alcoholic solution). 

With nitrons acid, the amino-acids give hydroxy-acids and they give 
many reactions^ analogous to those of the hydroxy-acids and varying with the 
position of the amino-group. 

Two molecules of an a-amino-acid readily lose 2 mols. of water, giving 
a kind of anhydride vith an imido-ketonic character : 



GLYCINE, BETAINE, ASPxlRTIC ACID 355 

COaH-CHg-NHg CO-CH,-NH 

= 2H,0+ j i 

NHj CHa'COaH NH-CHa'CO 

The y-amino-acids, however, give internal anhydrides analogous to the 
lactones and tenned Lactams : 

COjH-CHa-CHa-CHo-NH, = HaO + CO-CHo-CHa-CHa 

5 ‘ 1 

* NH 

The j:i-amiuo-aeids, when heated, evolve amiiKniia and give uusaturated 
acids. 

GLYCOCOLL (Glycine, Aminoacetic or Aminoethanoic Acid, or Amine of Glycollic 
Acid), COgH-CHs-NHa, is formed on hoiluig gelatine with alkali [Ba(OH)2] or ae d 
(dilute H0SO4) or on heating hippiirir acid (benzo\lglvcocoli) with dilute acid: 
COoH-CHa-XH-CO + H3O - COoH CHs-XH. + CgHVcOoH (benzoic acid). Syn- 

thetieally it is obtained from monochloracetic acid and concentrated aininonia (see 
p. 322); if the ammonia is replaced by methylamine, sarcosine. COaH-CHo-XH-CHr., 
m.pt. 115°, lb obtained, or if by trimethjdamine, betaine {see p. 323) ib formed : 

CO2H.CH0CI 4- X{CH3)3 - HCl + C0 .CHo.X(CH 3)3. 

I ! 


Betaine, C5H11O2X, crj^stailises with IHoO, which it loses at 100% or in a dcs'ceator 
over sulphuric acid. It dissolves in vater or alcohol, from which it is precipitatt^d by 
ether or as betaine hydrochloride^ by hydrocliloric acid. This solid hydrochloride ^'s soluble 
in water, which hydrolyses it to a considerable extent, the solution then behaving like 
hydrochloric acid. Owing to this property it is sold, under the name of acidoL in pastilles 
containing exact and suitable doses for stomach complaints, and replaces solutions of 
hydrochloric acid for this piupose ; the same effect as that of the acid is thus obtained 
by a solid product. Betaine is a feeble base, and is not decomposed even by boiling aqua 
regia ; at high temperatures it decomposes, giving trimethylamine. It occurs abundantly 
in beet-sugar molasses (10 to 12 per cent., besides 1 to 2 per cent, of leucine and isoJeucine 
and 5 to 7 per cent, of glutamic acid), from which it is extracted by means ef alcohol ; 
after evaporation of this solvent, it is separated as hydrocliloride. 

The action of tertiary amines, other than trimethylamine, with monochloi acetic acid 
gives various compounds to which is given the name of BETAINES. 

Substitution in the amino -group of the amino-acids also yields other interesting 
compounds, e.g, Aceturic Acid {acetylglycocoU), COoH*CH2*XH*CO-CH3, melting at 206°. 

The properties of glycocoh and its salts are given on p. 322. 

In the amino-acid group is also found SERINE or a-amino-/3-hydroxypropionic acid, 
C02H.CH(NH2)*CH:g-0H, which is obtained on boiling silk gelatine with dilute sulphuric 
acid or synthetically from glycollic aldehyde, ammonia, and hydrocyanic acid, LEUCINE 
(a-aminoisocaproic acid), C02H*CH(XH2)-CH2*CH( 02^3)2, is obtained sjmthetieally by 
hydrolysing the nitrile of isovaleraldehyde-ammonia, and is usually found with glycine 
among the products of decomposition of the proteins by acid or alkali, and is then optically 
active (the carbon atom adjacent to the carboxyl being asymmetric). 

ASPARTIC ACID (Aminosuccinic Acid), C02H-CH2*CH(NH2)*C02H, is 
one of the most important products obtained by the decomposition of proteins 
by acid or alkali- It occurs in abundance (Isevo-rotatory) in beet-sugar 
molasses, and has been prepared by various synthetic methods, e.g. b}" the 
action of ammonia on bromosuccinic acid. 

Three stereoisomerides are knowm, two of them being optically active 
owing to the presence of an asymmetric carbon atom. They are obtained in 
small, tabular, dimetric crystals, soluble to some extent in hot water. Then* 
cold solutions and also acid solutions of the dextro-rotatory acid have a siveet 



356 ORGANIC C H E :M I S T R A’ 

taste, but liot solutions or alkaline solutions of tlie l^vo-rotatoiy acid are 
AAithoiit taste. 

They give the general reaction of amines and amides with nitrous acid, 
being coiiveiied into malic acid.^ 

The higher homologue of aspartic acid is Glutamic Acid {a-ciminoglutaric 

acirl), CO,il • CH(NHo) * CHg • CHo • CO^H. 

Am^ma the DI AMINO-ACIDS we have Lysine, C02H-0F(KHo)- [GHsk-NHs, which 
obtained by the action of acids on proteins or by sjaithetical methods ; on putrefaction 
it rnves pentamethvlenedianime. 

^ Ornithine, COiH-CHtXHo)* [CHoh-NH., ls the lower homologue of lysme and gives 
tetraniethyhuiediaiuine ( pnirescine) on [uitrefaction. 

Taurine {Ethyleneaminnsiilpliomr Arid), SOgH-CHo* CH 2 ‘NH 2 , is found in ox-bile 
conibined Avith cholic acids as fanrorhoUc arid (for pioperties of taurine, see p. 214). 

CjstemeiThioserim). COoH-CHfXHol-CHo-SH, is formed by the reduction of cystine, 
CaH-CH(XHo)*CH 2 *S*S-eH 2 -CH{XH 2 )*e 02 H, Avhich occurs in urinary sediments 
(lmIcuIi). 

ASPARAGINE, NH,-C0-CH2-CH(NH2)-C02H, is the amide of aspartic 
acid. It was first found in asparagus, but is moderately 'widespread in almost 
all vegetables (beet, potatoes, beams, vetches, peas, &c.) during the germina- 
tion period, and the dry seeds of certain lupins contain as much as 30 per 
cent. The constitution” of asparagine is confirmed by the various syntheses 
leading to its production. 

It eiTstalliises with IH 2 O in leevo-hemihedral, trimetric prisms, soluble in 
hot Abater but insoluble in alcohol or ether. 

With aqueous cupric acetate solution, it forms a blue, well-crystallised 
copper salt insoluble in water. It is isomeric ■with, malamide, 

from AA’hich is differs in the possession of both acid and basic characters. It 
is la 3 vo-rotator\’ and has an unpleasant, insipid taste, but vetch seedlings 
contain a dextro-rotatory asparagine which has a sweet taste (Piutti, 1886), 
but does not unite AAith the Isevo -rotatory form — also present in the seedlings 
■ — to give the inactive modification. Pasteur stated that the substance 
composing the nerves of the palate behaves as an optically active combination 
which acts differently toAvards the dext-ro- and Isevo- asparagines. 

Asparagine is converted into aspartic acid h}' hydrolysis and into malic 
acid bA" the action of nitrous acid. 

ASPARTAMIDE, is the diamide or 

nomial amide of aspartic acid. 

Numerous higher homologues of aspartic acid (Homo- Aspartic Acids) and 
of asparagine (Homo- Asparagines) are known. 


D. AMIDO- AND IMIDO-CHLORIDES 


With both the primary amides and also the alkylated amides, the oxygen is readily 
replaced by chlorine by the action of POis. Thus, acetamide gives acetamido-cUoride, 
CH3-CCl2*XH2, and ethyiacetamide, ethylacetamido-cklonde, CH3*CG2‘NH-C2H5. Both 
of these compounds readily lose HCl, forming imino-chlorides, e.g, acetimmo-cMoride, 
CHa’CClrNH, and ethykt^etimino-chloride, CHa'CCl : N*C2H5. These imino -chlorides, 
like amido -chlorides, are readily decomposed by Avater into hydrogen chloride and amide. 
These elilorinated compounds react easily Avith aromatic substances and wth hydrogen 
sulphide, ammonia, and amines, the chlorine being thus replaced by sulphur or by amino - 
residues, forming tUoamides, e.g, CH3- CS-ISTHX, and amidines, e.g, CHg-C(]SrH2) : NS2. 


By tlic action of nitrons acid on the ethyl ester of glyeocoU, Curtins obtained Ethyl Diazoacetate 
as a yellow oil. with a peculiar odour; when heated with water it explodes, losing nitrogen 
and taising up water to torm ethyl gly collate. 
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E. THIOAMIDES 

These are well-crystallifeed compounds, more acid m character than the amides, and 
hence capable of forming metallic derivative^ and of disbolvmg in alkali. Besides by the 
reaction just mentioned they are obtained by the addition of HoS to nitriles : 
GHg-CX + H2S = CHj’CS-XHo (tlmxicetaynide or ftlianethiuamide) ; on heating, the 
opposite change occurs. 

Phosphorus pentasulphide replaces the oxygen of amides by sulphur, thus foiming 
thioamides. With H2S, isonitriles give the alleviated thioamKh‘s of formic acid, 
X + HoS - H- CS- NHX, 

Thioamides are readily hydrolysed (by alkali, hot water, &c.), uith torniation of 
HoS, NHy (or amine), and the corresponding acids ; 

X-CS-NHX' + 2H2O = X-COoH + XH2X^ + HoS. 


F. IMINOTHIOETHERS 


The thioamides (and especially their derivatives) can exist in the isonieric or tautr- 
meric form, X- C(SH) : NH, in which the hydrogens of both the sulphydryl and the imino- 
group are replaceable by alkyl groups, Iminothio ethers, e.g, X*C(SX') : NH, being then 
formed. These are prepared by the action of alkyl iodides on the thioamides (also from 
thioalcohols, mtriles, and gaseous hydrogen chloride), e.g. CHs-CS-NHo + CH3I == 
/S*GH3 

CHg’Cv , HI {acetimimtMmnethylliydriodlde), 

\]srH 

The immothioethers are easily hydrolysed (by HGI), forming ammonia and esters of 
thio -acids : 


CH3 • C< + HoO = NH3 4- CH3 • CO • SCH3. 

^'NH 


G. AMIDINES 

When the amides or alkylamides are heated ^^th amines in jiresence of a dehydrating 
agent (like PCI3), the oxygen of the amide is substituted an imino -residue : 

.NH2 

X-CO-NH, + Il-NHo= H.0 -f X*C<; 

' ^NR 

.NHX' 

X-CO-NHX' + R-NHo - HoO + X*a<; 

'NR 


These compounds are obtained also from thioamides, isothioamides, iminochlorides, 
or iminoethers by the action of ammonia or of primary or f econdary amines : 


>NH 


CH3*CS*NHo + NH3 = HoS + CHs'C^ {acetamidine or ethanamidine). 

^NH2 


.NH .NH 

X* of + R'NHs = X-C( + HSX' 
\SX' ^NHR 


When nitriles are heated with the hydrochlorides of primary (of the aromatic series 
also) or secondary amines (not with NH4^C1), alkylamidines are obtained : 

CHa-GN + R-NHg = CHg-Q: NH)‘NHR. 

Properties. The amidines (or amimides) are bases and usually of the aromatic series ; 
they are easily hydrolysed (by boiling with alkali or acid), giving (when the iminie hydrogen 
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is not replaced by an alkyl group) ammonia (or an amine) and a nitrile ; the same change 
occurs on dry distillation* With HoS they give first an additive product : 

X-C{: XH)-XHX' 4 - HoS - X Cf SH 

XHa 

till" product then decomposes m two seiis(‘s, trivirg (a) X CS-XHX' + XHg and 
(6) X-OS-XH:, + X'-XH,. ' '' 

With amidiiK^s give thioainkh^'i and, at the same time, thiocyanie acid or an alkyl 
thiocyanate. 


H. HYDRAZIDES AND AZIDES 


Introduction of an acid roddue into hydrazine, HoX XH 2 (s'cc voh i, p. 327), gives the 
primary hydrazides or nmnoacylliydrazidrs, e.g, OH- • CO • NH • XHo (acetylhydrazide) and 
H*CO*XH*XHo ifurmJiydtazldf. iu.pt. 54®) ; two acid radicals give secondary hydrazides 
(ft dihydrazidts, e.g. CHg-CO-XH-XH-CO OH3 (diacethjdr azide, which melts at 138° 
and is ju'epared from liydrazine hydrate and acetic anhj’di’ide). 

Tlu-y are readil^y hydrolysable, and reduce ammoniacal silver nitrate solution in the 
cold and Feiiling's solution on heating. The primarj’ hydrazides are more highly basic 
than the amides, and so give more stable salts, Xitrous acid acts on primary hydrazides, 
forming azides, wiiich are derivatives of hydrazoic acid {see vol. i, p. 327) : 


CHa-CO-XH-X^Ho -f HXO2 - 2H2O 


4 CK3 co.x< 




The-p re^pm]>Ip the acichtorides in many properties, but are explosive and, when heated 
with alt'ohol, uive urethanes and liberate nitrogen : 

GH,- CO- X/ II 4 C,H-OH « No 4 CHs-NH-COoCoHs, metliylur ethane, 

whif h can be hydrolysed with formation of COo, alcohol, and methylamine. It is hence 
po^.sible to pass from an acid to an amine with one carbon atom less, by way of the 
hydra zide and azide. 


I. HYDROXYLAMINE-DERIVATIVES OF ACIDS 

Hydroxylamine or its residues can be united to acid residues, forming Hydroximic 
(or liydroxamic) Acids, e.g. CH 3 *C(: X* OH)OH {etliyThydroxamic acid, m.pt. 59°), and 
Amidoximes, X*C{: X'0H)*XH2. The hydroxamic acids have an acid character and 
are formed, with evolution of ammonia, by the action of hydroxylamine on amides. 

Also Formyloxime Chloride, CH(: X- OH)C], is known, this being obtained by treating 
mercury fulminate in the cold with HCl ; it forms needles, which are readily decom- 
posable, volatile, and soluble in ether. 

The Amidoximes are formed by the addition of nitriles to hydroxylamine, 
CHjjCX’ 4 XHo'OH — CH 3 *C(: X0H)XH2. If hydrogen cyanide is employed, ISURET 
{Methanamidoxime or Methenylamidoxime), CH(: X0H)NH2, isomeric with urea, 
would be obtained. 


VI. CYANOGEN COMPOUNDS 

Some cyanogen compounds, especially Hydrocyanic Acid, HCN, potassium 
cyanide, and fen*o- and ferricj-anides, have already been dealt with in vol. i, 
pp. 39 i, 43 i, and 650. We have to consider here the numerous and varied 
organic derivatives of cyanogen, which are of some interest as they often 
exist in polymerised forms and almost always in two isomeric modifications, 
sharply differentiated by their chemical properties : derivatives of nitriles, 
X • 0 : N, and of isonitriles, G N -X {see also p. 199). 

CYANOGEN, (CN} 2 , is a highly poisonous gas with a pungent odour 
recalling that of bitter almonds ; it is liquid at -21° and solid at -34°. It 
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is found m the gas from blast-furnaces and occurs largely in the tail of Halley’s 
comet, which approached the earth in May 1910. It is obtained by the 
elimination of water from ammonium oxalate or oxamide (NHo ’CO*CO -NHs), 
by the action of P2O5 in the hot, or by heating a solution of copx3er sulphate 
with potassium cyanide, and is commonR prej)ared by heating cyanide of 
silver or of mercuiy, Hg(CN)2 = Hg + (CN)2 ; as a secondary product, 
PARA CYANOGEN, (C;3N3)2, or {CN)x is formed as a bimvn powder. 

It burns with a pui'ple flame, dissolves readily in alcohol or water (4:1), 
and its solutions gradually become browm, with formation of oxalic acid, 
formic acid, hydrocyanic acid, ammonia, and urea, and deposition of Azulmic 
Acid (Browm powder). With HoS it forms the thioamides : RUBEANHYDRIC 
ACID, NH2*CS-CS NHo, and FLAVEANHYDRIC ACID, NC-CS-NHa- 

CYANOGEN CHLORIDE, NC Cl, is of importance in the s\~nthesi? of many cyanogen 
compound'^, and is formed by the action of cblonne on liychocyanic acid or metallic 
cyanides : NC-H + Gig = HCl -f NC-Cl. It is a colourle< s gas which is ea.sily liquefied, 
boils at 15-5°, has a pungent odour, and dissolves in water. In presence of HCl it poly- 
merises, forming Cyanogen Trichloride (melts at 145°, boils at 190°). With KOH it 
forms potassium cvanate, NCOK. 

CYANIC ACID, NC OH, is a liquid of penetrating odour and only slight stability, 
even at the ordinary temperature. 

It IS obtained by the dry distillation of cyanunc acid (g.i.) and condensation of the 
vapours in a freezing mixture. It undergoes change, even at the ordinary temperature 
and with slight explosions, into a compact, white ivonieride, which is polymerised iso- 
cyanic acid or cyamelide (O : C : KH’)^ ; this, on dry distillation, gives cyanic acid agam. 

Its salts are more stable, but when attempts are made to liberate the acid from these 
by the action of mineral acids, immediate hydrolysis occur- : 

XC-OH + HoO - COo + XH3. 

Tf it is liberated by dilute acetic acid, the isomeric eyaiiuric acid is obtained. 

The alkyl derivatives of cyanic acid exhibit two isomeric forms : Cyanates, N : C-OX, 
and Isocyanates, 0 : C : NX. 

Potassium Cyanate, NCOK, forms white scales soluble in alcohol or water, and is 
obtained by oxidising solutions of potassium cyanide by means of potassium perman- 
ganate or dichromate, or by fusing potassium cvanide or ferrocvanide with PbOo or MnO^> : 
NCK + 0 = NCOK. 

. Ammonium Cyanate, NC • ONH4, is isomeric with urea, into which it can be converted. 
It is obtained by neutralising cyanic acid with ammonia and forms a moderately stable, 
white, crystalline mass. 

ETHYL ISOCYANATE, CO : NCoHg, is prepared by distilling potassium cyanate 
with either potassium, ethyl sulphate, or ethyl iodide. It is a liquid of penetrating odour 
and boils at 60°. It does not behave as a true ester (true esters of cyanic acid 
do not exist), since the action of acid or alkali yields, not alcohol, but ethylamire ; 
CO : NC2H5 + H2O = COo + C2H5-NH2. Hence the nitrogen is united directly to tlie 
alkyl group, so that the structure is not N : C-OC2Hg, but 0 : C : NC2II5. 

Ethyl isocyanate is instantly decomposed by water, forming derivatives of urea ; 
the latter are also formed by the action of ammonia or amino-bases. 

CYANURIC ACID, (NC)3(OH)3, is a polymeride of cyanic acid and on heating urea 
— which contains the constituents of ammonia and cyanic acid — either alone or in a 
current of chlorine so as to eliminate the elements of ammonia, there remain those of 
cyanic acid, which polymerise to cyanuric acid. It crystallises with 2H2O in prisms, 
effloresces in the air, and is readily soluble in hot water. When heated with HCl, it 
hydrolyses slowly to NHg and COg ; with PCI5 it gives the chloride of cyanuric acid. 
It is a tribasic acid and forms a violet, crystalline copper salt ; its sodium salt is insoluble 
in concentrated alkalis. Lhe cyanic acid, it gives rise to two series of derivatives, e.gr. 
Ethyl Cyanurate, (NC)3(002H5)3, which is a colourless liquid giving alcohol on hydrolysis. 
It is only slightly stable, and is readily transformed into the isomeride of the other series, 
Ethyl Isocyanurate, (CO)3(NG2H5)3, which is formed by polymerisation of ethyl isocyanate, 
or by distilling the cyanurate with potassium ethyl sulphate. On hydrolysis it gives 
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ethylamine, tliiis conlirinmg its constitution, which is shown the following closed-ring 
formulae to be clearly different from that of ethyl cyanurate. 




Xtiivl isocyanarate 


''' 

Etliyl cyanurate 


FULMINIC ACID, C : NOH, is readily volatile but unstable, and is decomposed by 
concentrated hydrochloric acid into hydroxylamine and formic acid, chloroformyloxime, 
CHC1:N* OH, being formed as intermediate product. Kekule regarded fulminic acid 
a& a nitroaeetonitrile, AOo-CHo-CX, but Xef subsequently attributed to it the coMti- 
tution GrX'OH, the carbon bemg divalent. With bromine, mercury fulminate (see 
p, 25o) gives the compound 

Br-C:X-0 

Br-C;X-0 

Silver fulminate is even more explosive than the mercury salt. 

P. C. Palazzo (1007-1 9 10) has prepared various additive products of fulminic acid 
with different acidib (HBi% HI, HSCN, HXOg, With hydrazoic acid at —12 , he 

obtained two isomerides w’ltli different constitutions, probably with intermediate forma- 
tion of Triazoformoxime : 

_ OH X— OH 


XaH + C : XOH - ^ >0: X-OH 


Tnazofenuoxime 


N-hydroxytetrazcle (m pt. 145*) 


The other isomeride also is possibly a tetrazole derivative. 

By the action of hydrogen sulphide on mercuiy fulminate suspended in water, L. 
Canibi (1910) obtained and isolated the Formothiohydroxamic Acid predicted by Xef : 

H*C:XO-H 


THIOCYANIC ACID AND ITS DERIVATIVES 

THIOCYANIC ACID (Rhodanic Acid), NC'SH, is a yellow liquid of penetrating 
odour, stable only when anhydrous in a freezing mixture or when in very dilute aqueous 
solution. At ordmary temperatures it polyunerises to a yellow mass. It is obtained from 
its mercury salt {see later) by the action of hydrochloric acid. 

In concentrated aqueous solution, it undergoes conversion into a 3 ^ellow crystalline 
mass of Ferthiocyanic Acid, (CX) 2 SaH 2 . 

Cyanogen Sulphide, (XC) 2 S, may be regarded as a kind of anhydride of thiocyanic 
acid, and is obtained from silver thiocyanate and cyanogen iodide. It forms colourless 
plates which have a pungent odour and are readily soluble in wafer, 

Thiocyanuric Acid, (X0)g(SH)3, is polymeric with thiocyanic acid, and is obtained 
by the action of sodium sulphide on cyanogen chloride. It is a yellow powder and gives 
salts corresponding with a tribasio acid. Its trimethyl salt is formed by polymerisation 
of ethyl thiocyanate by heating at 180°. 

POTASSIUM THIOCYANATE (or Rhodanate), NC-SK,is obtained by fusing potas- 
sium cyanide with sulphur, or evaporating a solution of potassium cyanide and yeUow 
ammonium sulphide, or, better still, by fusing potassium ferrocyanide with potassium 
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earbonate and sulphur ; as prime material the mass used for the purification of illumi- 
nating gas is nowadays employed (vol. i, p. 651). It forms colourless prisms soluble in 
boiling alcohol and to a greater extent in water with absorption of heat. 

AMMONIUM THIOCYANATE (or Rhodanate], NC-SNH 4 , forint colourless, tabular 
crystals soluble m alcohol, and leadily so m water. It is obtained by heating together 
CS 2 , NHg, and alcohol : -f XH 3 ^ XC' 8 H + H 2 S. When heated it is transformed 

into the isomeric thiourea. It serves for the preparation of other thiocyanates, and is 
extracted m large quantities from the exhausted Laming mixture of gasworks {sec 
p. 46), which contains 1 to 4 per cent, of it. 

MERCURIC THIOCYANATE, (NC*S)oHg, is prepared from a mercuiac salt and 
ammonium tlnocyanate, and forms a white, insoluble powder which swells up to a very 
considerable extent when heated [PhaiaoYs serpents), 

SILVER THIOCYANATE is precipitated as a wiiite mass on mixing silver nitrate 
and ammonium thiocyanate. The latter gives, with ferric salts, a dark red coloration 
of FERRIC THIOCYANATE (sensitive indicator m the titration ot silver with thio- 
cyanate) and this, with potassium thiocyanate, gives a violet double salt, (XO* SjcFeKs. 

Hyckogen sulphide decomposes the thiocyanates, XC^SH + HoS = XH 3 -f CSo, 
while with concentrated sulphuric acid, addition of water and decomposition into ammonia 
and carbon oxysulphide occur 

XC*SH + B^O - COS + XHg, 

For thiocyanic acid there are two series of isomeric derivatives, corresponding with 
the two general formuL^: N : C*SX (alkyl thiocyanate) and S : C : X* X (mustard oils). 

ETHYL THIOCYANATE, NC-SCoHs, is a colourless liquid with a maiked odour of 
garlic ; it boils at 142° and is very shghtly soluble in wuter. It is formed by the act 1011 
of cyanogen chloride on mercaptides, or b}’ distillation of potassium thmcyaniite with 
potassium ethyl sulphate. As it has the constitution of a true e>ter, it is iiydi'oly.^ed 
by alcoholic potash with formation of alcohol and potassium thiocyanate. But in certain 
reactions it behaves like the isomeric mustard oils. Nascent hydrogen converts it into 
merceptan, since the alkyl is united to sulphur, and the action of nitric acid in the hot yields 
ethylsulphonic acid. 

ALLYL THIOCYANATE, NC-SCsHg, boils at 161°, and has a garhc-Iike odour; 
it undergoes change into the isomeric mustard oil, slowly at the ordinary temperature 
and more rapidly on distillation. 

The Mustard Oils (Isothiocyanates) are obtained from the corresponding 
thiocyanates simply by heating. They are also formed by the action of 
carbon disulphide on the corresponding primary amines, CS^ + X-NHg = 
H^S + S : 0 : NX, this change taking place by way of the intermediate 
alkylamine salt of alkyldithiocarbamic acid (see later), which is distilled with 
mercuric chloride. Mustard oils are also formed w^hen an alkylated thiourea 
is distilled with phosphoric or concentrated hydrochloric acid. 

Their structure is indicated by their foimation of primary amine on hydro- 
lysis S : C : NX + 2H2O = CO2 + HoS + X-NH^. The isothiocyanic acid, 
S : C : NH, from w^hich "these mustard oils are regarded as derived, is not 
known in the free state. 

METHYL MUSTARD OIL (Methyl Isothiocyanate), SC : NCH3, melting at 34“ and 
boding at 119° ; Ethyl Mustard Oil, SC : NC 2 H 5 . at 134° ; and Propyl Mustard 

Oil, SC ; NC3H7, bodmg at 153°, are of Httle importance. More interesting is 

ALLYL MUSTARD OIL (or Ordinary Mustard Oil ; Allyl Isothiocyanate), 
S : C : NC3H5, which is prepared by distilling Simjiis nigra (blach mustard) with water ; 
it is obtained synthetically by the reactions given above. It is a liquid with a pungent 
odour recallmg that of mustard and raises bhsters on the skin ; it is sparingly soluble in 
water and boils at 150*7°. 
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CYANAMIDE AND ITS DERIVATIVES 

CYANAMIDE, NC-NHa, is a ^hite crystalline substance, melting at 40^ 
and diss< jiving very slightly in water, aleohul, or ether. It is obtained by 
pa>''iiis: a cixrreiit of cvaiiogen chloride into an ethereal solution of ammonia : 
2XH. + XC-Cl = NHiCl + NC-NHo. It is also formed by desulphurising 
thiourea, by means of HgO, wliich removes HgS. 

it is r»btaiiied abundantly and in a pure state by extracting calcium 
t*yanaiiiide (see kiter) systematically vith water, neutralising the saturated 
soliitiuu With sulphuric acid, filtering from the calcium sulphate, concen- 
trating in a vacuum, again filtering from the gyi3sum5 concentrating anew, 
and extrai'ting the crystalline mass — formed on cooling — with ether, w^hich 
doe^ not dissolve g’^'psiim, dicyanamide, and other impurities. Evaporation 
of the ether } ieids pure cyanamide in almost theoretical }ield (Baum, 1910). 

Witii of time, or rapidly at 150°, cyanamide changes into the poty- 

merlc dicyanodiamide (*‘66 later). It behaves both as a iveak base forming 
uii'-table eiw'stalline salts, and as a weak acid giving metallic salts, e.g. 
XC-XfINa/XC'NAg 2 , &c. The most important of these is calcium cyan- 
amide, XC'XCa. which was considered in detail in voL i, p. 309, in the chs- 
ciissioii of the utilisation of atmospheric nitrogen ; it is formed by the action 
of nitrogen on calcium carbide and forms an excellent nitrogenous fertiliser. 

In presence of dilute acid, cyanamide fixes a molecule of water, giving 
uiva : XC-XHo -f- 11,0 = XHg-CO-NHa; with hydrogen sulphide it yields 
thioun^a. ( Vanamide also gives two series of isomeric alkyl derivatives of 
the general fornuilxe X : C-XX^ and XX : C : NX. Compounds of the latter 
formula are derived from the hypothetical NH : C : XH ; for 

^-xaniple, carbodi phenyl imide, CtjHgX : C : NCgHs, boiling at 330°, is well 
clkii’acterised. 

DIETHYLCYAN AMIDE, NC*N{C2H5)2, is formed by the action of ethyl iodide 
oil the silver r^alt of cyanamide, its stnicture being indicated by the products— 
CO2 4 - XH3 + XH(C2H5)2 — obtained on hydrolysis with dilute acid. Methyl- and 
tthi/l-cyajuimide are aho known. 

DICYANODIAMIDE, (NC*NH^)o, is formed, as has already been mentioned, from 

NH 

cvanaraide ; certain of its reactions indicate the structure NC*NH* Of (Bamberger). 

It furnib acicular crystals or small flat prisms. When heated strongly and rapidly, it is 
converted into a white insoluble powder, MELx 4 M, CeHQNu or [(NC)3(NH2)2]2XH? this 
being an imide of melamine, into which it is transformed by sulphuric acid or ammonia. 

MELAMINE (Cyanurtriamide), (NC)3(NH2)3, is a crystalline basic substance, insoluble 
in alcohol or ether. When it is boiled with acid, the amino-groups are gi'adually replaced 
hy hydiuxyl groups, giying AMMELIXE, {XC)3(XH2)20H, then AMMELIDE, 
{XC‘j3XH2{0H)2. and finally Cyanuric Acid, (NC)3(OH)g. 

As usual, the alkyl derivatives form two isomeric series, derivatives being knowm 
of a hypothetical Isomelamine, (CNH)3{ISrH)3, among these being the polymerised 
alk^kyanainides. 

VIL DERIVATIVES OF CARBONIC ACID 

True carbonic acid, 0 : C(OH) 2 , is not known in the free state, since two 
hydroxyd groups cannot exist in combination with the same carbon atom 
(see p. 182), but it is supposed to exist in aqueous solution, and salts corre- 
sponding with this formula are stable and well known (carbonates and bicar- 
bonates). Also important organic derivatives, similar to those already studied 
for other dibasic acids (amides, chlorides, esters, &c.), are known. The acid 
derivatives are less stable than the normal ones. 
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ESTERS OF CARBONIC ACID 

ETHYL CARBONATE, CO(OC 2 H 5 )o, is a liquid wLioii is insoluble in water, boils at 
126°, and has a pleasant odour. It is formed by the interaction of ethvl chlorocarbonate 
and alcohol: CoHs* OH + Gl-CO* OC 0 H 5 = HCl 4- CO(OC 2 H 5 ) 2 , and ‘ also from silver 
carbonate and ethyl iodide. j\Iised esters, containing different alkvls, also exist. 

ETHYLCARBONIC ACID, CO(OH)-OC 2 H 5 , is known only as salts, e,rj. Potassium 
Ethylcarbonate, 00 ( 0 K)’ 0 C 2 H 5 , which is obtained b 3 " the action of CO.j on an alcoholic 
solution of potassium ethoxide and forms shining scales, giving alcohol and potassium 
carbonate when treated with water. 

CHLORIDES OF CARBONIC ACID 

Carbon Oxychloride {pltosgene)^ COCU, has already been described (vol. i, p. 394). 

CHLOROCARBONIC ACID, COCl*OH, is the acid chloride of carbonic ac[d, but 
IS not stable and, when liberated, decomposes into CO 2 and HO. Its esters are, how'ever, 
well known, the action of phosgene on absolute alcohol giving, for example, ethyl chloro- 
carbonate (Ethyl Chloroformate), d-CO-OCoHg, thus: CoHs-OH-fCOCU-HCl-F 
Cl-CO-OCsHs. " “ 

This ester is a liquid, having a jiungent odour, boiling at 93° and readily decomposing 
under the action of water ; it is used largely in organic s^mtheses to introduce carboxyl 
into the molecule. 

AMIDES OF CARBONIC ACID 

The acid amide, NH 2 * CO • OH, is Carbamic Acid, and the normal amide, XH 2 * CO-XHo, 
urea, 

CARBAMIC or CARBAMINIC ACID, NH 2 *CO*OH, i« obtained as ainmoiiiiim salt 
— aynnionliun carbamate, ISTHo-CO* OXH 4 — by the direct union of dr}’ COo and XHj ; 
a white mass is thus obtained which, even at G0°, dissociates into CO 2 -f XH 3 . In aqueouo 
solution this salt does not precipitate solutions of calcium salts at the ordinary tem- 
perature, since calcium carbamate is soluble, but in the hoi the salt decomposes into 
CO 2 and NH 3 and gives a precipitate of calcium carbonate. 

Ethyl carbamate or URETHANE, NHs’CO-OCoHu, is also well lcno%ra and is obtained 
by the action of ammonia or etliji carbonate, CO(OC 2 H 5)2 + XHg = OH -j- 

NH 2 *C 0 * OC 2 H 5 , or, more easily, by treating eth}’! chlorocarbonate with ammonia: 

COGCOGsHs) 4- 2 XH 3 = NH 4 GI 4 - XHs’GO’OCsHs. 

It melts at 48° to 50°, is soluble in water, and is used as a soporific. 

The following are also known: iodouretJiane, XHI* CO*OG 2 H 5 ; etliylurethane, 
XHG2H5-G0-002H5 (boils at 175°); nitrouretliane, X02*XH*G0*0C2H5 ; carbamidyl 
chloride, XH2’G0*C1 (melts at 50° and boils at 61°) ; and diethyl iminodicarbonate^ 
XH(GO* 0G2H5)2, which is the imide of urethane. 

Urethane, derivatives are readily h\’drolysable with alkalis and ^ield ammonia and 
urea when heated. 

UREA (Carbamide), CO(NH 2 ) 2 , is the final oxidation product of nitrogenous com- 
pounds m the living organism, and the adult human bemg produces about 30 grms. of 
it a day ; it is found in general in the urine of carnivora (where it was first discovered) 
and in other animal fluids. It crystallises in shining needles soluble in water and in 
alcohol, hut insoluble in ether ; it melts at 132° and sublimes in a vacuum. It is formed 
from ammonium cyanate by simple rearrangement under the action of heat (Wohler) : 
XG*0NH4 — C0(NH2)2. Escales (1911) found that when urea is distilled or sublimed 
in a vacuum, the reverse reaction, i.e. formation of ammonium cyanate, occurs. Urea 
is also obtained by the action of ammonia on ethyl carbonate or carbamic acid : 

C0{0G2H5)2 + 2 XH 3 = 2C2H5-OH 4- G0(XH2)2* 

Many other reactions give urea, e.g. oxidation of thiourea, action of water on cyanamide, 
&c., but in the laboratory it is prepared by treating with barium carbonate the urea 
nitrate obtained by evaporating urine in presence of nitric acid, or by heating ammonium 
sulphate solution with potassium ferrocyanide or cyanate : 

(XH 4 ) 2 S 04 4 - 21SrCOK - .K 2 SO 4 + 2C0{NH2)2. 
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Wlien heated it is decomposed into ammonia, bniret {aee 
and ammeUde. It is readily hydrolysed by acids alhahs. 

C0{XH2)2 -f HoO -= CO2 -h 2XH3, and is decomposed b;v nitrons acid >P 

elilorite : . ^ oa- 

2HXO2 + C! 0 (XH 2 )s = 3H2O -i- CO2 + 2X2. 

It exhibits the properties of a base and of a weak acid, 

Urea Nitrate, CO(XH2)2, HXO3. which is -soluble m water and 

and with concentrated sulphuric acid gives the highly acid Nitrourea, X 2 -j’ 

and with bases, CO(XTl2)=. 2 HgU. It also crystallises with other COlNH^k + 

XaCl+H20, C0(XH2)2 + AgX03, &c. mtrate precipit^^^^^^ qmntita 

lively from its neutral aOLueous solutions as 2CO(XH2)2 + eive aumm. 

Urea forms various afl-i/Z dem-ah' res ; thu.s ethyl eyana e an J OO-NIC H 1 • 
or Mulurea, which is csomeric with u..,r>u.. or /^-f'^^hylurea, NH^^CO 
UO-XTXH: + CkHj-XH, = C0(XHC2H,)2. The constitutions of the.«e alkjl derivatives 

are determined "by study of the products of their hydrolysis. 

Readily hydrolysable alkyliscunas, XH : are also known. 

SEMICARBAZIDE, NH2-CO-NH.NH2, which is obtained 
and hvdrazine hydrate, may also be regarded as a derivative of urea. It has already 
been s'een that this base (which melts at 96 “) gives crystalline 
With ketones andaldehjdes (.eep. 206 ). CARBAZIDE 

melts at 1.52% and is obtained from esters of carbonic acid by the action of hydrazine 

^'"'''AceVylurea, XHo-CO-XH CO-CHa.and Allophanic Acid, NHa'CO-NH-COsH (not 
known free, but as salts), are obtained from acid chlorides and urea. 

The formation of urddea (compounds of urea and mono- and dibasic aoi s) 
place with monobasic divalent acids or with an alcohol and acid. Such a reaction gives 
SantorAcid iylycoUric acid), XH2-C0-XH.aH2-C02H. which, when evaporated in 

presence of HCS, loses water and forms Hydantoin, CO/ | , the latter giving first 

^ISTH • CHg 

livdantoio acid and then COo, XH3, and glycine on hydrolysis. .„ „ „ 

' When urea is heated at 160 °, 2 mols. condense with separation of ammonia and 
yCO-XTCg 

formation of Biuret, | , which crystaUises with IHgO and is soluble in water 


''CO-NHs V.., 

or alcohol ; in alkaline solution it gives a characteristic violet coloration with a little 

copper sulphate. 


DERIVATIVES OF THIOCARBONIC ACID 

More or less complete substitution of the oxygen of carbonic acid^ by 
sulphur gives a series of unstable compounds, which form stable alkyl deriva- 
tives and exhibit various cases of isomerism indicated by varying products 
of hydrolysis. These numerous sulphur compounds are reducible to three 
types, according as they contain (1) the nucleus SC<C 3 thiocctfbouic or thio- 
carbciMtc compounds^ (2) the nucleus OC<C 3 carboniyl or CQTbcLMic cof/ipounds, 
or (3) the group H-N : C<Cj iminocarbonic or iminocarbamic compounds. 

The following are the principal compounds of these types, which have been thoroughly 
studied in the form of their alkyl derivatives : 


Trithioearbonic acid 
Dithioearbonic acid 

Monothiocarbonic acid 

Bithiocarbamic acid 


SC(SH)2 
SH 




. sc<; 


SH 


Monothioearbamic acid . 

Thiooarbamide 
Thiophosgene 
Thiocarbamidyl chloride , 


* 

. SO : 012 
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Ditliiocarbon3’'lic acid 
Monothiocarbonylic acid . 

Monothiocarbonylamic acid 


C0(SH)2 

“0<OH 

CO<™= 


IniinoditMocarbonic acid 
Iminomonothiocarbonic acid 

Iminothiocarbamic acid . 


HN : C(SH)2 




HX:C< 


XHo 

SH 


THIOPHOSGENE (Carbon Sulphochloride), SCCL, is a red liquid tv'bichf nines in the 
air, attacks the mucous membrane, and boils at 68° to 74°. It is prepared by the action 
of chlorine on carbon disulphide, the intermediate compound, GG^-SCl, thus obtained 
being reduced with stannous chloride. It is more stable towards water than phosgene, 
and with ammonia gives, not thiourea, but ammonium thiocyanate. 

TRITHIOCARBONIC ACID, CS3H2, is obtained as sodium salt by the action of 
carbon disulphide on sodium sulphide. The free acid is a brown unstable oil and its 
ethyl ester, SC(SC2H5)2» a liquid boiling at 240°. 

POTASSIUM XANTE ATE, KS-SC-OCsHs, is the ether of the potassium salt ut 
dithiocarbonic acid. It is formed by the action of CS2 on C2H5'OK and crystallises in 
shining needles soluble in water and to a less extent in alcohol. With copper sulphate it 
gives copper xanthate as an unstable yellow powder W’hich is used in indigo printing. 

XANTHIC or XANTHONIC ACID, HS-SC-OCaHs, is liberated from its potassium 
salt [see above) and forms an oil insoluble in water ; it readily decomposes into 
CsE-OH + CS2. 

DITHIOCARBAMIC ACID, NHo-SC'SH, is obtained as ammonium salt hy the 
action of ammoma on an alcoholic solution of CS2 : 


2NH3 + CBs - XH2-SC-SXH4. 


In the free state this acid forms an unstable, reddish oil (decomposing into SH2 + 
thiocyaiiic acid) and its ethyl ester, XH2*SC*SC2H5, is dithiouretJiane, W’hilst thiourethane 
will be XHo’CO'SCoHs and is isomeric with xanthogenamide, NH2* CS ’002115. 

EthylamineEthyldithiocarbamate, C2H5*NH*SC*SH, XH2 ’02115, is formed similarly 
by the action of carbon disulphide on ethylamine ; in the hot it gives diethyltkiourea, 
SC{NH;C2H5)2, the mercuric salt of which gives the corresponding mustard oil with water 
in the hot, whilst the alkylated dithiocarbamic acids obtained wnth secondary amines 
do not give mustard oils under these conditions. 

THIOCARB AMIDE (Thiourea), SC(NH2)2, is only partly obtained on heating 
ammonium thiocyanate at 130°, the reaction being reversible. It forms crystals melting 
at 172°, and dissolving in water and in alcohol, giving neutral solutions ; it has a bitter 
taste. On hydrolysis it yields CO2 + H2S + XH3. As has already been stated, it is 
converted into urea by permanganate, cyanamide by mercuric oxide, and potassium 
thiocy^'anate and ammoma by alcoholic potash at 100°. It behaves as a weak acid and a 
weak base, and its derivatives, in some cases, correspond with the tautomeric formula, 


HNC< 


NHo 

SH 


(hypothetical imiThothiocarhamic acid). 


About 10,000 kilos of thiourea are produced annually by two factories, one French 
and the other German, for preserving loaded silk from corrosion, the Giaiioli process 
{see later, under Silk) being used. Owing to tins, the price of thiourea has been low’-ered 
from £2 to 6s, 6d. or 65. 6d. per kilo. 

Acetylthiourea, Sulphohydantoin, &c. are also known. 


GUANIDINE AND ITS DERIVATIVES 

NH 

GUANIDINE (Iminourea or Iminocarbamide), NH : forms 

crystals readily soluble in water or alcohol. It is a strong base, absorbing 
carbon dioxide from the air, but is converted into salts by' one equivalent 
of acid. The fatty acid salts are converted on heating into guafianiiTMs, 
which form crystals of peculiar shape. 

It is obtained by heating cyanamide with ammonium iodide : 
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NH J + CX-XHo = XH : C(XH; 2 ) 2 . HI : or, better, as thiocyanate by heating 
thiourea with ammonium thiocyanate at 190° : 

XCS-XHj, + SClXHa)^ = H^S + XH : C(XH3)2, XC-SH. 

It may aLo be obtained from dicyanodiamide by the action of aqua regia 

(C. Ulpiaiii, 1907). 

Giiaiiicline is readily liydrolysed, forming first amnioiiia and urea and 
then CO 2 and XHg. 

Guanidine Nitrate, XH : C^XHola? HXOo, converted by concentrated sulphuric 
acid into nitrognanidim. XH : C(NHo)(XH-N02), and this, on reduction, gives amino- 
gmundiiic. XH : ClXH.^fXH'XHo). The latter gives hydrazine, (XHglo, XH^, and COg 
(III h\dr«jl\ j'L-' With aeid or alkiili, whilst with nitrous acid it yields Diazoguanidine 
{imiiifit'nihamidtazidt), XH : CXXHoI'Xaj Avhich is resolved by alkali into hydrazoic acid 
{s*c voL i, p. *327) and cyanamide. 

From ainjiiuguamdine can be obtained Azodicarbonamide, XH2*C0’X : X’CO'XHg, 
and Hydrazodicarbonamide, XH2‘C0*XH*XH*C0*XH2. 

GLYCOCY AMINE, NH : C(NHo)-NH-CH2*C02H, is formed by the union of glycocoll 

.NH-CO 

with cvananiide, and if water lo'-'t Glycocyamidine, XH : C\ j , is obtained- If 

however, instead of giveocoll, its methyl-derivative is taken, sarcosine, COgH-CHg- 
XH-CHa (melts at 115° and is neutral), results, creatine and creatinine being obtained 
simile riv. 

CREATINE, NH : CiNHa) -NlCHsl-CHg-COaH, is obtained from meat -extract, being 
a stable component of muscle. It has a neutral reaction and is soluble in water and 
spiiringly so in alcohol ; it crvstalbses with IHgO, has a bitter taste and, when heated 
with acid, loses 1 niol. of water of constitution and forms creatinine ; on complete 
hvclrolvsis, it edves urea and sarcosine. 

.NH CO 

CREATININE, NH : C\( | is a weak base and dissolves very readily in 

Xn(CH3)-CH2 

water, giidng creatine again. It is one of the constituents of urine and forms a 
characteristic zinc salt, 2 mols. of creatinine combining with 1 mol. of ZnCJg. When 
III drolysed, it gives ammonia and mcthylhydantoin. 

URIC ACID AND ITS DERIVATIVES 

When the tuo amiuo-groups of urea condense with the two carboxyl 
groups of a dibasic acid with expulsion of 2 mols. of water, ureides {see above) 

xNH-CO 

are obtained. Thus oxahe acid yields 'pambanic acid, COCf [ ; 

^NH-CO 

NH* CO 

malonic acid, barbituric acid, ; tartronic acid, dialluric 

acid, and mesoxalie acid, alloxan, however, only one 

molecule of water is eliminated, one amino- and one carboxyl-group remaining 
unchanged, uroacids are obtained, e.g, oxaluric acid, NHg-CO^NH'CO-COaH, 
and alloxanic acid (from mesoxalie acid). 

These ureides are usually well crystallised, and are aminic and also 
markedly acid in character. On hydrolysis, they give first the corresponding 
iiroacid and then urea and free aeid. They are sometimes formed on oxida- 
tion of diureides (^ee below) ; thus pambanic acid is obtained by oxidising 
urie aeid with nitric acid. The alcohol-acids and the aldehydo-acids also 
give such condensations (see above), yielding, for example, hydantoin, hydantoio 
acid, and allaniuric acid^Jiiom ^lyoxylic acid). 
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When 2 mols. of urea take part in the condensation, diureides are 
obtained, these forming the uric acid group " 


(1) HX- 

— CO (6) 

f 

(2) CO 

(5) C— NH- 

1 

11 

(3) ]STI- 

— G—EK' 


(4) (9) 


^CO (S) 


and its derivatives : araithinc, caffeine, theobromine, guanine, hypoxanthlnc, 
alloxanfhine, purpuric acid, allantoin, &c. The positions of the .substituent 
groups are indicated by the bracketed numbers shoTO in the above fornmia for 
uric acid. During recent years successful attempts have been made, by means 
of eth^d cyanoacetate, to s^mthesise all these xanthine bases and to convert 
them, one into the other (see Berichte der deutsch, chem. Geselh., 1899, 32, 
p. 435). 

As a general rule, the ureides and diureides have a more or less marked 
acid character and, as they contain no carboxyl group, this acidity is explained 
as due to the existence of these compounds in tautomeric forms, just as is 

CH,— COv^ 


the case mth succinimide, 


y 


In the latter, it is assumed that 


CH2— CO'^ 

the iminic hydrogen atom is very mobile and undergoes displacement and 
union with the oxygen of the neighbouring carbonyl group, a double linking 
between carbon and nitrogen being formed and an acid hydroxyl group 
capable of forming salts with metals. The tautomeric formula of Succinimide 
CH2-C{OH)y /X:C-OH 

I yN, and that of Parabanic Acid C0\ ’ 

GH. 


would hence be 


-CO" 


"XiC-OH 


similar formulae hold for uric acid and barbituric acid, the latter functioning 
as a dibasic acid (in this case, however, the acid character is perhaps to be 
attributed to the hydrogen of the methylene group, CHg). 

Several diureides are found in nature, e,g. in guano, in the urine and 
muscles of carnivora, in the excreta of serpents, in articular concretions, and 
in certain plants (theobromine in cocoa, caffeine, &c). 

The constitutional formulae of the more imporiant diureides are as follow : 


CO< 


CO 

I 

^N(CHs)— CO 


Dimethylparabanic acid 
(cholestrophane) 


CO( >GH 

XjSTH GO/ 

Methyluracyl 


0. 


^_CO-NH 
/Y<-CO— 

Ailoxanthme 


PTT NH — r<(\ 

G(OH)<^,q_j^>CO 


Murexide 


GO/ I >CO 

CO—NH/ 


' Allantoin 


N — C — N 


OH G- 




CO 


II II / 

GCl 0 — 


N-CH 

Pnrine 


isr = cGi 

TrieWoroporine 
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CHa-X-CO CHs-X-C — X. 

CO CH-XH-CO-XH, 


I |j .CH 

CO C — XR/ 


CHa-X — CO 

Diiiiet I Gv I p-cuduU! i<* a c ui 


CH./X- 

CO 

1 


-X 


C-~X(CH.)^'' 


.CH 


I ! 

CHo-X — CO 

IbooplijlliiiC 

_X XH — C N, 

A'H I II ^.CH 


XH 


CHs-X — CO 

Cdfft RH' 


CH (J 
XH— CO 

Hypoxanthiiic 




00 C — NH^ 

1 i 

XH— CO 

Xanthine 


x — c - x^ 

11 li 

CH 0 — XH" 
X = C-XH. 

Aden 1 re 


XH — 0 


N 


X‘H 


XH:C 0 — XH 

i I 

XH — CO 

Guanine 


/ 


;cH 


URIC ACID, C-^HiOgNt. Syntboexs of imc acid are many and various ; from cyano- 
ficetic acid, or jilvcoculi or isodialuric acid, by beating with urea ; from aminobarbituric 
acid and pota‘<sixim cyanate ; from ethyl acetoacetate and urea, passing through methyl- 
uracyl, nitrouracyl, hA'droxyuracyl, and isodialuric acid. The following scheme represents 
the various steps of the sAuithesis from malonic acid : ^ 


XHa 


CO -OH 

i 


XH 

— CO 

1 

NH - 
I 

- CO 

1 


1 

CO 

1 


i 

CHo 

— 

CO 

1 

CHg — ^ 

1 

CO 

1 

C;N 

1 

•OH — > 

XH. 


CU-OH 


XH 

— CO 

NH 

1 

— CO 


Uiea 


Jlalonic acid 


Barbituric acid 

Violuric acid 


XH — 

00 


XH - 

f 

1 

-0 

0 


NH 

1 

— CO 

1 


1 

CO 

XH — 

i 

CH-XH« — ^ 

! 

CO 

1 

CO 

i 

XH - 

CH - 
1 

- CO 

-- NHv — ^ 

yco 

XHo"'"^ 

1 

CO 

NH 

1 1 
-0=0 

1 

NH. 

>C0 

NH/ 


Uramil Pseudouric acid Uric acid 


Uric acid is a feeble dibasic acid {see above), and forms a white, amorphous substance 
in-oliible in ak-oiiol or ether and almost insoluble in water. It dissolves, however, in 
concentrated sulphuric acid, from w’hich it separates unchanged on dilution with water. 
It is extracted from guano, the excrements of serpents, and the urine of carnivora. 

Evaporation of uric acid with dilute nitric acid and treatment of the residue with 
ammonia yields miirexide, which forms yellowish green crystals which give a purple 
acpieous sohxtion, turning blue on addition of alkali (characteristic reaction for uric acid). 

THEOBROMINE (3 : 7-Dimethyl-2 : 6-dioxypurme), C7H8O2N4 or 


CH,-X — C 




CO C — X(CH3 

1 I 

XH- CO 




CH, 


is extracted from coena,^ and forms white, bitter-tasting crystals, slightly soluble in water 


* liie comiliiitmi of uric acid was demonstrated first by Jledicus, and later, by various syntheses, by B Fischer 
fLiebiu’s Annalen, 1882, 215, p. 253). The presence of a chain, — 0 — 0 — C — , and of a carbonic acid residue 
is shown by the formation of urea and alloxan when unc acid is treated in the cold with nitric acid. The presence 
ot four immo-gronps is deduced from the fact that, by introduction of four methyl groups and subsequent hydro- 
lysis, the four atoms of nitrogen are eliminated as mefhylammo. A large part of the uric acid molecule is rendered 
evident by the formation of allantoin (of known constitution) on oxidation with alkaline permanganate, and by 
the formation of methyiurea and methylalloxan on oxidation of dimethyluiic acid. 

* Cocca and Chocolate. Cocoa is placed on the market in the form of large violet seeds of Theobroma cacao, 
which grows wrell in the Antilles, Mexico, Guatemala, Java, Borneo, Bgpierelda (equator), The red or brown 
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or alcohol. It behaves as a weak acid and a weak base. With methyl iodide, the silver 
suit pelds caffeine. 

CAFFEINE/ Cj5Hi,j 02N4 + HoO (coii.>titutioii given above), is identical with theiiie - ; 
it torms shining needles winch readily siiblinie, are sparingly soluble in alcohol and in 
water, and have a rather bitter taste. Spithetically it is obtained, for example, from 
ethyl cyanoacetate or malomc acid and dimetliylurea. 

GUANINE, C5H5ON5 (constitution given above), is a di-acid base, but forms salts 
also with bases. It is a white powder insoluble in water but soluble in ammonia. On 
oxidation with potassium chlorate and hydrocliloric acid, it gives carbon dioxide, para- 
banic acid, and guanidine. 

XANTHINE, C5H4O0N4 (constitution given above), is a white powder and acts as 
both acid and base. It is obtained from guanine by the action of nitrous acid, and its 
lead salt reacts w^ith methyl iodide, giving theobromine. 

ADENINE, C5H5N5 (constitution given above), forms shining needles and is a base 
occuiTing in tea and in ox-pancreas. It is formed by decomposition of the nuclein of 
the cell -nuclei and is hence of physiological importance. 

VIIL ESTERS 

(Oils, Fats, Waxes, Candles, Soaps) 

The compounds or esters formed by alcohols with inorganic acids have 
already been studied {see p. 196), and we shall now consider the esters resulting 

mature Irmts resemtile cucumbers, each containing 50 to 60 seeds like beans. The seeds are separated from the 
pulp, heaped m casks for 4 to 5 days to initiate the fermentation -which increases the perfume, and then dried 
in the sun The chemical composition difieis considerably with the variety : fatty substance (cocoa-butter), 35 to 
45 per cent. ; proteins, 3 to 18 per cent. ; cellulose, 3 to 25 per cent. ; gums and starch, 3 to 15 per cent. ; ash, 
3 to 4 per cent. Cocoa-butter (or cacao-butter) is extracted by pressing the seeds hot, and forms a faintly yellow 
mass of pleasing odour ; it melts at 29® to 31®, and contains the glycerides of arachic, jjaluntic, oleic, stearic, and 
lauric acids. 

In the manufacture of chocolate, the seeds are washed in suitable sieves and then gently and cautiously heated 
for 30 to 40 minutes to facilitate skinning They are next ciuahed in mortars or lotating C 3 ’linders, the flour 
obtained being made into a paste ^Mth sugar and is woiked lor a long time on stone rollers, different mgredients 
and flavouring matteis being added to give the different kinds of chocolate ; the homogeneous pa-^te then passes 
to the moulds Grood chocolate contains from 40 to 00 per cent of cocoa, the rest being sugar ; ordinary qualities 
contain 10 to 15 per cent of starch. 

Italy imported 12,000 quintals of cocoa m 1901, 93,000 in 1908, and 24,000 (including 5200 quintals in powder 
or paste), -worth £185,200, m 1910, in addition to 3380 qmntals of cocoa-butter of the value of £48,080. Cocoa 
costs about £8 per quintal, and pays an import duty of £4 (m Italy). The imports of chocolate into Italy were 
8000 quintals m 1901 ; 10,900 in 1908 ; 15,000, worth £180,000, m 1910 ; the import duty being £5 4s. per 
quintal. Italy exports, on the average, 2300 quintals of chocolate, of the value £28,000, per annum. 

1 Coffee consists of the seeds of one of the Rubiaceoe (Coffea arabiea), -w’hich grows spoutaneouhly in Southern 
Ethiopia and Arabia, and is cultivated on an enoimous scale m India, the Antilles, iladagascar, and Sooth America. 
It IS an evergreen plant, 6 to 9 metres high and of pyramidal habit, wuth grej-'ish branches and lanceolated leaves, 
the flowers (at the base of the leaf) being white and pleasant -smelling, like jehsarmne. The fruit forms drapes 
like cherries, the epicarp passing from yellow to green to red to brownish, and the mesocarp being yello-w and 
of agreeable taste The endocaip is divided into two compartments surrounded by coriaceous membrane and 
each containing a seed, w'hich has one con\ex and one flat, furrowed face, and is covered by a friable pellicle 
the endosperm (albumen) is yellowush or greenish and homy. 

The form of the seed varies wuth the kind of the cottee (Coffea mauritiana, laurina, liberica, &c.). Mocha 
coffee berries are small and the Australian ones large, whilst those from the Antilles are intermediate in size. 

The cultivation of coffee has received a considerable impulse in Brazil, w'here as much as 400,000 tons (almost 
iialf the total production of the world) are now produced. Of the Antilles coffees, the most highly valued is that 
from Porto Bico. 

Coffee berries are composed of celluloses (IS per cent.), fatty matters (12 per cent ), gummy and saccharine 
substances (10 per cent ), nitrogenous compounds (12 per cent.), mineral salts (4 to 5 per cent.), a tannm (caffe- 
tanme acid, 8 per cent.), caffeine (0 8 to 1 3 per cent ), caffeanne and water (11 per cent.) , When roasted, coffee 
develops aroma and loses 15 to 20 per cent, m w’eight, but increases m volume by one-third, while the sugar 
caramelises and the cellulose carbonises partially, forming a brown oil which is denser xhan water, dissolves in 
ether, and constitutes the aromatic substance (caffeone) Roasted coffee contains, on the average, 1*5 per cent, 
of wnter, 13 per cent, of nitiogeiious substances, 0 8 per cent, of sugars, 13 5 per cent, of fats, 4*8 per cent, of 
ash, 0 9 per cent, of caffeine, and 46 per cent, of non-nitrogenous substances ; to hot wnter this coffee gives up 
about 25 per cent, of its weight. 

In 1900 Italy imported 141,000 quintals of coffee ; in 1908, 227,600 quintals ; and m 1910, 253,000 quintals 
(about four-fifths fiom Brazil), otthe value of £1,062,080 ; the former Customs duty of £6 per quintal was lowered 
slightly m 1909. 

^ Tea IS an evergreen shrub, TMa chiyiensis (order Ternstioemiacese), cultivated in Chma, Japan, British India, 
Java, Ceylon, and Brazil. The leaves (similar to those of the white willow) are twisted, dried, and folded, prior 
to rapid iminerbion m boilmg "water and drying on heated plates (4 kilos of leaves yield 1 kilo of tea). Com- 
mercially the numerous varieties are grouped into three types : green, black, and scented, the last two being 
slightlj fermented. The active alkaloid is Theine (see aboie). The best infusion of tea is obtained by macerating 
for thirty minutes in cold water and then adding boilmg water, the liquid being poured off before it becomes 
very brown and excessively rich in tannin (20 gnus- of tea per litre of slightly hard water). Trance imported 
475,000 kilos of tea in 1882 and 1,160,000 kilos in 1906. Italy imported 69,000 kilos in 1908 and 73,600 Mloa, 
of the value of £11,120, in 1910, the Customs duty being £10 per quintal, 

II 
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from the substitution of the tA’pical hydrogen of organic acids b}’ alkyl radicals. 
Various isomerides exist with these compounds, e,g. methyl butyrate is 
isomeric with ethyl propionate, butyl formate with propyl acetate. Attention 
will, however, moi'e especially be paid to the esters of glycerine {glycerides)^ 
since on these ai^e based the fat, oil, soap, and candle industries. 

PREPARATION. These esters can be obtained by the general methods 
already described {loc, cii ), e,g, hj the action of the acid chlorides or 
anhydrides on the alcohols or sodium alkoxides : 

C^H-CO-Cl + an^-OH = HCI + CgHs-COOCgHs. 

They are also formed by the interaction of the silver salt of the acid and 
the alkyl iodide, and by the action of gaseous hydrogen chloride on a hot 
aiec^holie solution of the nitrile of the acid. Further, the alcohols and acids 
themselves react, slowly in the cold and more rapidly although not completely 
in the hot, A\ith formation of estei's : 

+ CH.-COoH = CH3-COAH5 + H^O. 

In practice the prejiaration is carried out as follows : the dry organic 
acid is mixed with an excess of absolute alcohol and the mixture saturated 
vith dry hydrogen chloride gas, left for some time in a moderately warm 
place and then poured into water ; the ester separates in an insoluble form 
after neutralisation of the aqueous lic|uid with alkali in the cold. 

In this reaction the acid chloride is probably formed as an intermediate 
product ; CH3-C02H -|- HCI = H2O + CHg-CO-Cl ; the latter — ^which with 
water might give the reverse reaction — ^being in presence of excess of the 
alcohol, forms the ester (equation given above). But esterification is never 
complete, the reaction being a reversible one : 

ZZL HoO + 

After a certain time a syhtein is obtained which contains given quantities of alcohol 
(u), acid (b), water and ester The same equilibrium is attained by mixing 1 mol. of 
tester and 1 mol. of water as by mixmg 1 mol. of acid and 1 mol. of alcohol, and this 
equilibrium is represented by the following equation for bimolecular reactions {see vol. i, 
p, 57): k{a — z){b — ;3)l ~ where a and b represent the respective initial concentra- 
tions of alcohol and ester and 2 : that of the ester and w^ater when equilibrium is reached, 
all exp^e^sed m ynols, (gram -molecules ) ; k and are constants depending on the nature 
of the reaction and, according to a definite law, shghtly on the temperature. If, for 

convenience, -d is made equal to K, the equation becomes : {a — z){b — z) == KzK 

With 46 grms. of alcohol and 60 grms. of acetic acid (gram-molecules), it is found 
experimentally that K — 0*25, and, as a and b both assume the value 1, 1 mol. of 
each reacting, the equation becomes (l—s)^ = 0 * 252 : 2 , i.e. 1 — 2 = 0*5 z or 2 = f . This 
means that when a state of equilibrium is reached, the system contains J mol. of acetic 
acid -f J mol. of alcohol -f f mol. of ester + f mol. of w’^ater. Every substance partici- 
pating in the equilibrium acts in proportion to its mass. If the above equation is given 

the form — — = E — — ^ , it becomes evident that, in order to displace the equilibrium 

so as to have a greater value of 2 {i.e. of esterification), the value of a must be iucreased 
and that of h decreased, esterification being complete when a = 00 . The same final 
result IS obtained when b is much greater than a, esterification again being complete 
when & « cc. In practice, almost complete esterification is attained when 1 mol. of 
acid is employed per 10 mols. of alcohol or vice versa. That the same result is obtained 
with excess of alcohol as with excess of acid is shown by the above equation, since, if 
instead of m mols. of both acid and alcohol, % times as many molecules of acid are taken, the 

equation becomes : = E — ; whilst if n times as many molecules of alcohol are 

2 n.m — 2 
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taken, it becomes : ^ == K — — • But these two equations are identical, multiplica- 

z m — 3 

tion of the terms of the tornier bv gi'^dng the latter. 

" m — s 

The limit of esterification is modified but slightly by change of temperature and 
amounts, in the case of acetic acid, to 62 2 per cent, at 10° and to 66-5 per cent, at 220°. 

The esters of monohydric alcohols and monobasic fatty acids are neutral 
liquids lighter than water (0*8 to 0*9) and pleasant smelling (some forming 
artificial fruit essences) ; they are sHghtly soluble in w'ater (the first members 
more soluble than the higher ones) and they boil undeeomposed. 

means of Grignard’s reaction {see p. 203), they afield tertiary alcohols 

The esters are hydrolysed into their components when heated with alkali, 
mineral acid, or aluminium chloride, or superheated with water. The mineral 
acid has a purely catalytic accelerating action on the following reaction due 
to the water, which is very slow in its action : 

CHg-COARs + H2O - CsHu-OH + CHs-COoH. 

With bases, the hydrotysis is ex^iressed by the equation : 

CHs-COAHs + NaOH = + CHs-CO^Xa. 

The hydrolysing velocity of acids and bases depends on their degrees of 
dissociation, i.e. on their strengths, so that feeble acids and bases hydrolyse 
far more slowty than the strong ones. In the ease of acids, the h 3 "drolysis 
is caused the hydrogen ions, and in that of bases bj^ the h^'drox^d ions. 
In the latter instance, however, the velocit}^ of h^'drolysis is greater than 
vfith acids, and with methyl acetate, the value of K for deeinormal potassium 
h^^droxide is 1350 times that for deeinormal lu’-drochluiic acid. In the hydro- 
l^'sis of fats, the acids of which are feeble and the resultant salts therefore 
h^'drotytically dissociated to a marked extent {i.e. even with excess of fattj’ 
acid, there aiwaj’-s remains free base or h^^drox^d ions) complete h^^drotysis 
is obtained industrially’ with a quantitj" of base {e.g. lime) much le-ss than that 
required theoreticall 3 \ 

As has been already mentioned, the first ethers of the monobasic acids and 
monoM^dric alcohols are, in general, substances of pleasing odour and are 
u*sed vdth suitable admixtures as artificial fruit essences,^ 

ETHYL FORMATE, H-COOCaHg, boils at 55° and is used for artificial 
rum or arrack. 

ETHYL ACETATE, or Acetic Ester, CH 3 -COOC 2 H 5 , is used in medicine 
and for the preparation of ethyl acetoacetate, which is of considerable import- 
ance in organic S 3 Titheses. It is prepared by heating alcohol with acetic and 
sulphuric acids under the conditions given above. It boils at 77° and has the 
sp. gr. 0*9238 at 0°. Methyl Acetate boils at 57*5° and has the sp. gr. 0*9577. 

* AMYL ACETATE, CHs-COOCgHii, is used in alcoholic solution as essence 
of pears. It boils at 148°. 

^ Commercial fruit essences are prepared from the following mixtures of esters, and cost from 2«. 6<f. to 5s. 
per kilo : 

Essence of pineapple : 25 gnns. ethyl butyrate + 135 gnns. amyl valerate + 5 grms. chloroform + 5 gnns. 
aldehyde + 850 gnus, alcohol. 

Essence of apples : 50 grms. ethyl nitrite + 50 grms. ethyl acetate + 100 grms. amyl valerate + 40 grms. 
glycerol + 7-5 grms. aldehyde + 75 grms. chloroform + 745 grms. alcohol. 

Essence of pears : 200 grms. amyl acetate + 50 grms. ethyl acetate + 100 grms. ethyl nitrite + 20 grms. 
glycerol + 630 grms. alcohol. 

Essence of apricots : 35 grms. benzaldehyde + 190 gnns amyl butyrate + 10 grms. chloroform + 765 grms 
alcohol. 

Essence of strawberries : 27 grms, amyl acetate + 18 grms. amyl valerate + 9 gnns. amyl butyrate + 9 grms. 
amyl formate + 15 grms. ethyl acetate + 7 grms. essence of violets + 915 gnns. alcohol. 

Essence of peaches : 100 grms. amyl valerate + 100 grms. amyl butyrate -p 20 grms. ethyl acetate + 10 gima. 
benzaldehyde + 770 gnus, alcohol. 
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ETHYL BUTYRATE, CgH^-COOCoH;. boils at 12 Land is used as essence 

(»f pineapple and in min. 

ISOAMYL ISOVALERATE, CiHc,* COOC^Hh, boils at 194" and is used 
ill essence of apples. 

The higher es'/tos* form constituents of i^axes (Cetyl Palmitate, 

: Melissyl Palmitate, ; Ceryl Cerotate, 

&c.) These higher ester., distil unchanged only in a vacuum ; 
under ordinary pressure they decompose into olefines and fatty acids. 

Esters of Polybasic Acids are prepared by the general methods described 
above : acid esters are obtainable if one or more of the carboxyl groups are 
not esterified. 

The esters of oxalic acid are obtained, for instance, by heating anhydrous 
oxalic acid with alcohols, the normal ester being separated from the acid 
ester by fractional distillation. 

The importance of Malonic Esters in organic syntheses has already been 
illustrated on pp 308 ei seq ; the normal methyl ester boils at 181° and the 
ethyl at 198° (sp. gr. 1-068 at 18°). The two hydrogen atoms united with 
the middle carbon atom can also be replaced by alkyl groups. Thus, for 
example, Ethyl Dimethylmalonate, (C 2 H 5 - COo) : CXCHglg, is obtained from the 
>odium derivative by treatment with methyl iodide. These compounds, 
when heated, lose COo and yield alkylaeetic derivatives. Similar relations 
are found with the alkyl derivatives of succinic acid or esters. 

The preparation of Ethyl Acetoacetate and its importance in organic 
syntheses have been dealt with on p. 332. 

The Normal Methyl Ester of succinic acid, CH 3 -CO 2 * CHg-CHg-COa-CHg, 
melts at 19° and boils at 80° under 10 mm. pressure ; the ethyl ester boils at 

21ir. 


GLYCERIDES, OILS, FATS 

Glycerol being a triliydric alcohol, its three alcoholic groups may be 
partially or wholly esterified by acid residues. It suffices, indeed, to heat 
glycerol "with fatty acids to obtain mono-, di-, and tri-glycerides. These 
glycerides are also formed by the action of the tissues of the pancreas on a 
mixture of oleic acid and glycerol, a still better method for s\mthesising fats 
being the treatment of the sulphuric ethers of glycerol with fatty acids dis- 
solved in concentrated sulphuric acid. Most fats and oils are formed of 
triglycerides, which, according to the nature of the fatty acid saturating the 
three alcoholic groups of the glycerol, are termed Tripalmitin (melts at 60°), 
Tristearin (melts first at 00 ° and, after resolidification, at 71*6°), and Triolein 
(iiciuid, solidifying at about 0 °). 

Triolein, which is the principal component of liquid fats and especially 
of olive oil, is formed by the esterification of the glycerol molecule with 3 mols. 
of oleic acid (see p. 298) : 

CHo-O-O-CigHss 

I " 

CH-O-O-C'xgHsa 

CH.,-0-p-Ci8H33. 

Mono- and di-glyeerides are not found in the fats (only ravison oil contains 
a diglyeeride, dicrucin'; see also esters of polyhydric alcohols and glycerol 
with mineral acids, pp. 213, 222 et seq.). 

Certain fats (butter, cocoa-butter) contain mixed triglycerides, i.e. with 
different acid radicals, some of them being of acids of low molecular weights, 
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soluble ill water.^ A. Grun (1906-1909) synthesised mixed glycerides con- 
taining three acid residues, all different.- The most simple glyceride is 
Triformin, 03115(00211)3, which was obtained crystalline by P, van Romburgh 
(1910) by protracted heating of glycerol with ioo per cent, formic acid ; it 
crystallises with difficulty, melts at IS", boils at 266^ (762 mm. pressure), 
and at* 210", under ordinary pressure, decomposes. It is hydrolysed slowly 
b}" cold w*ater, rapidly by hot . 

Oils and fats have coeffieient.s of expansion greater than those of other 
liquids (100 litres of olein at 0" become 101*6 at 20'). 

Fats and, still more, w*axes contain also noii-glyceride components, c.g. 
Cetyl Alcohol, Ci^Hg^O, which, as such or as palmitic ester, forms one of the 
principal constituents of spermaceti fat. Cerotic Acid, 007115202, and its ester 
occur ill large proportions in w^ax. Xoii-hjjrholy sable substances (cholesterol, 
phytosterol, isocholesterol, aromatic alcohols, &c.) are always found in small 
quantities in fats {ohve oil, about 0*7o per cent. ; ravison oil, 1 per cent. ; 
cotton-seed oil, 1*6 jier cent. ; lard, 0*25 per cent. : cod liver oil, O-b to 3 per 

^ Volatile fatly acids soluble in iiatet. The number of c c of deciiiomial hvdiovicU solution requiied 

to neutralise the \olatile fatty acids soluble 111 nater from 5 giim. of the fat, const the ^ 0 "ca^led Reichert- 
Meissl-Wollny number and ber\eb to ascertain the puritj of eeitam lats, e^peciallj rd butter. The deter- 
mination IS made ab follows . exactly 5 grrob of the fat {mcit»'d at a low temperature and lapidlj filtered) aie 
heated m a flask of about 350 c c capacity with lU c c of alcoholic x^otash (20 griU'. of KOH in 100 e e, 70 per 
cent, alcohol) on a water-bath with frequent bhakuig until ulmo-st all the alcohol inaporated ; the remanidei 
of the alcohol is completely expelled by bhaking the fla.Nk and intioilucing a cuirent of air e\erv half- minute. 
After about tw^enty minutcb, when the smell of alcohol ib no longi r detectable, lUO c c of distilled water are 
added, the heating being continued until a clear bolution ib obtained (if the liquid does not become flear the te^t 
must be commenced anew, hj drolysis being incomplete). To the tepid bolution are then added 40 c.c. of dilute sul- 
phuric acid (1 vol. cone. H 2 S 04 -r 10 vols water) and a few fragments of pumice the fiabk be ng then placed on a 
double wire-gauze and the liquid distilled, the dimensions of the apparatus being ^hown in mm n Fig 248 In about 
half an hour, exactly 110 e c of liquid distil o\er , thib is mixed and filtered through a dr> filter 100 c c of the 
filtrate being titrated wuth dccmomial KOH bolutioii in presence of phenciphthalein. The 
volume of the alkali used is increased by one-tenth ofits value (the \olume of the distillate 
being 110 c c ) and dimiiubhcd by the number of c c of the alkali obtained from a control ex- 
periment made without fat as a check on the reagents employed. The result is the Keichcrt- 
Meis^l-W ollny number. At the present time many laboratories employ the Leffinann- 
Beam-Polenske method w hich effects more rapid hydrolysis {see later. Butter) For butti r 
the limits for this number allow ed b> law are 26 to 31-5 (Municipal Laboratory of itilan), the 
butter being suspected if it gi\ es a value of 22 to 26. although the butter of certain districts 
and from certain animals may, m exceptional cases, give a number as low a^* 21. The \ alue 
for rancid butter, e\eatwo months old, is only slightly lower (bv about 2 ) than the normal. 

Insoluble fatty acids. The quautitj’ of fattj acid insoluble m water obtainable from 
100 parts of fat is called the Hehner number, and is determined as foliow's . into a flask 
of about 200 c c. capacity are dropped, from a weighed vessel containing the dry filtered 
fat, 3 to 4 grms. of the substance, the vessel being then reweighed exactly After addition 
of 50 c.c. of alcohol and 1 to 2 grms. of KOH, the flask is heated on a water-bath for 
five minutes, a clear solution being obtained. If the addition of a drop ot water produces 
turbidity, saponification is incomplete, and the heating is contiiiued tor a further period 
of five minutes, the liquid being then tested as before E\apoiatioii is then continued 
until there remains a dense mass, which is taken up m lOU to 150 c c. of water, acidified 
with dilute sulphuric acid, and heated until the clear fatty acids float on the smface. 

The liquid is then poured on a diy, tared filter (about 12 cm m diameter and in a funnel 
either w'lthout a neck or with a very short one), pre\iouslj lialf filled with hot waiter. The 
acids are washed wnth boiling water until tlie wa-.hing water ceases to show an acid 
reaction (as much as 2 litres of water are sonietmieh reqmied) The filter is then cooled 
in a beaker of water so that the fatty acids solidify The filtci is then detached from 
the filter and introduced, wnth the acids, into a tared beaker, which is. heated man oven 
at 100 ° to 102 ° until its weight lemamh almost constant (difference between two weighings less than 1 mgrm.). 
The w*eigM of fatty acids, referred to 100 parts of fat reproents the Hehner number. 

Unadulterated fats generally have Hehner numbers of 95 to 97 (for butter it is 87-5 , for coco-nut oil, 85 to 
92 ; for palm oil, 91) 

» The synthesis of triolein has been applied piactically by G. Gianoli (1891) to dimmish the ranc dity of oils, 
especially of ohve oil obtained from the husks by means of caibon disulphide This oil contains 20 to 30 per 
cent , 01 even more, of oleic acid, and is heated m an autoclave with the corresponding quantity of glycerol (or 
even a slight excess) at 250° in a slow^ stream of CO 3 , or m a \acuum with a trace of oxalic acid to facilitate mixing 
of the liquids and avoid blackening of the mass owing to the piesence of hydroxy-acids ; the distillation of the 
water formed in the reaction is hastened by adding fragments of tin to the mass. This procedure yields a neutral 
or almost neutral oil with an iodine number leas than 75 and a marked viscosity, so that it can be used even for 
mixing with lubricating oils. Bellueci (1911) also achieved an almost quantitative synthesis by heating together 
the theoretical proportions of glycerol (1 mol.) and fatty acid (3 mola.) at 180° to 260° foi two hours in a vacuum, 
so as to expel the water formed, which would otherwise produce the reverse reaction ; in a current of COa, the 
same reaction takes place at the ordinary pressure A. Walter (1911) obtained a mixture of tn- and di-oleins 
bj. treating gljTerol and acetic acid in presence of the enzymes of castor oil seeds, which act as eatalybts. Indeed, 
catalysts cause reversible reactions, and w’hile in piesence of water the enzjmes of castor oil seeds hydrolyse fats 
{see p. 409) with foimation of glycerol and iattj acids, if water m excluded as much as 35 per cent, of tm fatty 
acids can be converted into glycerides, 
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cent. ; tallow, 0-02 to O-G per cent. ; bone-fat, 0-4 to 2-4 per cent. ; wool-fat 
more tban 7 per cent.). The oils of cereals and of LeguminosecB contain 

abundant amounts of LECITHIN, (Ci 8 H 350 a)aC 3 H 5 -P 04 <^^^^Q|J® 


which 


is decomposed by the enzyme of the pancreas or castor oil seed, but not by 
that of the blood {serum-lipase). The fat of peas contains 1*17 per cent, of 
phosphorus or 30*4 per cent, of lecithin, and that of wheat, 0*25 per cent, of 
phosphorus or 6*5 of lecithin ; the amount of lecithin is obtained by multi- 
plying that of phosphorus by 26. 

" Fresh fats and oils contain minimal proportions of free fatty acids (less 
than 1 per cent.), these increasing with lapse of time, especially if the fats are 
not melted. 

This rancidity is facilitated by sunlight and also by the protein sub- 
stances of unrefined fats and oils. Coco-nut oil does not readily turn 
rancid, but with olive oil the proportion of free oleic acid reaches 25 j)er 
cent., and with palm oil as much as 70 per cent, of free acids may be formed. 
The taste and smell of fats depend, not on the glycerides, but on other 
substances. 

The specific gravity of oils and fats varies from 0-875 to 0*970 {see Table 
given later) and is determined by means of an aerometer or Westphal balance 
{see vol. i, p. 73). They are almost completely insoluble in water, acetone, 
or cold alcohol (this dissolves a certain amount of castor oil and of olive- 
kernel oil). The solubility increases in boiling alcohol and is cotnplete in 
ether, chloroform, carbon disulphide or tetrachloride, petroleum or petroleum 
ether (in the last two, castor oil is slightly soluble, while ether dissolves a little 
pure tristearin ) } 

When heated on a spatula held some distance above a flame, all fats give 
greenish flames' owing to the presence of carbon monoxide and sodium ; also 
all fats are blackened by osmium tetroxide (sensitive reaction). 

Oils dissolve small quantities of sulphur or phosphorus and larger quan- 
tities of soaps even when they are dissolved in ether or petroleum 
ether. 

The oxygen of the air exerts a marked and rapid influence, 
as it is fixed by the drying oils (linseed, walnut, hemp-seed, poppy- 
seed, &c.), which are thus transformed into varnishes, this occur- 
ring more readily if the oils are boiled with oxide of lead or 
of manganese. 

With the other — ^non-drying — oils, the aii' (together with light) 
gradually causes rancidity, which, however, some attribute to th(‘. 
action of bacteria, or rather to hydrolysing and oxidising enzymes; 
however this may be, the acidity increases owing to formation 
of butyric, caproic, oleic, &c., acids, but the rancid taste and 
smell are due more especially to the formation of aldchydic, 
ketonic, and ethereal substances, hydroxy-acids, and volatile 
acids which can be eliminated by repeated washing with dilute 
solution of alkali and subsequently of bisulphite (for the alde- 
hydes and ketones, see later. Renovated Butter). 

^ To determine the quantity of fat contained in any solid substance, a weighed portion of 
the latter in a finely divided, dry state (5 to 15 grms. arc taken and, if pasty, mixed with 
fragments of pumice) is introduced into a filter-paper cartridge situate in a SoxhUt amamtws 
(Fig. 249). 

The Soxhlet apparatus is connected at the bottom with a tared flask resting on a water- 
bath, and at the top with a reflux condenser. From 100 to 150 c.c. of petroleum (‘ther or 
ether are then added and extraction continued for 2 to 4 hours in such a way tliat the 

Pia. 249. solvent siphons over 15 or 20 times per hour. A calcium chloride tube may be attached to 
the extremity of the condenser to prevent access of moisture from the air. The solvent is 
afterwards evaporated from the flask and the residual fat dried at 100'’ to 102° until almost 
constant in weight. 

Tho diifereiice between the weight of fat and that of the original substance gives the solids not fett. 
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When fats turn rancid, the iodine number^ is lowered and the index of 
refraction,^ the dropping or melting point (see pp. 5 and 16), and the acetyl 
number (see p. 189) rise. In butter rancidity is facilitated by the presence of 
the casein and milk-sugar, which give rise to other decompositions. Although 
not rigorously exact, the degree of rancidity is expressed by the number of 
c.c. of normal potash necessary to neutralise 100 grins, of the fat. A butter with 
10° of rancidity should be rejected. The free fatty acids in fats and oils are 
usually determined with a decuiormal alkali solution, 5 to 10 grins, of the fat 
being dissolved in 50 to 60 c.c. of a perfectly neutral mixture of alcohol and 
ether (1:2) and phenolphthalein being used as indicator. The acid number 
gives the number of mgrms. of KOH necessary to neutralise 1 grm. of fat. 

By passing a current of air through oils heated to 70'^ to 120°, the so-called 
blown or oxidised oils, rich in triglycerides of hydroxy-acids, are obtained. 
These are dark in colour and have the density of castor oil (but are soluble 
in petroleum ether), but if blown ” in the cold for a longer time, they are 

^ The Iodine Number is chaiiictenstic of a fat (see Table, p. 378), and expresses the percentage of iodine 
absoibed by the fat (^ e, by its uusaturatod components, e g oleic acid oi the coriospondmg glycerides, two atoms 
01 iodine being fixed for each double linking, see p. 87). This determination requires : (1) An iodine solution 
obtained by mixing, 48 houis befoie using, equal volumes of the two following solutions *. (a) 25 grms. of lodme m 
500 c.c of puie 95 per cent alcohol, and (b) 30 grms of meicuric chloride m 500 c c of pure 95 per cent, alcohol ; 
(2) a sodium ihwsuVpMte solution, piepared by dissolving 24 grms of the pure salt m a litie of water, the titre 
in iodine being ascertained as follows : 3*8657 grms of pure, dry potassium dichromate are dissolved in water 
at 15° and the solution made up to a litie ; exactly 20 c.c. of this solution are introduced into a flask with a ground 
stoppei, about 15 c.c. of a 10 per cent, potassium iodide solution (free from hydroxide) being added and then 
5 c c. of concentrated hydrochlonc acid This procedure results m the liberation of exactly 0 2 grm. of iodine. 
The thiosulphate solution is run into tins from a burette until the solution is only faintly yellow. A few drops 
of fresh starch-paste are then added and addition of the thio- 
sulphate continued until the blue colour disappears. It is thus 
found how much iodine corresponds with 1 c c. of thiosulphate 
solution, the strength of which remains constant for several 
months. 

The lodmc number is determined by dissolving a known 
weight of the fat or oil (0 2 to 0 5 grm. or, for drymg-oils, 0*1 to 
0'12 grm.), in a 500 to 800 c.c. flask with a ground stopper, 
m 15 c.c, of pure chloroform and adding 25 c c. of the iodine 
solution (prepared forty-eight hours previously, as stated 
above) ; if, after two hours, the liquid is no longer very brown, 
a further measured volume of iodine solution is added and the 
whole left m the dark. After six hours the excess of iodine left 
xmabsorbed by the fat is determined by adding 20 c c. of a 10 
per cent. KI solution, diluting with 150 c e. of water, and add- 
ing more KI if the reddish brown solution is not clear. The 
excess of lodme is then titiated with the thiosulphate solution 
in the manner already described. Immediately afterwards, 25 
c.c. of the lodme solution employed are titrated. The difference 
between the two values thus obtained, expressed as grammes of 
iodine per 100 gims, of the fat, represents the iodine number. 

“ The index of refraction is measured m the 2Jeiss Bxityro' 
refractometer (Kig. 250), by observing the total reflection of 
a very thin layer of oil oi fat .situate between two prisms, -p, 
mounted in the two chambers, A and B (the latter lotates on 
the hinge, C, so as to squeeze uniformly the film of oil smeared 
in V ; the screw, J?’, fixes B against A). Indirect light from the 
sun or from a powerful sodium lamp is passed through the 
prisms by means of the mirror, /, and the limit between the 
light and dark portions of a scale reading from 0 to 100 is read 
through the eye-picco, K. A thermometer, iif, indicates the 
temperature at which the observation is made, and this temperature can be regulated (so as to melt solid fats) 
by passing water, at a higher oi lower temperature, in at E and through the lubber tube, B, to the outflow, e. 
The refraction is usually stated in the centesimal dcgiccs of the Zoiss scale, the temperature — normally 25° — 
being indicated Values obtained at other temperatures can be referred to the normal temperature by adding 
or subtracting 0*56 for each degree above or below 25® (the number 0 55 is accurate for butter, but slightly 
inexact for other fats). 

The index of refraction is obtained from the reading on the Zeiss scale by adding to the value 1*4220 as many 
ton-thousandths as are obtained by multiplying the scale degrees by 7 8 when the reading is between 0 and 30 ; 
7*5 if between 30 and 60 ; 7 3 if between 50 and 70 ; and 7*0 if between 70 and 100. (This procedure, too, gives 
accurate values for butter, but slightly inaccurate ones for other fats). Thus, 30® on the Zeiss scale would corre- 
spond with a refractive index of 1*4220 -f 30 x = 1 4220 -f 0-0234 * 1-4454, which agrees almost 

exactly with the true index of refraction (1 4462) ; similarly, 60° on the scale means a refractive index of 
1 4220 -f 60 X « 1 4658. Inversely, the scale reading is obtained by subtracting 1-4220 from the 

refractive index and dividing the remainder by 7*8, 7*6, 7 3, or 7*0. 

The colour of the line of demarcatibn on tlie scale sometimes gives an indication of impurity in the fat, being 
colourless for pure butter, blue if margarine is present, and orange with admixtures of certain other fats. 
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obtained almost colourless. Blown oils are valued as lubricants. If the 
blowing is continued, yellow or brown gelatinous masses are obtained. With 
the exception of the iodine number and the Hehner number — which are 
lowered — ^the chemical and physical constants of blown oils {thickened oils, &c.) 
are higher than those of the original oils. Oils also fix ozone in proportion 
to the unsaturated fatty acids they contain, and at the same time become 
denser {see p. 299) ; olive oil has an ozone number of 15-8 (grins, of ozone 
fixed per 100 grms. of oil, Benaroli, 1906) , maize oil, 21 ; linseed oil, 33 ; 
and castor oil, 16. Also sulphur is dissolved and combined in amount increasing 
with the proportion of glycerides of unsaturated acids present, giving very 
viscous, brown liquids, sometimes almost solid and gummy. 

Chlorine acts on fats, partly replacing hydrogen and partly combining 
directly. 

Iodine is added slowly, but the addition becomes rapid in alcoholic solution 
and in presence of mercuric chloride (Hubl). 

Addition of concentrated Sulphuric Acid to oils results in the development 
of heat and the evolution of sulphur dioxide , in the cold, sulphuric ethers 
of the triglycerides are formed.^ 

Dilute Nitric Acid, in the hot, slowdy oxidises fats, while the concentrated 
acid attacks them with evolution of red vapours. 

Nitrous Acid renders non>clrying oils denser and solidifies them, the triolein 
being converted into trielaidin {see p. 298) ; the drying oils remain liquid, 
although their specific gravity, viscosity, and saponification number increase, 
and the iodine number and Hehner number (per cent, of insoluble fatty acids) 
diminish. 

When burnt, fats give the characteristic odour of acrolein, which is derived 
from the glycerol. 

On paper, fats and oils produce a translucent spot, insoluble in water 
(different from glycerol) 

All these reactions serve as qualitative and quantitative tests to establish 
the purity of fatty substances {see later), 

WAXES. Unlike fats, waxes are usually composed, not of triglycerides, but of csleis 
derived from the higher nionohydric alcohols (e.g. cetyl, mjricyl, and ceryl alcohols, 
cholesterol, &c.), and sometimes dihydric alcohols also. They contain, in addition, the 
high acids {e.g, palmitic, stearic, cerotic, oleic, &c.) and alcohols in the free state. TurtJicr, 
beeswax contains as much as 15 per cent, of high melting-point hydrocarbons. 

They form homogeneous mixtures in all proportions when fused with fats and give 
also a greasy spot on paper, but they yield no odour of acrolein when burned (unlike 
fats) and do not become rancid when exposed to the air. 

The commonest waxes are beeswax, Japanese wax, spermaceti 
wax (from whales), and carnauba wax (from the loaves of certain 
palms). 

Beeswax forms the hexagonal cells of beehives. After the hom^y 
has been expressed, the mass is melted with water to remove im- 
purities ; on cooling, a solid layer of crude wax separates at the 
surface, and this, after melting and casting into blocks, forms virgm 
or yellow wax. This is placed on the market in various qualitn^s 
and colours, some of them being olive-brown ; they bear th(^ name 
of the place of origin and can be bleached with varying facility, 

1 MaumenS found that the rise of temperature produced by sulphuric acul of defluito 
concentration serves to distinguish different fats {m Table given later). This coimtuiit 
{Maumene number) is nowadays determined by moans of the ToHdli thermo-ofeometer 
(1905). 20 c c. of the oil are poured into the glass i(R*oiver, A (Fig. 251), the jac'ket of 
which has been evacuated. The oil is stirred with the thermomel-Cr, /f, iltt<‘d with 
platinum vanes and the initial temperature read. 5 c.c of concentrated siilphuiic acid (sp. gr. 1 SlUl (»• 00" li6.) 
are then added from a pipette in thirty seconds, the liquid being kept stirred as long as the timiperature rises. 
The rise of temperature is the MctiiTnena number. If the .sulphuric aeicl has not the density given above, but. is 
allowed to absorb even tra-^es of moisture, discordant results are obtainodf. 
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The European waxes have the following physical and chemical constants, which allow 
of the detection of the frequent adulteration to which they are subjected : melting-point, 
62° to 64° ; solidification point, 60° ; specific gravity at 98° to 100°, 0*822-0*847 ; saponi- 
fication number, 95 to 97 (rarely 88 to 105) ; acidity number, 19 to 22 ; difference between 
saponification number and acid number (ester number), 74 to 76 ; iodine number, 8 to 11 ; 
degrees on the Zeiss bu tyro -refractome ter at 40°, 44 to 45*5 (rarely 42). Eoreign waxes 
have somewhat different constants. 

The bleaching of the wax is effected by melting it several times with slightly acidified 
water, allowing it to cool slowly so as to separate the impurities more thoroughly and 
then causing it to solidify in thin layers on a cylinder half immersed in water and exposing 
these to the sun and air for five to six week'^. A more expeditious method of bleaching 
consists in treatment with hydrogen peroxide or other oxidising agent (dichromate and 
dilute sulphuric acid), or with animal charcoal. The white wax thus obtained — often 
improved in appearance by the addition of 4 to 5 per cent, of tallow— presents almost 
the same physical and chemical constants as the virgin wax, the iodine number alone 
being lowered by 1 to 7. 

The wax is insoluble or only slightly soluble in cold alcohol or ether, but dissolves 
in the boiling solvents. It dissolves in the cold in chloroform, oil of turpentine, carbon 
disulphide, or fatty oils. It resists dilute caustic alkalis and concentrated alkali car- 
bonates. It is used for making candles, waxed cloth and paper, mastics, artificial fruit 
and flowers, &c. 

Carnauba Wax is exuded from the leaves of certain palms (Corypha cerifera) of Brazil 
and Venezuela. In the crude state, it is hard and brittle, and of a yellowish green colour ; 
it melts at 83° to 88°, has an acid number of 4 to 8, a saponification number of 80 to 95, 
an ester number of 75 to 76, and an iodine number of 7 to 13, and contains more than 
50 per cent, of non-hydrolysable substances. It is used for the manufacture of candles 
and, mixed witli potash (soft) soap, forms the encaustic with which pavements are cleaned. 

Japanese Wax is the fat extracted from the fruit of certain Japanese and Chinese 
trees of the order Terebinthacese (Rhus succedanea, E. vernicifera, and R. sylvestris). It 
differs from beeswax in having an ester number of about 200 and a saponification number 
of about 220. It is completely hydrolysable, since it consists of glycerides of palmitic, 
stearic, and arachic acids, and contains also 9 to 13 per cent, of free palmitic acid. 

STATISTICS. The United States imported 2100 tons (£142,600) of vegetable wax in 
1910 and 2200 tons (£199,400) in 1911. In 1900 Italy imported about 1000 quintals of 
wax, almost all in the raw state, and exported about 1900 quintals of crude yello-v^ and 
1100 quintals of white, treated sorts. In 1906, the imports were 1452 quintals ; in 1908, 
1015 quintals ; and in 1910, 1070 quintals (of the value of £14,000). In 1906 Germany 
imported more than 25,000 quintals of wax and exported more than 4000, besides 10,000 
of candles, &c. England imported 3350 tons of w’^ax in 1909 and 3070 tons (£259,049) 
in 1910. Yellow beeswax costs up to £15 per quintal, and the bleached wax £17. 

Hydrolysis (Saponification) of Fats and Waxes. The term saponification 
is applied to the decomposition of fats into the alcohols and acids composing 
them, with simultaneous addition of a molecule of water (hydrolysis), by 
heating with water under presvsure at 200® or by the action of acid or alkali 
(see p. 371) ; when alkali is used, the alkali salt (soap) of the fatty acid and 
not the free acid itself is obtained : 


G,B.,{0,0C,sBi,,)s + 3KOH = + SC^sHsAK. 

Tristearm Glycerine Potassium stearate 

The mechanism of the saponification of fats was for long a matter of con- 
troversy. Some regarded it as occurring gradually, 1 mol. of fat first 
reacting with 1 of alkali (bimolecular reaction) {see voL i, p. 67) and di- and 
mono -glycerides being formed as intermediate products, whilst, according to 
others, saponification was a single (tetramolecular) reaction. Only since 
the investigations of Geitel (1897), Lewkowitsch (1898-1901) and, more 
especially, Kremann (1906), does it appear to be established with certainty 
that saponification is gradual, consisting of successive bimolecular reactions, 
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Saponification with lime, baryta, or lead oxide is never so complete as 
with, caustic potash or soda in the hot, while with an alcoholic solution of caustic 
potash or soda it is complete and rapid, formation of the ethyl ester of the 
fatty acids and liberation of glycerine first occurring and then complete 
hydrolysis of the ethyl ester. The latter can be obtained directly from fats 
by heating with slightly acidified alcohol. 

Sodium and potassium carbonates do not attack the fats. 

A process has been patented for saponifying fats with sulphur dioxide 
or bisulphite in autoclaves at 10 to 15 atmos. pressure, or even directly with 
sodium chloride and ammonia (Garelli, 1907 ; see later, Soaps). 

Waxes and wool-fat are also saponified, although with less ease, in the 
same way ; with a 2N-alcoholic caustic potash solution and heating under 
pressure, saponification is, however, complete. 

No matter how difficult the saponification of a fat, it can be rendered 
complete even in the cold by the Henriques process, which consists in dis- 
solving, say, 3 to 4 grins, of the fat in 25 c.c. of petroleum ether and 25 c.c. 
of normal alcoholic potash, the mixture being shaken from time to time during 
a period of twelve hours ; on heating, waxes are also dissolved in this manner. 
To determine the quantity of alkali fixed {saponification number)'^ the excess 
of alkali is titrated with normal acid solution. 

Dilution of the sa|)onified waxes with a considerable amount of 
water results in the separation of the higher alcohols, which can be extracted 
with ether. Spermaceti contains 40 to 60 per cent, of these insoluble alcohols 
(which are known industrially as non-saponifiable substances), beeswax 
53 per cent., and carnauba wax 55 per cent. 

ANIMAL OILS AND FATS 

It is not possible here to study in detail all fats, so that only the more 
important ones, the processes of treating which are partially applicable to 
the others, will be considered. 

Classification of fats into those of animal and those of vegetable origin 
or into solids (tallow, lard, sheep’s tallow, goose grease, and coco-nut butter) 
and liquids (oils), is of no practical value, but it is necessary, with the liquid 
vegetable fats, to distinguish between those which have drying (linseed, 
walnut, poppy-seed) from those with non-drying properties (olive, colza, arachis, 
castor, cotton-seed, niaize, &o.). 

Animal fats are usually melted (by direct-fire heat or by steam) or com- 

* The Saponification number, or Kottstorf number^ indicates the number of milligrams of KOH necessary 
to saponify 1 grm ot fat or wax completely The determination is made as follows : 1-5 to 2 2 gim. of the filtered 
fat is weighed into a 150 to 200 c.c. widc-necked flask, to which is then added 25 c.c. of seminormal alcoholic 
KOH solution prepared with 90 per cent alcohol and also 25 c c. of neutralised alcohol. The mixture is then 
heated for 15 to 20 mmutes in a reflux apparatus on a water-bath previously heated to boiling, and, while 
still tepid, is titrated with seminormal liydrocliloric acid (not sulphuric acid, which would precipitate K2SO4), 
using phcnolphthalem as indicator. Multiplication of the number of c c. of bcminormal KOH solution actually 
consumed in the saponification by 0*0301 gives the number of mgrms. of KOH, which is calculated for 1 grm. 
of the fat. 

Non-saponi/iable substances (mmeial oils, &c ) added to fats as adulterants can be detected by the following 
ciualitativc test devised by Holde : two drops of the oil are boiled for one mmutc with a solution of a piece of 
caustic potash the size of a pea m 5 c.c. of boilmg absolute alcohol, 3 to 4 c.c. of water being aftorwaids added 
to the liquid ; in presence of as little as 1 per cent, of non-saponifiable compounds, a turbidity is produced. Also 
a benzene solution of picric acid gives a red coloration with fat containing 1 per cent, of mineral oil. 

J?or detecting traces of neuiral fats (non-saponifled) in pure/aW?/ adds of commerce, GeiteTs test is employed : 
15 c c. of ammonia solution are added to a solution of 2 grms. of the fatty acids in 15 c c. of hot alcohol. Tur- 
bidity of the liquid indicates the presence of much neutral fat. If, however, the liquid remains clear, cold methyl 
alcohol is poured carefully on to its surface ; a turbid ring is formed between the two layers of liquid in presence 
even of traces of neutral fats (this test does not answer with palm oil). 

The addition of resin to fat is discovered by the Liebermann-Storch-Morawski test applied to the fatty acids 
obtained m determining the Hehner number {see p. 373) : a f^w drops of cold sulphuric acid of 60® B6. are added 
to a well-cooled solution of 1 to 2 grms. of the fatty acids (which contain the resins) m 1 c.c. of acetic acid. If 
tmees of resin (pmc or colophony) are present, an intense red or violet coloration forms immediately and rapidly 
gives way to a brown fluorescence (presence of cholesterol or wool fat produces a reddish brown coloration, 
which changes to blue and then to green) 
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pressed either hot or cold, although sometimes they are extracted with solv^ts. 
Vegetable oils are extracted from the disintegrated seeds by pressing 
hot or by treatment with suitable solvents. In both cases they are reiined 
by a series of mechanical and chemical operations which wdil be described 
more particularly in dealing with tallow, batter, and olive oil. 

The statistics are given later for each separate oil, so that here only ^ 
general data are needed : of different fats (with the exception oi l^d), Italy 
imported 254,000 quintals in 1906 , 197,000 in 1907 ; 279,000 m 1909 , and 
232,000 quintals (of the value of £700,000) in 1910, in addition to 5900 k 

of fatty acids (of the value of £16,600). In 1910, England imported 123,150 
tons of tallow and stearin of the value of £4,194,484. 

TALLOW (ox fat, slieep fat, &c., but not hog’s fat) melts at 35° to 37°, contains 
75 per cent, of stearin and palmitin (m e^ual parts) and 25 per coni, of olein. In the 
crude state, as it comes from the slaughterhouse, it is incorporated m a cellular tissue 
and contains various impurities, such as blood, shin, &c., which gradually putrefy, giving 
a bad odour to the tallow. To prepare the real fat from the crude tallow, the latter is 
cut up in suitable machines fitted with knives and is then melted m open iron or copper 
boilers provided with stirrers and heated either wholly by direct -fire heat or partly m 
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this (Fig, 232) and partly by injecting direct steam, KUperhcalod to 180° to 200 
tlirough the tube, D. The strongly smelling gases evolved are led by the pipe, a, under 
the hearth and there burned. The clear, molten fat, after a long rest, is discharged through 
the tap, and filtered through a bag, the solid fragments of cellular membranes and 
other impurities being retained by a perforated double bottom. There impunties, while 
still hot, are squeezed in a press such as that made by C. E. Rost, of Dresden (Fig. 253), 
being placed inside the pei fora ted cylinder, a, which is surrounded by the jack(‘t., and 
closed by the cover, 5, fixed by the screws, d ; the pressure is exerted underneafli on a 
plate raised by means of the lever, e- The pressed residue is then cither treated with 
carbon disulphide to recover the small amount of fat still retained, or used directly as 
cattle-food. A powerful press, which is largely used, is shown in Fig 254. 

Fusion of Tallow with Acid (d’Arcet method). This method increases the yield and 
improves the flavour of the tallow, the unpleasant flavour being diminished. It is carried 
out in the Fouche apparatus (Fig. 255), consisting of a closed boiler, which can be heated 
both by indirect steam circulating through a coil on the bottom and by direct stc^am 
issuing from a perforated pipe passing also to the bottom. 100 kilos of tallow are mix(‘d 
with 50 kilos of water containing 1 kilo of sulphuric acid of 66° B6., the whole being 
heated for two hours at 105° to 110°, The clear, fused fat floats on the surface of the 
acid solution, which is replaced by pure water, the tallow being heated and mixed with the 
latter by means of direct steam ; after some time, the washed tallow is discliargcd from 
a lateral tube — which, inside the vessel, is free and floats — through a cloth bag. Whfui 
this acid process is used, the solid fragments separated cannot be used for feeding cattle. 
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Fusion with Alkali. Evi’ard heats the tallow with a very dilute solution of sodium 
carbonate, while Rorard treats 1000 kilos of the tallow with 200 of water containing a 
kilo of caustic soda, the mixture being then melted at 100° in the Fouche apparatus. 
Tho-alkalme process gives a diminished yield and does not dimmish the amount of pungent 
gases evolved. 

Refining. If the fusion, especially when acid is used, has been successfully carried 
out, refining is usually unnecessary. It is, however, required when the tallow is to be 
used for food or for fine soaps ; that employed for candles is sometimes bleached. In 
general, it is heated and stirred with water for a long time in suitable vats. It is then 
left at rest until it separates from the water and is filtered through a cloth bag and collected 
in a tank, heated outside in order to retard solidification and give time for any further 
impurities present to deposit. 

If the fused tallow is allowed to cool slowly at a temperature above 28°, it sets to a 
granular mass, as crystals of stearin and palniitm first separate ; from this mass the 
olein is more easily removed by subsequent compression. 

Many different processes have been suggested for the bleaching of tallow, but the 
only ones deserving of mention here are those consisting in heating with animal charcoal, 
bone-black, and fuller’s-earth (magnesium hydrosilieate, see p. 77 and vol. i, p. 529), 
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and then filtering, and those in which, say, 1000 kilos of tallow are heating with a solution 
containing 20 kilos of water, 10 of concentrated sulphuric acid, and 5 of potassium 
dichromatc (or 60 kilos of concentrated hydrochloric acid and 15 of permanganate at 
40°) ; after stirring, the mixture is left for a time and then washed several times with 
hot water. In some cases, the tallow is stirred and heated to 40° with 25 kilos of an 
aqueous solution containing 250 grms. of potassium permanganate and 250 grms. of 
concentrated sulphuric acid, and wed washed with hot water, a little sodium bisulphite 
being finally- added. Chlorine, which is sometimes used for vegetable oils, is harmful 
to animal fats. Excellent results have been obtained recently by bleaching with sodium 
hydrosulphite (vol. i, p. 465). Certain fats can be well bleached at 80° to 100° with 1 to 
2 per cent, of barium peroxide, which is added gradually and with continual stirring. Eats 
and fatty acids are sometimes deodorised by treating with 20 per cent, of concentrated 
sulphuric acid at 30° to 40°, and then distilling the fatty acids under reduced pressure. 

The purity of tallow is determined by the analytical methods already given {see also 
Table on p. 378) and for industrial purposes the solidification temperature of the fatty 
acids obtained by the Hehner method {see p. 373) is measured by introducing them in 
the fused state into a double- walled test-tube (best, that of the Tortelli thermo -oleometer, 
p. 376) and stirring with a thermometer until they begin to turn turbid. The tempera- 
ture then ceases to fall and at a certain moment rises (the heat of solidification being 
developed) and remains constant until the whole mass has solidified ; this constant 
temperature is that of sdlidification and, for good tallow, should be at least 43°. Adul- 
teration with cottonseed oil is detected by Halpherds reaction: a mixture of 20 c.c. of 
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the fat, 20 c,c. of amyl alcohol, and 2 c.c. of a 1 per cent, solution of sulphur in carbon 
disulphide is boiled in a test-tube ; after about ten minutes heating, a dark orange or 
red coloration Y^ill appear if even as little as 5 per cent, of cotton -seed oil be present. 
If no coloration is evident after the lapse of ten minutes, a little more carbon disulphide 
may be added and the heating continued ten minutes longer. If the suspected tallow, 
or the cotton -seed oil before addition to the taUow, were heated to 200° to 250°, Halphen’s 
reaction would not be given. 

The greater part of the tallow made is used m the manufacture of soap and candles, 
but an appreciable proportion is employed in margarine factories [see below). A well- 
fattened ox may give as much as 100 kilos of crude tallow. 

Continental Europe imports large quantities of tallow from America, Australia, and 
England. The price varies somewhat, and, while in 1870 it was £4 to £5 125. per quintal, 
in 1884 it was 675., in 1885 565., in 1886 445., in 1888 53s. 5d., in 1892 495,, and m 1893 
545. ; in 1906 the price on the Italian markets varied from 565. to 61 5. M., in 1907 from 
655. to 72s., and in 1908 from 60s. to 655. 6d. 

Germany imported 6226 tons of tallow in 1888 and almost 11,000 tons in 1891 (see 
later. Importance of Melted Tallow for Oleomargarine). 

In 1909 England imported 110,000 tons of tallow and stearin, and in 1910 123,150 
tons (£4,194,484), while the United States exported 8500 tons in 1910 and 22,000 tons 
(£562,200) in 1911. 

OLEOMARGARINE and MARGARINE (Artificial Butter). The oleomargarine 
obtained from tallow serves to prepare margarine or artificial butter by churning it up 
with milk. It is also used to some extent for making the so-called marganne-cheese from 
separated milk, the butter being replaced by oleomargarine, which is incorporated by 
means of emulsors. 

It was Napoleon III who, on account of the rise in price of provisions and more 
especially of butter, offered in 1870 a prize for the discovery of a cheap fat to replace 
butter, and placed at the disposal of the inventor a large works at Poissy, near Pans, 
adapted to the development of the industry. The prize was awarded in 1871 to the 
Mege Mouries process for the manufacture of oleomargarine from tallow by a method 
which is almost identical with that used at the present day (the addition of sheep’s 
stomach to render soluble the cellular membranes enveloping the fat has now, however, 
been abandoned). 

As a rule, oleomargarine factories are situated close to the slaughterhouses, so that 
the tallow may be obtained fresh from the animals. The tallow is cooled immediately 
by washing it in a current of cold water, which removes the blood and other impurities, 
and if it cannot be worked at once is hung in separate pieces in a cold chamber. 

The tallow is then cut up and introduced, with one-fourth of its weight of water at 
55°, into a vat similar to that used for the melting of tallow (see p. 380), but nowadays 
the heating and meltmg are effected by the circulation of hot water at 60° to 70° instead 
of steam, so as to avoid scaldmg the mass. The latter is kept slowly stirred and a couple 
of hours is sufficient time to melt 2000 kilos of tallow, which floats on the water, whilst 
the bits and membranes are deposited on the bottom ; this separation is facilitated by 
the addition of 2 per cent, of salt, previously dissolved in water. 

After the mass has remained at rest for some time, all the impurities settle and the 
molten fat is removed by a tap connecting inside the vat with a free, floating tube 
which gradually falls as the layer of fat diminishes ; the latter is collected in tinned, 
double-waUed tanks surrounded by hot water, so that farther clarification may result 
on long standing. The fat then bears the name premier-jus and is mixed in small 
proportion into margarine, while the remainder is poured into flat, tinned moulds 
holding about 20 kilos and allowed to solidify in a chamber kept at a temperature of 
about 30°. 

The semi-solid mass thus formed is placed in cloths and squeezed— -not too strongly— 
in hydraulic presses (similar to those used in making stearic acid for candles, see later) 
in a room at about 25°. This procedure yields about 45 per cent, of a solid residue of 
stearin (for candles) nuxed with a little olein, and a liquid product (55 to 60 per cent.) 
composed of 55 per cent, of triolein, 35 per cent, of tripalmitm, and 10' to 15 per cent, 
of tristearin ; this is oleomargarine, which assumes an almost pasty consistency at ordinary 
temperatures and has a yellow colour and a pleasant odour similar to that of butter. 
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It is used in some cases as fat for cooking, but usually it is converted into artificial 
butter. 

Oleomargarine bas the sp. gr. 0*859 to 0*860 at 100°, melts at 83*7°, has the Hehner 
number {see p. 373) 95*5, the Reichert-Meissl-Wollny number {see p. 373) 0*4 to 0*9, and 
the iodine number {see p. 375) 44 to 55. 

MARGARINE (or Artificial Butter) is prepared from oleomargarine, from one-tenth 
to one-fifth of sesame or arachis or even cotton-seed oil being added for the lower qualities 

(m America maize oil is used). In some countries no 
milk is now used, attempts being made to flavour the 
oleomargarine directly with certain strongly flavoured 
cheeses prepared for this express purpose, or with 
butyric acid or its hoinologues, or with a special 
flavourmg placed on the market under the name of 
margoL 

It is necessary that artificial butter, when fried, 
should give the same smell as natural butter, and 
this result is attained jiartly by adding a little choles- 
terol (Ger. Pat. 127,376) to the milk used to render 
the oleomargarine pasty. Margarine is also required 
to brown and froth like natural butter when fried, 
and this is attained by adding about 2 per cent, of egg 
yolk (Ger. Pat. 97,057) or 0*2 per cent, of lecithin (a 
constituent of yolk of egg ; Ger. Pat. 142,397) and a 
small quantity of glucose, while it has also been pro- 
posed to add a little powdered casein, egg-yolk and 
pasteurised milk-cream (Ger. Pat. 170,163). 

The yellow colour of commercial, natural butter is imitated by the addition of a little 
hutyrofiavine (dimethylaminuazobeiizene) dissolved in sesame or cotton-seed oil (placed 
on the market by the Chemical Pactory of Thaiin and Miilhausen). 

In the manufacture of first-quality margarme, the fats to be mixed {e,g* for summer 
margarine, 600 kilos of oleomargarine, SO kilos, of premier -jus {see alove), and 60 kilos 
of sesame oil ; for winter margarme, the premier-jus is replaced by a similar quantity 
of sesame oil) are first melted separately at 40° to 45°. For inferior margarines, less 
oleomargarine, more premier- jus, and a certain amount of cotton -seed oil are used. Half 
of the molten, homogeneous fat is introduced into 
a churn (that of H. Grasso, of Hertogenbosch, 

Holland, Pig. 256, gives good results) contain- 
ing 300 litres of milk^ previously churned to 
the clotting-pomt and mixed with 50 grms. of 
colouring solution. The churn has a closely 
fitting lid and is jacketed so that it can be 
surrounded with water at 35° to 45° ; it is fitted 
with stirrers (120 revs, per minute) and the 
inner surface is thickly tinned. After 10 
to 15 minutes churning, the remaining half 
of the milk and molten fat is introduced, the 257. 

churning being continued for a further period 

of 20 to 25 minutes. When the mass has reached a temperature of 30° to 45° (better 
quality but diminished yield is obtained at 30°), it is allowed to flow into a shallow 
double-walled vessel cooled by the circulation of water at 0° to 2°, and, as it flows, it is 
washed with a powerful jet of water at 2° and is constantly mixed with wooden blades. 
The wash-water is then run oil and the hardened, disintegrated mass left overnight so 
that the wash-water may separate better. A homogenising machine of the Schroeder 

^ For the finer margarines, cream is used, but for ordinary varieties skim-milk from the separators is employed. 
In all cases, m order to obtain a margarine which will keep, even in summer, the milk is pasteurised at 55® to 
60® and then subjected to slight acid fermentation with pure cultures of bacteria, which axe sold by butter manu- 
facturers. 

The cooled milk is kept m clean, closed vessels in a cool place and is consumed as soon as possible so as to 
avoid contamination. It may be centrifuged after pasteurising and cooling. If it is not rendered acid, the 
milk, and also the butter obtained therefrom, keep bady and do not incorporate well with the other fats. 
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type liaa been introduced recently, and this allows of continnous woiknig and effects 
a far more perfect mixing of the fats and milk, while it yields a more aromatic and stable 
product. 

To complete the separation of the whey and washing-water, and to obtain a homo- 
geneous pasty mass, the cold mixture is introduced gradually into an ordinary butter 
kneader (Fig. 257) with rotating base, this being situate in a cold chamber. After passing 
under the grooved cone eight or ten times, the mass is collected in blocks, which are left 
for 24 hours. If it is desired to mix a little cream or the allowed quantity of water 
(10 to 12 per cent.) into the mass, the latter is introduced into the Werner-Pfleiderer 
kneader (similar to that used for kneading bread), winch can easily be reversed so as to 
expel the excess of liquid and finally the paste itself (Fig. 258). 

The margarine thus obtained is made up into cakes by means of suitable moulds 
bearing the trade mark and is then wrapped in parchment-paper previously disinfected 
in brine. In some countries this paper is marked with coloured stripes to allow the public 
readily to distinguish margarine from butter ; and in all countries it is obligatory to 
exhibit margarine for sale in shops with a placard -which distinguishes it from butter. 
In Germany and Austria the law requires margarine to be prepared with at least 10 per 

cent, of sesame oil and not more than 1 0 per 
cent, of butter ; by this means, the detection 
of butter adulterated with margarine is facili- 
tated, as, owing to the sesame oil present, it 
gives the Baiidoidn reaction for furfural.^ If 
more than 10 per cent, of butter is added to 
margarine the Reichert-Meissl-Wollny number 
{see p. 373) exceeds 2‘5. 

Normal margarine contains 8 to 9 per cent, 
of water and 1 to 2 per cent. NaCI, and has the 
saponification number 193 to 203 (coco -nut fat 
raises this number to 220 and the Wollny number 
to 5) and the iodine number 52 to 60. 

The experiments of Liihrig (1900) have 
shown with certainty that margarine is digested 
by man as well as butter. 

The consumption of margarine, which costs 
little more than half as much as butter, is con- 
tinually increasing in all countries. Germany 
Fig. 258. possessed 55 factories in 1886 and 83, employ- 

ing 1555 workmen, in 1895; and in 1899 pro- 
duced 91,000 tons (worth more than £3,800,000) of first- and second-quality margarines, 

55.000 tons of animal fats, 23,000 of vegetable fats and oils, 53,000 of skim-milk, and 4800 
of salt being employed. Germany imported 28,500 tons of oleomargarine in 1906 and about 

23.000 tons in 1909, and exported 297 tons of artificial butter in 1906 and 525 in 1909. 
In North Germany, margarine of first quality is used, but in the South margarine without 
butter and without milk. 

In 1907 there were 31 margarine factories in Norway, Thirty-seven facloncH existed 
in the United States in 1886, and the output, which was less than 6000 tons m 1902, rose 
to 45,000 tons in 1908 and 70,000 in 1910 (almost all not coloured), the exports being 
1550 tons in 1910 (almost all coloured). In 1910-1911 the output in the United States 
fell to about 65,000 tons. In Denmark 22 factories produced 30,000 tons in 1909 and 
34,300 tons in 1910, when the exports amounted to 1100 tons. England imported 1650 
tons of oleomargarine in 1909 and 4050 tons in 1910 and exported 3295 ions in 1909 and 
8138 tons (£206,360) in 1910. The principal exportation from the United States consists 
of the prime material, oleo oil, which is largely used in other countries for preparing the 
different margarines or artificial butters ; in 1910, 50,000 tons of this oil (of the value of 



7 margarine, filtered into a separating funnel, are shaken for half a minute with 10 c.c. of flOl fsp sr 

AWAr coloured red, it is decanted off and the residue shaken with a fresh quantity of the acid.’ 

After remo\al of the acid, <> of the fat are poured into a graduated cylinder with a ground stopper, where 

for hau / m ® ^ ^ solution of furfural m alcohol (absolute) 

for half a minute. If, after standing, the layer of acid shows an intense red coloration, the margarine contained 
the required quantity of sesame oil. This reaction has, however, been criticised as being in some^ases indecisive 
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£2,360,000) were exported, and in 1911, 77,000 tons (of the value of £3,132,600). In 1907, 
Sweden produced 15 millions of kilos, and in Holland there are over 100 factories. The 
total output of Holland and Belgium in 1910 was 65,000 tons (of the value of £3,600,000), 
about 48,000 tons being exported. In Pans, more than 30 tons of margarine were manu- 
factured per day as early as 1875. In Italy, the first factory, that of Regondi and 
Chierichetti, was erected in 1874 at Milan, with branches in Home and Tuscany ; even 
in 1888 this firm produced almost 400,000 kilos of margarine, and at the present time, 
as a company (Chierichetti and Torriani), it stiU occupies the premier position. A 
considerable amount of suspicion was removed from the industry in Italy as the result 
of a valuable report prepared for the Hoyal Italian Society of Hygiene by Horner and 
Gabba m 1888, and in 1911 the consumption (largely for adding to butter) reached about 
8000 tons ,* the importation of artificial butter was 121 tons in 1908 and 64 tons in 1910, 
while the amount exported rose to 216 tons in 1908 and 258 tons in 1910. 

Owing to the high price of tallow in recent years, attempts have been made to prepare 
margarine by the addition of cocoa-butter in the Imeader, after complete expulsion of 
the water (so as to prevent rancidity). There is now on the market margarine W'hich 
bears the name of cunerol (or hunerol), and is made exclusively from cocoa-butter, kneaded 
and treated with a saline solution of yolk of egg (instead of milk). Under the name 
huttirol, L. Annom prepared, in 1909, an artificial butter by emulsifying oleomargarine 
or other fat with milk and separating the artificial butter by centrifugation after slight 
fermentation. 

BUTTER is the fat obtained from milk,^ in which it occurs emulsified in small drops, 
which separate at the surface on standing, or, better, on centrifugation in a separator 
of the de Laval type (Fig 260). 


^ Milk IS a liquid secreted by female mammals after parturition, and serves as the first nutriment of the 
offspiing But that of certain animals (cows, goats, <S.c.) has been largely used, from the earliest times, for 
feeding infants and adults, and for the preparation of cheese, casein, milk-sugar, &c. The mean daily consump- 
tion of cows* milk per head is about 300 grms in England, 450 in Canada, 600 in Holland, 260 in Paris, 600 in 
Munich, and 150 in London. The supply of milk to large towns constitutes a serious problem, since, for example, 
Genoa consumes 400 hectols. per day, Turin 600, Milan 1000, Berlin 7400, Pans 8300, and Hew York 15,000. 
In 1908 the United >States exported £3,200,000 worth of condmsed milh to China, Japan, the Philippines, Corea, 
llusbia, Africa, and Mexico. The number of cows in Prance in 1909 was 7,336,000, and the yield of 
'inilk 132,000,000 hectols Hungary in 1909 produced 26,000,000 hectols. of milk. In 1903 Australia obtained 
from 1,300,000 cows about 16,000,000 hectols. of milk, 500,000 quintals of butter (one-third being exported), 
and 60,000 quintals of cheese (barely one-fifth exported) In the United Kingdom 4,000,000 cows produced 
m 1909 about 72,000,000 hectols. of milk. In 1910 Norway produced 10,000,000 hectols. of milk. 

The 7nean composdwn of the milk obtained by compleze milking is found from some thousands of different 
analyses to be as follows : water, 87*22 per cent. ; fat, 3*62 per cent. ; nitrogenous substances (casein and a little 
albumin), 3 66 per cent ; milk sugar, 4*82 per cent ; and mineral matter, 0*68 per cent. The casein forms a 
kind of colloidal solution, which holds, m an emulsified and suspended condition, fat-drops of v^ying magnitude 
(diameter, 0*01 to 0*0016 mm ). Casein m milk occurs, indeed, in the form of a non-roversible hydrosol {see 
vol 1 , p. 105) and its coagulation by acids or heat can be retarded or prevented by the presence of a revemible 
colloid {protecting colloid^ like gelatine or gum). In cows" milk the relation between casein (non-reversible) and 
albumin (reversible) is 3 02 . 0 53, whilst m human milk this relation is 0*75 : 1*00 ; in human milk, then, there 
is abundance of albumin (reversible) and the coagulability is eight times less than with cows miUc. These 

relations explain the different nutiitive effects of the two milks on infants. iio\. 

Boiled milk can he distinguislicd from raw milk as it no longer contains reductase or catalase (see p. 1 ) , 

also oxidation of the whey with a little hydrogen peroxide and treatment with pyramidone at 60 yiel^, witn 
law milk, a violet coloration, while that of boiled milk gnes no coloration. The sugar and, partly, the sats 
are found m the aqueous solution composing the whey. Milk has an acid and an allmhne reaction (amj? ^ 
reaction) at the same time, owing to the presence of primary (acid) and secondary (alkaline) phosphates. The 
natural acidity of milk is due, not to lactic acid, but to phosphates, carbon dioxide, citric acid, o:c. 

From milk defatted by centrifugation {sMm-milk, containing less than 0*3 per cent, of fat), casern for naakmg 
cheese and for industrial purposes is separated by addition of rennet (from the mucous 
fourth stomach of young calves), which induces clotting owing to the enzyme it contains. Coagulation, with 
formation of lactic acid (increase from 3® to 15® of acidity), is also caused spontaneo^y m 24 to 48 hours 
by adding a dilute acid and keeping at 55® to 60® , the casein probably exists as calcium salt (1*55 per cent. ^U), 
which IS decomposed by acids, the increase in the amount of soluble calcium salts favouring p 
the casein This casein, separated in the hot and pressed, gradually undergoes 

into Cheese. The latter may be either whole-milk cheese or fiOed cheese, prepared from milk the fat of which 

has been partially or completely removed and replaced by margarine or lard. ^ Copper 

green on exposure to the air, and to avoid this, all the operations are carried out in vessels of , ’ * . 

or tinned copper (Besana), although, according to Fascetti, traces of dissolved copper are 

since they retard lactic fermentation ; the latter author suggests, however, the addition 

which has the advantages of the copper without its disadvantages. To avoid secondary fermento 

maturation and prevent the swelling and spoiling of the cheese— -which otherwise frequently o r 

selected ferments are initially added under favourable conditions (Gormi, 1906), or attention is paid (Soncml, 

1910) to the chemical surroundings in which maturation takes place {see p. 126). . w+at 

In 1906 there were in Italy 3835 dairies employing 15,000 workpeople, „ 500 

to the value of £440,000 and 180,000 quintals of cheese ; in 1909, 186,600 quinMs of cheese were ® > 

being prepared from ewes’ milk. The exportation of gorgonzola, &c., was 72,000 ?Xwinff 

1908 ; 58,900 m 1909 ; and 78,860 quintals (of the value of £600,000) in 1910, Italy also imported the fol 0 g 
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After filtration tkrongli cotton -wool or, better, after a brief centrifugation to remove 
suspended impurities, the milk passes, while still tepid, to the chamber of the centrifuge, 
A, momited on the axle, actuated by a pulley which is not shown in the figure ( 260 ) 

quantities of hard cheese : from Switzerland, 47,400 quintals (and 28,000 from other countries) in 1908 , 48,070 
(28,700 from other countries) m 1909 ; and 39,700 quintals (of the value of £320,000) in 1910 ; in aclditicni to 
25,400 quintals (costing about £240,000) from other countries, especially European Turhey. 

In 1910 England imported cheese to the value of £6,000,000 (£5,000,000 from Canada alone), and buttoi to the 
value of £8,000,000, that from E^ussia amounting to £3,200,000 and that from Australia to £4,800,000. 

Holland produced 790,000 quintals of cheese in 1906, while Hungary imported about 13,000 quintals in 1909 

After the cheese has been separated from the skim-milk, further boiling and coagulation of the latter yield 
the dissolved albumin (ricotta), the whey finally remaining being used either as food for calves or pigs or for the 
manufacture of milk-sugar (see latere Lactose) Skim-milk is used m some countries for the preparation of cheap 
and highly nutritious bread or of kepMr (see p. 160), while m recent years it has been utilised for making milk- 
powder by evaporating it rapidly on a large rotating cylinder of metal heated by steam and m some cases enclosed 
in an evacuated chamber A knife is arranged to detach the dry powder, which falls into a box The milk in ly 
also be concentrated to some extent m vaew and then pulverised with hot air ; m some cases the watei is remo\ ed 
from the milk by freezing and continual stmiiig, the residue being subscc^ucntly dried Being deprived of fat, 
this powder does not become rancid, and if a little calcium sacebarate is added, it dissolves and gives skim-inilk 
on dilution with water. Milk-powder is also used by pastrycooks. When casein is to be separated for iiidustiial 
purposes, it is obtained pure by treating the skim-milk at 50® to 60® with a cuiient of sulphur dioxide (Soncnii 
and Todtenhaupt, Ger Pat. 184,300) ; it is dried in a stream of hot air or, to obtain it in a moie soluble stale, 
in a vacuum, w'hile, if a highly pure product is lequiied, it is dissolved in alkali and reprccipitatcd with nitiu, 
acid (it then has the peiccntage composition: C, 52 96; H, 7 30; K, 15 60 ; O, 22*54; 8, 0 76; P, 0 81). 
Besides being soluble in alkalis and borax, casein dissohes in solutions of potassium iodide, sodium thiocyanai.e, 
sodium phosphate, «&c. When dry and pow^dered, it can be used for certain concentrated food piodiicbs (plasm, on, 
nutrose^ tropon, &c ), for dressing tissues, for greased paper (rendered soluble with sodium carbonato oi borate) 
and for making material similar to bone or celluloid by compressing it when hot and hardening it with foun- 
aldehyde. Qallatite and lacMe are prepared in a similar way. 

In 1907 Italy imported 1305 quintals, and in 1910, 1536 quintals (worth £5840), the expoitatiou in this 

year being 1937 quintals (of the value of £9440). In 1909 Germany 
imported 28,400 and exported 3950 quintals of casein. 

ANALYSIS OF MILK Milk being a valuable nutrient for 
man, and being also easy to adulterate, it is usually analysed 
chemically to test its genuineness. Milk from cows of different 
breeds and districts varies within relatively narrow limits, but, in 
doubtful cases of adulteration, a mixture of the total milk of all 
the COW'S of the herd fiom which the suspected sample is furnished 
is also analysed. The specific gravity is measured with a hydin- 
meter or a Westphal balance at 15® (see vol i, p 73 et seq,) ; for 
natural milk it varies between 1 0295 and 1 0335, and for separated 
milk from 1‘0SS to 1*036, while if much water has been added it is 
below 1 0295. The value of the specific gravity is not sufficient to 
prove watering, as this value is sometimes maintained unchanged 
by simultaneous removal of cream and addition of water In sueJi 
a case, use may be made of the specified qiavity of the ivhey^ winch is 
never less than 1*027 with pure milk. Watering, even to tlio 
extent of only 5 per cent , is also readily detectable by tiie cryo- 
scopic method examined m 1898 by G. Cornalba (for fresh, non-aeid 
milks free from antiseptics, the cryoscopic point vanes from 0 54 to 0*56) or by observing the whey m the S!eiss biityro- 
refractometer (see p. 375). The latter method was proposed recently by Ackermann, who prepares the whey 
rapidly by clotting 30 c.c. of milk with 0 25 c.c of a calcium chloride solution of sp. gr. 1 1375, heated for fifteen 
minutes on the water-bath, cooled to 17 6®, and the serum separated by decantation ; the reading on the Zeiss 
scale is 38*8 to 40 for pure milk, 37 7 for milk -f 5 per cent of water, 36*7 with 10 per cent., 34 8 with 20 per 
cent., 33*3 with 30 per cent., 32 with 40 per cent , &c. G Cornalba (1908) holds that genumo milk contains at 
least 6 per cent, of soluble substances (i,e dry residue less fat and casein), every 0 2 per cent less than this amount 
indicating 6 per cent, of added water. Since natural milk does not contain nitrates, which are, however, piescnt 
in nearly all waters, watering can also be detected by testing the milk for nitrates in the same way as wine is 
tested (see p. 157). Watered milk appears slightly blue when compared with genuine milk. 

The total residue and ash are determmed by evaporating 5 grins, of milk with a drop of acetic acid in a platinum 
dish, drying in an oven at 105®, and weighing ; the dry residue thus obtained is then heated to redness until com- 
pletely mcinerated and weighed ; the ash is used for the detection of borax or sodium bicarbonate. 

Genuine milk has not less than 12 per cent, of dry residue, or, subtracting the amount of fat, not loss than 
9 per cent. The dry residue (r) may also be calculated from the specific gravity (s) and the percentage of fat (g) 

by Elcischmann’s formula : r = l*2g + 2*665 

8 

Determination of Fat, This is usually made with the Gerber butyrometer (Fig. 259) Into a special wido- 
mouthed fiask with a long, narrow, graduated neck are pipetted 10 c.c. of concentrated sulphuric acid (sp, gr. 
1*825), 1 c.c. of amyl alcohol, and 11 c.c. of milk, which are allowed to flow gently down the side. The flask is 
then tightly closed with a rubber stopper, wrapped In a cloth and shaken rapidly and vigorously , the fiask with 
the pink or red liquid is immersed for six or seven minutes on a water-bath at 65® to 70® and then centrifuged 
on a flat plate, being arranged mdially in clips with the mouth towards the circumference. After a few minutes 
centrifugation, the fat is separated from the acid casein solution and the percentage of fat by weight is road off 
on the graduated neck of the flask after the latter has been left for a few minutes on the water-bath. 

The official method— which is used rarely and only m cases of dispute-of estimating fat is that of Soxhlet, and is 
based on the density of the ethereal solution of the fat extracted from the milk after rendering alkahne. In nearly all 
countries it has been established that a natural milk, obtained by milking completely a number of cows, contains 
as a rule not less than 3 per cent, of ffit, in very rare cases 2*9 per cent., and more frequently 3*5 per cent. 

If the specific gravity (*) and the dry residue (r) of a milk are known, the fat (g) that it should contain is 
deduced from Fleischmaun*s formula : == o 833 r ~ 2 22 (100 a ~ IQQ) 



Fig. 259. 
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COMPOSITION OF BUTTER 

and which rotates several thousands (6 to 7) of limes per minute. In this manner the 
skim -milk is expelled to the periphery and carried off by the tube, h, into the collecting 
plate, Be, wlnlst the lighter cream rises and is discharged by the channel, e, into the 
collector, Gf, These separators easily treat 10 hectols. of milk per hour. The cream 
that separates is agglomerated into small lumps of butter by churning {see, for instance. 
Fig. 256, on p. 383), kneading, and so on, just as with margarine. To obtain a bmter 
that will keep, however, the cream is subjected to pasteurisation and acidification (see 
Note on p. 383), the butter being worked with water that has been sterilised, for instance, 
by ozone or ultra-violet rays. The flavour of butter, which was formerly regarded as 
due to the esterification of the fatty acids, seems to result from the fermentation of lactose 
and the formation of aldehydes. 

The proportions of the various fatty acids entering into the composition of the glycerides 
of butter are as follow: stearic, 7 to 11 percent. ; palmitic, 14 to 18 per cent. ; m;^uistic, 
11 per cent, or more ; lauric, 14 to 16 per cent. ; oleic, 25 to 30 per cent. ; higher im- 
saturated acids, 4 to 5-7 per cent, ; also the volatile acids, butyric, caproic, caprylic, and 
capric ; further, small proportions of acetic, araohic, and hydroxy-acids, cholesterol, 
phytosterol, lecithin, and a yellow colouring-matter ; winter butter is loss yellow than 
that of summer (green feeding of the cows). Unlike other fats, butter contains a mixed 
palmito-oleo-butyric glyceride, C 3 H 5 (Ci 6 H 3 i 02 ){Ci 8 H 3303 )(C 4 H 702 ). 

Also, in comparison with all other fats, butter contains a large quantity of volatile 
acids soluble in water. 

Commercial butter should contain not more than 18 per 
cent, of water (or 16 per cent. + 2 per cent, of salt) and at 
least 80 per cent, of pure fat. 

In judging of the purity of butter, reference should be 
made to the constants given in the Table on p. 378 and 
to what has been said on pp, 373 and 375 with respect to 
the soluble volatile acids and to the butyro-refraotometric 
reading, which should have the following values at different 
temperatures ; 4T5 at 45°, 43*6 at 43°, 43*7 at 41°, 44*7 
at 39°, 45*9 at 37°, 47 at 35°, 48*1 at 33°, 49*2 at 31°, 50*3 
at 29°, 51*4 at 27°, and 52*5 at 25°. 

The most certain method of detecting adulteration of 
butter with coco-nut oil is by determining the volatile 
fatty acids insoluble in water (Polenske number).^ 

Adulteration with margarine is readily detected by the content of aggregated crystals 
which are observed under the microscope in polarised light or, better, in light which has 
previously passed tlorough a selenite plate. Fresh, non-melted butter does not, indeed, 
yield crystals, but old and rancid or melted butter does give them, so that, in this case, 
the test is invalid. 

The determination of water, fat, solids not fat (casein, lactose, and mineral salts) can 
be simply carried out, according to Fahrion (1906), as follows : in a platinum crucible, 
tared together with a glass rod, are weighed 2*5 to 3 grms. of butter, which is then heated 
over a small flame and stirred until it is melted and clear ; re weighing gives the proportion 

‘ Polonskc (1904) showed that coco-nut oil contains a high and constant proportion of volatile fatty acid 
insoluble in water, wliilst butter contains very little of these. If the Polenske number (or new bvtter-mlue) is 
expressed in c.c. of decmonnal KOH necessary to neutralise the insoluble volatile acids contained in 5 grms. 
of the fat, its value is 16 8 to 17 8 for coco-nut oil and 1 5 to 3 for pure butter. The Peichert-Meissl-WoUny 
number and the Polenske number may be determined by a single operation, the butter being saponified in the 
following manner (Leffmann and Beam) : 5 grms. of the filtered butter, together with 20 grms. of glycerine and 
2 c.c. of caustic soda solution (100 l^TaOH to 100 HaO), are placed in a flask of about 300 c.c. capacity, this 
being heated with a naked flame. After 5 to 8 minutes boiling, the water evaporates, frothing ceases, and the 
mixture becomes clear, the heating being then continued for a few minutes longer. When the liq.md has cooled 
to 80° to 90°, 90 c.c. of water at 80° are added, a clear and almost colourless solution of the soap formed being 
thus obtained. To this solution, heated nearly to boiling, are added 50 c.c. of dilute sulphuric acid (25 c.c. of 
the concentrated acid in a litre) and i grm. of powdered pumice, the volatile acids being then distilled so that 
110 c.c. are collected in 19 to 21 minutes m an apparatus corresponding exactly with that shown m Pig. 248 
on p. 373. 

The 110 c.c. flask is cooled in water at 15° and inverted several times to cause the drops of insoluble fatty 
acids to collect. The liquid is filtered, titration of 100 c.c. of the filtrate with decmormal KOH giving the Reichert- 
Meissl-WoUny number. The tube of the condenser and the 110 c.c. flask are then washed with three separate 
amounts of 15 c.c. of water, which is passed through the filter, the flask being subsequently washed with three 
quantities, each of 15 c.c., of neutralised 90 per cent, alcohol. Titration of tho whole of the alcoholic filtrate 
with decinormal KOH gives the Polenske number, which allows of the detection of 10 per cent, of coco-nut oil 
in butter. The result has been stated to be inconclusive if the cows have been fed with coco-nut cake, 
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of water. The residue is then dissolved in light petroleum and the solution filtered 
tlirough a fared filter, which is well washed with solvent. The filtrate is distilled in a 
tared flask and the remaining fat dried for an hour in an oven at 100° to 102° and weighed. 
After drying at 100° the weight of the filter less the tare gives the non-lat. By burning 
the filter in the crucible, incinerating and weighing, the salts (NaCl) or mineral substances 
are obtained. 

The degree of rancidity is determined as described on pp. 374 and 375. 

In order to avoid rancidity, butter must be kept or despatched in ice or in 
cold chambers. Butter may be coloured yellow by saffron, tumeric or, more commonly, 
annatto, which is an extract of the fruit of Bixa orellana made into a paste with an oil ; 
the use of coal-tar dyes is prohibited. 

No addition of antiseptic, for the keeping of butter, is allowed ; boric and salicylic 
acids can be detected as in beer {see p. 179). The presence of formaldehyde may be 
ascertained by distilling 25 c.c. of water in a current of steam from a flask containing 
50 grms. of butter and 50 c.c, of boiling water ; the distillate is tested by moans of Bimini’s 
reaction {see p. 109). 

Addition of artificial yellow colouring-matter is shown by the intense coloration 
assumed by absolute alcohol when shaken with the fused butter. 

The price of butter varies with the year and season from about 2r5. to 2s. dd. per kilo. 

Italy produced more than 220,000 quintals of butter in 1906 and has always been a 
large exporter, but the competition of other countries (Bussia, Denmark, &c.) and the 
severity with which England, in particular, penalises sophisticated butter have diminished 
the exports from 60,000 quintals in 1905 to 50,000 in 1906, 35,000 in 1907, 31,840 in 1908, 
and 34,000 in 1910. While at one time the amount exported annually to England was 
as much as 30,000 quintals, it was only 5000 in 1907, 6800 in 1908, and 8500 in 1910. 

In 1906 Bussia exported 432,323 quintals of butter and in 1907 547,000 quintals. 
260,000 of this quantity being from Siberia alone. England imported butter to the 
value of £21,000,000 in 1904. In 1902 the United States produced 6,000,000 lb. of 
renovated hiitterf in addition to margarme and ordinary butter. In 1909 Germany 
imported 104,000 quintals of butter from Bussia and 168,000 quintals from Holland. 
Hungary produced 200,000 quintals in 1909 and Holland 600,000 in 1906. 

BONE FAT is obtained mainly from glue factories, and is extracted from the crushed 
bones either by boiling with water {see vol. i, p. 508) and skimming the fat which collects 
at the surface, or by treatment with benzine or carbon disulphide in an extraction appara- 
tus {see later). The first method yields 3 to 4 per cent, of fat, and the second 7 to 9 per 
cent. The latter has, however, an unpleasant smell and is dark and of inferior quality ; 
it can be refined by means of dilute sulphuric acid or sulphuric acid and dichromate or 
barium peroxide {see Tallow). Its constants are given in the Tabic on p. 378. 

It is used in making soap, especially resin-soap, 

HOG^S FAT (Lard) is obtained by melting the fatty parts of the pig, as in the case 
of tallow (Befining, p, 381). In Germany large quantities of it arc consumed lor 
culinary purposes, and in Italy almost the whole of this product is used by the lower 
classes as a substitute for butter and oil. Considerable amounts are employed in making 
soap and candles. In 1891 Germany imported 750,000 quintals from the United States ; 
but since this was prepared with all the refuse of oxen and pigs, and also with the residues 
of diseased animals, while addition of appreciable quantities of cotton -seed oil and bleaching 
by the addition of lardstearine were also resorted to, the food-value was greatly lowered. 
In 1906 Germany imported a total of 1,251,152 quintals of lard, of the value of £4,600,000. 
The Table on p. 378 gives its constants. The presence of cotton -seed oil is delected by 
Halphen’s test {see p. 381). 

In the United vStates the production of lard is continually increasing, 21 millions of 
pigs being killed in 1902 and 2^ millions in 1905, the exports amounted to 170,000 tons 
(£9,187,200) m 1910 and 270,000 tons (£10,901,000) in 1911. Italy imported 9934 quintals 
of lard in 1906, 17,520 in 1907, 21,700 in 1908, 23,849 in 1909, and 10,564 quintals (worth 
£63,400) in 1910. 

^ Renovated 'butter is prepared in America from rancid butter, which is kneaded with a solution of sodium 
bicarbonate {eg. in the Werner and Pfleiderer kneading machine, Fig. 258, p 884), and is then washed with just 
tepid water in the rotatmg-plate kneader (Fig. 257, p. 388) xmtil it no longer gives an alkaline reaction. It is 
then kneaded again in the former machine with milk, cooled with a jet of very cold water and treated like ordinary 
butter a second time in the latter kneader. Natural butter can be distinguished from renovated butter since 
when melted at a moderate temperature, the former gives a limpid and the latter a turbid mass, 
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FISH OILS 

FISH OILS : WHALE OIL and COD-LIVER OIL. The fat of the whale, seal, and 

dolphin IS extracted from a species of lard contained in the membranes of the brain and 
back ; it is, however, worked m a primitive manner, being left to melt and putrefy in 
barrels exposed to the sun. The oil being thus separated, the residue is boiled with water 
to extract the tallow. When heated with water, the oil loses its unpleasant odour to 
some extent. 

The head and other parts of the body of certain whales, especially Physeter macro- 
cepJialm (Cachelot whale), contain an oil already separated and different from that of 
the lard ; it solidifies at the ordinary temperature, giving the so-called SPERMACETI 
(or Sperm Oil), which, after filtration, pressure (to separate the stearin or solid wax), boiling 
with water and a little caustic soda and repeated washing with water, forms a fat or oil 
of great value in the manufacture of pharmaceutical products, perfumes, and high-class 
candles. 

Cod-liver Oil (from the fresh liver of Gadus morrliuaf caught in large numbers in Norway 
and elsewhere) is used in considerable quantities as a recuperative medicine in virtue of 
the small proportion of chemically combined iodine and of the large amounts of readilj- 
emulsifiable fatty acids it contains. It is now' obtained with a less unpleasant taste and 
smell, as it is being prepared in a more rational way by melting it in closed vessels wuth hot 
water or direct steam, the best results being obtained m absence of air — in an atmosphere 
of hydrogen or carbon dioxide or in a vacuum (Eng. Pat. 25,683, 1906) ; it is then freed 
from the stearin by thorough cooling and filtration. 

Natural cod-liver oil, prepared by the old process, has a considerably higher acidit}^ 
(acid number, 8 to 25) than that separated by the more modern methods (acid number, 
0*7 to 1-4). 

The production of cod-liver oil in Norway shows a continual increase, although it 
varies in different years, according to the abundance or scarcity of the fish, from 20,000 
to 100,000 tons per annum, about one -half of this amount being obtained by the new'er 
methods of extraction. Italy imported 31,170 quintals of fish oil in 1906, 55,030 in 1907, 
and 61,323 quintals (of the value of £122,686) in 1910. Germany imported 213,400 quintals 
in 1909. 

Adulteration of the oil is detected by analysis, taking account of the constants given 
in the Table on p. 378. 

Fish-oil Waste is used m dressing leather, in the manufacture of DEGRAS/ ako em- 
ployed for treating skins, and m the preparation of fatty acids for soap-making ; these 
fatty acids are deodorised by heating with 15 to 20 per cent, of concentrated sulphuric 
acid at 30° to 40°, washing and distilling with superheated steam. 

WOOL FAT. Pliny mentions the use of this fat m medicine and its employment for this 
purpose extended to the seventeenth century. In 1856 Chevreul classified it with the w^axes 

DEGRAS IS obtained m the chamoising process (separation of the fat fiom the skins after it lias served 
to oil them during tanning) and is used for tanning other skins. It consists essentially of water (30 to 40 per 
cent,), rancid fish oil, rcbinoiis substances {dt’gragem or dvgras-former, 14 to 20 per cent ) from the oxidation of 
the oil, mineral substanei's (about 2 per cent, consisting of lime, soda, and sulphates) and lesidues of skin, mem- 
biancs, hair, *c (about 5 p(‘r cent ). It has an acidity number of 25 to 35, an iodine nurabei of 34 to 36, a saponi- 
fication number of 144 to 155, an acetyl numbei of 32 to 44, and 1 to 3 pel cent of non-saponifiable substances. 
It IS yellowish blown, has an odoui of fish oil and readily foims a very peisistent emulsion with water. Dt'gm- 
ghie IS the chaiacteristic constituent and, unlike other lesins, is insoluble in light petroleum 

Its value m diessmg skins lies in its property of penetrating readily, and m large quantities, the semi-moist 
skins, m the pores of whieli it becomes unifoimly distributed, imparting veiy desirable softness and fullness, as 
well as keeping qualities. 

This use of d^gras has been known for many yeais and has increased so rapidly that the supply is no longer 
sufficient, factories for artificial degras having been established. This is prepared by kneading refuse and clippings 
of skins with fish oil, exposing the mass to the air to oxidise and pressing out the artificial d^gras or mof lion ; 
the residue is then treated with a fiesh quantity of fish oil, this operation being repeated until practically no 
residue remains. Attempts have also been made to obtain moellon by pulverising fish oil in the air at 120° and 
emulsifying with water. At the piesent time, the term degras is applied to a complex substance for dressing 
skins and consisting of a mixture of moellon with wool fat, tallow, and other solid fats, whilst by moellon is 
indicated the aqueous emulsion of oxidised fish oil. Artificial dfigras is now preferred to the natural pioduct, 
since different types can be prepared for different purposes, such types being of more constant composition, and 
hence more certain in their effects. A good artificial dSgras usually contains 15 per cent, or more of d^gragene 
and less than 20 per cent, of water. When such dSgras contains more than 1 to 2 per cent, of non-saponifiable 
subslances, these are derived, not from the fish oil but rather from the wool fat, resin oil, mineral oil, Ac. French 
dteras sometimes contains 1 to 2 per cent, of soap and as much as 5 to 6 pei cent of skin fibies : in general, it 
should contain less than 0-05 per cent, of iron and, when spread in a thin layer on glass and kept for ten hours 
m an oven at 100°, it should not form a varnish but should assume only a horny consistency. When smeared 
on moist and well-pressed paper, it should be absorbed within an hour, leaving only a minimal residue. 

Natural d6gras costs about 56s. per quintal, the artificial product of the first quality about 40s., and the French 
(moefilon) about 68s. 
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owing to its riclniess in cliolesterols and in 1867 Vohl proposed its preparation from the 
wash-waters of wool. When washed with tepid water, soap, and a little potassium or 
ammonium carbonate, certain greasy wools (from Australia) lose as much as 40 to 50 per 
cent, of their weight as soil, fatty acids, potash soapy substances and fat, secreted by 
the superficial layers of the skin. The wool from certain races of sheep may contain 
from 7 to 35 per cent, of true fat (if the sheep are not washed before shearing). 

In some factories the wool fat is extracted from the dried wool by means of carbon 
disulphide or, better, of benzine (at Verviers, in Belgium, the wool from all the establish- 
ments in the city has for several years been washed with benzine in a large works), subse- 
quent washing with water and a little soap being then more easy and economical. The 
midt fat obtained in this way after distillation of the solvent is slightly coloured and 
almost free from water, and is ready for the market. Usually, how(‘ver, the dirty wool 
is washed in the Leviathan machine, the soapy, greasy wash-waters being first allowed 
to stand to deposit earthy matters and then treated with dilute milk of lime or, betfer, 
with calcium chloride solution slightly acidified with hydi’ochloric acid. The soaps and 
fatty acids (palmitic, cerotic, a little caproic and oleic and traces of stearic, isovaleric, 
butyric, myristic, carnaubic, and laiioceric) are precipitated as calcium salts and carry 
down the wool fat, which is only shghtly saponifiable owing to its large content (55 to 
60 per cent.) of cholesterol, isocholesterol, ceryl alcohol, lanolyl alcohol (O12H24O) and 
camaubyl alcohol (C24H50O), which do not contain glycerides. After this treatment the 
wash-waters are either left to stand or coarsely filtered to separate the pasty mass ; in 
some cases the water is removed from the calcium soap and fat by centrifuging in a 
separator similar to that used for milk (Fig. 260, p. 387). The paste thus obtained is 
dried in the sun or in an oven and then made mto cakes with sawdust, &c., the rather 
dark ernde wool fat being extracted from these by means of carbon disulphide or, 
better, benzine. The residue from the cakes, when treated with dilute sulphuric acid, 
yields fatty acids and the resultant aqueous emulsion, coarsely filtered to remove solid 
substances, deposits the fatty acids on heating. 

Thus obtained, wool fat is dirty yellow, transparent, and very viscous (it can bo 
obtained pale yeUow by special refinmg processes) ; it melts at 36° to 40°, and has a 
saponification number of 85 to 105, an iodine number of 13 to 17, an acid number of 
0-5 to 1*3, a Hehner number of 85 to 95, a Beichert-Meissl number of 6 to 7, and 0-5 to 
1 per cent, of water, while its rotatory power in saccharimetnc degrees is +10*2 to 
•fll*2. Commercial lanolme-does not contain more than 30 per cent, of water. 

Wool fat is better suited than any other fat or even vaseline as a basis for salvos 
and ointments, and has also considerable power to penetrate the skin. It mixes readily 
with large proportions (up to 105 per cent.) of water (which separates in the hot) and, 
if mixed with 20 per cent, of olive oil, it can absorb 320 per cent, of water. 

in. some cases the crude wool fat is distilled with superheated steam, this procedure 
giving a wool oil or wool oleine containing 40 to 50 per cent, of fatty acids, 35 to 45 per 
cent, of hydrocarbons, and 5 to 10 per cent, of alcohols, while ike distillate deposits a 
tuool stearine, wliich melts at 42° to 55°, has an iodine number of 37, and a saponification 
number of 170, and contains cholesterol and, altogether, 73 to 88 per cent, of free, solid 
fatty acids. 

In 1905 Germany exported 1340 quintals (1300 in 1903) of lanoline, of the value 
of £10,000. 


VEGETABLE OILS 

In plants oils accumulate especially in the seeds and the fleshy parts of 
the fruit, rarely in the roots. The composition of these oily parts varies 
somewhat with the locality and with the character of the season.^ 

In 1881 Italy imported 201,000 quintals of vegetable oils for industrial 
purposes ; in 1891 about 542,000 quintals, and in 1903 almost 707,000 (20,000 
of palm and coco-nut and 43,000 of cotton-seed oil ; in 1905 the amount 
rose to 120,000 quintals) In 1905 Italy also imported 650,000 quintals of 
oily seeds (104,000 of castor oil, 180,000 of sesame and arachis, and 360,000 

1 For the Mean Composition of Oily Seeds and Fruits (the maxima and minima are 10 to 16 per cent, 
above and below the mean values), see Table at foot of next page. 
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of linseed, rapeseed, and ravison). In 1910 Italy imported 58,456 quintals 
of olive oil, 3825 of linseed oil, 35,800 of cotton-seed oil (in 1909, 306,000 and in 
1908, 108,000 quintals, of the value of £320,000), 20,000 of coco-nut oil, 81,900 
of palm oil, 177 of castor oil, and 50,800 (onty 4700 in 1908) of arachis oil ; 
in the same year were imported also 129,570 quintals of castor oil seeds, 
367,660 of linseed (463,000 in 1909), 22,800 of rape and ravison seeds, 385,880 
of sesame and arachis seeds, and 130,000 cpiintals of various other oily seeds. 
In 1908 Erance imported 7,830,400 quintals of oily seeds (4,050,000 for 
Marseilles), and 324,000 quintals of olive oil. The imports at Marseilles alone 
were, in 1910, 6,656,790 quintals of oily seeds, 348,000 quintals being arachis, 
171,423 tons copra, 91,000 tons sevsanie, and 11,655 tons cotton-seed. 

The oil is extracted by two processes : by pressure and by means of solvents. 
Edible oils are always obtained by the former method, as also are most of the 
others, solvents being used to extract the remaining oil from the pressed 
residues [oil-cake], when these are not to be used for cattle-food. 

According to the jDower and degree of perfection of the pressing appliances, 
from one-fourth to one-seventh of the total oil is left in the cake. Extraction 
of the powdered cake with solvents removes all but the fiftieth part of the 
total amount of oil (1 to 2 per cent, instead of 10 to 12 per cent.). 

The seeds are not worked up immediately after gathering, but are first 
matured, dried, and turned in bins or silos. They are then cleaned with 
sieves and fans, crushed in a kind of roller press (similar to that shown in 
Eig. 212, p. 251) and powdered (sometimes this is done directly) in vertical 
cast-iron or stone mills like that illustrated in Eig. 210 on p. 251. A mill 
with a diameter of 1*7 metre converts about 35 litres of linseed into fiour 
in twenty-five minutes. 

To obtain the edible and so-called virgin oil, the flour is pressed cold, 
although more commonly the pressing is carried out in the hot, this increasing 
the yield but injuring the quality and colour. 






Organic 

Proteins 
in 100 

Cakes after 
pressing 


Watei 

Ash 

Oil 

free from 

parts of 













oil 

organic 

matter 

Eat 

per cent. 

Protein 
per cent. 

Olive : pulp .... 

24*22 

2 08 

56 40 

16*70 

1*10 



Jceinel (sliell) 

4*20 

4 16 

5*75 

85 89 

2*50 

y 5-15 

4-8 j 

se(‘d . 

0*20 

2 16 

12*26 

79 38 

2*16 
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Linseed winter . 

summer . 

8*65 

7*80 

3*15 

3 20 

35*20 

31*60 

53 

57*40 

22 10 

24 

\ 

1 6-8 

30-38 

Bicnius (seeds) : Italian . 

Indian . 

8 

7 26 

2*93 

3*40 

52*62 

55*23 

36 45 
34*11 

25*50 

24*26 

} 7-10 

28-31 

SesaiuS (seeds) : brown Levant 
yellow Indian 

5 90 

7 06 

7*52 

6 85 

55*63 

50 84 

30*95 

35*25 

21*42 

22*30 

j- 10-15 

35-40 

Cotton-seed : Egyptian . 

American . 

7*54 

8-12 
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9*44 

23*95 
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59*91 
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39*25 

51*14 
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7.37 
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old . 

1 2 75 

2*50 

41*63 

53*12 

27*85 

Hempsced 

1 8*05 

3 45 

33 60 

54 30 

15*95 

8-12 

28-33 

Mustaid ; black .... 

6 78 

4 21 

22 20 

66 81 

20 52 

— 

— 

white .... 

7 

4*45 

29*30 

59*25 

28 20 

} 9-11 

— 

Eoppy . white .... 

8 85 

3 42 

55*62 

32*11 

16 89 

33-37 

black .... 

9 50 

4 

51 36 

35 14 

17-50 

Sweet almonds .... 

9*53 

2*86 

51*42 

38*19 

22*50 

— 

— 

Maize : whole gram 

— 

— 1 

6*10 

' — 

— 

— 

— 

germ .... 

— ' 

— 

44 46 

— 

— 

6-10 

14-18 

P'alm fruit 

— 

— 

65*72 

— i 

— 

— 

— 

Palm kernel .... 



— 

45*50 

— 

— 

7-9 

14-17 

Coco-nut ..... 

— 

— 

45*63 



10-14 

18-22 
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Nowadays the pressing is ejected almost everywhere with hydrati.lic presses of various 
forms,^ and only in small works are wooden or metal screw-presses still employed. 

A hydraulic press which is widely used is the ring-press of Brink and Hiibner, of 
Mannheim, sho'wn in Big. 2 61. The powdered seeds are placed on the rings, the base 

of which consists of a movable, perforated steel plate 
covered with a disc of woollen or horsehair material. Tlie 
flour is well pressed by hand or by a suitable machine, 
covered with a second woollen or horsehair disc, and passed 
along the guides, h, being thus brought between two plates, 
€, which are smooth underneath and grooved on the top 
and fit exactly into the two rings containing the flour, one 
above and the other below. The grooved side of the plate 
has also a circular, peripheral channel which collects the 
oil issuing from the perforated base of each of the rings 
when the press is working. 

The automatic changing of the rings requires 1 to 2 
minutes, about the same length of time being occupied 
in discharging them, while, under a pressure of 200 to 
300 atmos., the pressing is complete in 8 to 10 minutes. 
Especially with palm oil and coco -nut oil, the pressing may 
be carried out in the hot, the plates being arranged so that 
they can be heated ,* this procedure shortens the time of 
pressing and increases the yield of oil. In some cases the 
pressing is carried out first at a low pressure, which gives 
an oil of improved quality, the cake thus obtained being 
ground {e,g, by an Excelsior mill, p. 168) and squeezed 
under a high pressure for the extraction of a further 
quantity of oil of lower grade. 

Extraction of the oil by means of solvents (first attempted 
in England in 1856), from the crushed seeds or broken 
cake, is effected with carbon disulphide {see vol. i, p. 39G) 
— which has considerable solvent action on fats, even in 
the cold, but also removes a certain amoimt of chlorophyll — or with light petroleum 
(benzine), which exerts its maximum solvent effect in the hot. The use of carbon tetra- 

* The HYDRAULIC PRESS is based on Pascal’s piinciple, according to which a piessiire exerted on any 
point of a liquid mass is transmitted wnth the same intensity in all directions So that, if a pressure of 1 kilo, 
is exerted, by means of a piston 1 sq. cm. in aiea, on a liquid in one arm of a U-tiibe, the other branch of which 
is closed by a piston 16 sq. cm in area, this would require a pressuie of 10 kilos to balance the first piston (Fig. 
262), the pressure transmitted bj the pressing surface being piopoitional to the ari'a receiving the pressure. 



16 K 




Big. 263. 


The hydraulic press consists of a suction pump, P (Fig. 263), which diaws water from the reservoir, A, and 
forces It through the strong copper tube, into the thick-walled chamber, P, hermetically sealed at the upper 
part by a large piston, &, carrying a wide plate, a, on which is placed the material to be compiessed. The com- 
pressing surface is that of the base of the smaU pump-piston and the surface receiving the pressure is given by 
the base of the piston, h, the pressure received being dependent on the ratio of the sections of the pistons and 
on “i^/atio between the arms, OP and PP, of the pump-lever. If PR is ten times as long as PO and the force 
exerted at R is 30 kilos, the piston of the pump receives a pressure of 300 kilos (30 x 10) : if, on the other hand 

AKAn pressure exerted on the 

latter win oe 4500 kilos (300 x 15) 

When the piston, 5, rises, the plate presses the substance against a strong cover, d, fixed by three or four 
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EXTRACTION OF OILS 

chloride has also been suggested recently [see vol. i, p. 378), since it is not inflammable 
like the other two solvents and, further, allows of the extraction of the oil from moist 
substances. 

The extraction can be carried out by direct exhaustion or* by systematic exhaustion. 
In the former case, the substance is treated with pure solvent, so that large quantities 

of dilute solutions which must be 
concentrated are obtained ; in the 
other process, a number of appa- 
ratus are arranged in a series so 
that the solvent passes from one to 
the other and leaves the last com- 
pletely saturated, while the first 
apparatus, as it becomes exhausted, 
IS charged with fresh material and 
placed last in the series (see vol. i, 
p. 470, and exhaustion of beet in the 
diffusers, under the heading Sugar, 
late ) ). From the saturated solution 
of the oil, the solvent is distilled 
by means of direct or indirect steam 
and is thus completely recovered, 
while the crude fat remaining is 
refined. 

There are various forms of appa- 
ratus corresponding with the first 
method of extraction, such as the 
Fig. 264. jjerz universal extractor^ that of 

Pallenberg, and the Wegelin and 
Hubner (Fig. 264) form, which is fairly widely used. In the last of these the fatty material 
is placed in the vessel, A, into which solvent is introduced from D by means of the tube, 
r q. The solvent saturated with fat is discharged into the still, C, where, by means of 
indirect steam passing through the coil, y, the solvent is distilled, its vapour ascending 
the tube, i, and condensing in B, and the liquid collecting in D. The fat remaining m 

columns, e. When the pressure is to be released, the water is discharged from the chamber, B, and the piston 
descends. The pump is provided with a safety-valve which legulates the luaxiinum pressure desired. The 
large piston is made tight by encircling it at h with a 
leather ring (devised by the Englishman Bramah) with an 
inverted U-section ; the water, in its attempts to escaj e 
along the sides of the piston, enters the ring and forces 
its edges against the piston with a pressure increasing with 
the pressure of the water, and thus forms a true hermetic 
seal. 

Nowadays horizontal hydraulic presses, which discharge 
the oil and calie moie easily, aie also used, but these occupy 
more space, while at the same time the piston docs not 
recede of itself at the end of the operation. 

In practice, when a substance is to be compressed with a 
hydraulic press, two or moie pumps aie used. The fiist, 
which has a long stioke, raises the piston and plate rapidly, 
since at first the resistance is small ; when the pressure 
increases, the compression is continued moie slowly by 
means of a small pump. 

To avoid attention to a number of pumps and loss of 
energy, works employing many hydraulic presses make use 
of the so-called hydraulic accumulators (Armstrong, 1843), 
which provide a store of water under high pressure for the 
feeding of several presses at once (Eigs 265 and 206). A 
piston, L, moving m a cylinder, B, 3 ust as in an ordinary 
hydraulic press, receives pressure from below by means of 
compressed water from a pump, passing through p and ; 
the upper part of the piston is fixed to the centre of a 
plate, C, which, by means of three columns, supports 
the plate, E, carrying the heavy iron discs, D. When the piston is raised by the compressed water entering 
A, the whole accumulator, B, C, and the discs, D, are raised. "Wlien is closed, A contains a store of 
water under great pressure which transmits pressure to a number of hydraulic presses simultaneously when 
the cock, Vs, communicating with these presses is opened. In order to prevent the piston, L, from being 
raised too much and so forced out of the cylinder, B, the lower part of the piston is provided with a small vertical 
channel with a lateral exit ; when the latter is forced from the top of the cylinder, B, the water escapes, the 
pressure is lowered and the piston falls. Barge works are supplied with two or more accumulators, so that when 



Fig. 265. Fia. 266. 
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G can then be drawn off through the tap, x, but if it retains solvent tenaciously, it is 
first heated by a current of direct steam, solvent and water tlien condiaisnig together 
in the condenser, B ; owing to their mutual insolubility, these two liquids can be s(‘para<(‘d 
by means of a suitable separator situated at w between B and D, the water being thrown 
out. If the solvent saturated with fat, instead of being drawn off by the tube, u, is 
caused to rise to the top to the tube, I, whence it falls into the tube, v, the extraction is 
effected with continuous circulation of the solvent until the substance is exhausted. To 
expel and recover the solvent retained by the substance remaining in a current of 
direct steam is passed into the latter ; this carries off the vaporised solvent along the 
tube, h, through the valve, n, to the cooling coil, jB, the condensed water and oil being 
passed through the separator, before the latter liquid is collected in D, 

Large works, however, always use batteries of extraction apparatus arranged in 
series. 

In a good extracting plant, the loss of solvent does not usually exceed 0*5 per cent, 
of the weight of oil extracted and is always less than 1 per cent. 

REFINING of oils, to separate as far as possible the tannin, protein, and colouring- 
matters extracted from the oily seeds and fruits, is generally effected by means 
of dehydrating or oxidising agents (the latter attack the colouring -matters more 
especially). 

In order that sulphuric acid may not act on the glycerides (forming ethers) and heat 
and partially carbonise the oil, it must be used at a concentration of about 60° Be. and 
in small quantity (1 to 2 per cent.) with oil heated to 50° to 60°, or with the cold oil ; under 
these conditions the few impurities are first carbonised and the oil becomes coloured, 
but after filtration it is obtained paler, purer, and clear. 

Zinc chloride often gives almost the same results as sulphuric acid, and is added in 
concentrated solution (sp. gr. 1*85) and in amounts up to 1*5 per cent, of the oil ; the 
black flocculent matter formed separates on standing or filtration. 

In some cases it is sufficient to leave the oil in large closed tanks of tinned iron with 
conical bases fitted with taps so that the impurities which gradually settle may be removed. 
Fragments of coal, peat, -^ow, &c., may be added, these carrying down the impurities 
as they settle. In order to avoid prolonged contact of the oil with the air, pressure filters 
(described in the section on Sugar) are preferred ; either the oil is placed at a higher 
altitude than the filter, or the pressure is applied by means of pumps, it being possible 
in this way to filter 1000 to 2000 kilos of oil in 24 hours. To purify with sulphuric acid 
{see later, TwitcheU process), the latter is poured in a thin stream into the oil contained 
in a lead-lined vat and kept well stirred. After 7 to 8 hours, by which time small 
black clots of carbonised impurities have deposited, ' the oil is decanted into a second 
vat, washed two or three times with water at 40° to 60° (in some cases a small quantity 
of sodium carbonate is added to the second water), being stirred meanwhile or emul- 
sified by air from a Korting injector ; after being left to stand, it is either decanted or 
filtered. 

The water is sometimes intimately mixed with the oil to be washed by means of the 
so-called emulsor-centrifuge (Fig. 267), consisting of two superposed metal plates with 
the concave parts inside and mounted on a hollow axle rotatable at 8000 to 10,000 revs, 
per minute, while through a central aperture commanded by two taps — exactly adjust- 
able — the oil and water are introduced in the desired proportions. The distance between 
the two plates can be altered so as to give a sMt between their edges from 0*02 to 2 mm. 
m width, the more or less completely emulsified mass being forced out through the slit 
by the plates themselves. If the oil does not separate from the water on standing, the 
emulsion may be destroyed by added powdered and calcined sodium sulphate or carbonate 
(which act as dehydrating agents) or by agitating the emulsion with animal black or 

one is raised and the other at its low position, exc,ess of compressed water supplied by the pumps at any moment 
IS directed to the latter accumulator, which is hence raised. In this way, also, the final pressure of the hydraulic 
press can be utilised before discharging it, energy being thus saved that would otherwise be lost. 

By these means, a uniform and persistent pressure may be exerted on several presses, but it is exerted, not 
gradually, but instantaneously, which may be disadvantageous in certain cases, unless indeed various accumu- 
lators at different pressures are employed. Accumulators with small pistons may be used for pressures up to 
400 atmos. The circular iron rings composing the accumulator may be replaced by a single large cylinder filled 
with scrap iron or stones. 

The pressure of a hydraulic accumulator may be exerted in some degree gradually by connecting it with a 
compressed-air chamber {automat%G accumulator). As liquid for use in the accumulators, water, glycerine, or 
oil may be employed. 
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magnesium silicate (which separates the components) ; hut the best results are obtained 
Wi cenii ift^a.l separators, like that used for nulk (see p. 387), the water and impurities 

being forced to the periphery, where they adhere, while the oil is discharged by the central 
7 7 ^ also be mixed in the same vray and continuous working maj be 

a anie y means of a battery of omu.lsors and another of centrifugal separators ; the 
cl er ws to purify flie dregs of the oil and, in general, colloidal and soapy products 

o oi s. en le emulsified or colloidal condition is due to the presence of gum or 

h the glycerides, this breaking domi the emulsion so 

+ ^ Vthen stable emulsions of Oil and water are required, as is some- 

. lines e case, t ley can be obtained by pouring the oil into a mixture of water and the 

amic 6 0 ca iigier fatty acid or an acidyl derivative of an aromatic base, or both of these, 
together with ^ the, salt of a higher fatty acid (Kosters^ 1906p 

To deodo}ise oils, they are passed through bone-black or, sometimes^ elm-bark. In 
some cases, and more especially when very rancid, oils care purifiecl by demidifijing them 
With a concentrated solution (8^ to 10° Be, for cottonseed oil and B6°\o 38^ B6. for olive 
oil) Or caustic soda in amount slightly exceeding 
that calculated from the acid number ; this 
treatment, however, readily leads to the forma- 
tion of persistent emulsions and to loss of 
glycerides and also of fatty acids. These emul- 
sions, winch are due to the presence of soaps, 
are broken down in the inanner already de- 
scribed, first being heated to 50° to 60° If 
the acidity exceeds 30 per cent., the losses 
Would be so high that deacidification is not 
advLsable ; such oils (e.g. highly acid olive oil 
after refining with sulphuric acid) cannot he 
used as lubricants or for softening wool, but are 
used solely for soap, unless indeed the fatty 
acids are transformed into glycerides by treat- 
ment with glycerine as described on p. 373. 

Bleaching with hydrogen peroxide, dichromate 
or permanganate is earned out as with tallow 
{see p, 381), but if the oil is first deacidified, 

100 grins, (instead of 1500 grins.) of dichromate 
per quintal are sufficient- If it is required to 
eliminate every trace of soap, the oil is heated 
With a boiling solution of 5 per cent, sulphuric 
acid. Vegetable oils are frequently decolorised 
nowadays with fuller’s-earth {see p. 77).i 

OLIVE OIL IS obtained by pressing the fresh olives of Olea europcea in the period 
from October to December (in Morocco, in August and September). The olive grows in 
abundance in Central and Southern Italy, on the shores of Lake Garda, on the Genoese 
Hiviera, and in Southern Branco, Spain, Portugal, Dalmatia, Istria, Greece, Morocco, 
California, and Southern India. 

The composition of the fruit is given in the Table on p. 391. 

It is not advisable to extract the oil from stored or fermented olives, these giving the 
so-called huih tournante, which is rich in fatty acids and yields a persistent emulsion 
when shaken with soda solution, , and a Turkey -red oil — similar to the sulphoricinate 
(see p. 327) — when treated with eoncentrated sulphuric acid. 

If the olives cannot be worked at once, fermentation is prevented by storing them in 
a cold, dry, and well-ventilated place. The fermentation (according to Tolomei) is due 
to an enzyme {olease) occurring with the oil, which, in the piesenee of air and light, it 

* Fuller's-earth lias been long used in Northern Africa for clarifying olive oil; in Chicago it ms tlivs 
employed as early as 1878, but its use was considerably extended snbsegtueatly to 18^0. It consists of alunnniUTn 
and magnesium hydxosilicates, and is found in granular or powdery deposits In Florida and also at Frawstadt, 
in Silcsia. The decolorising action of tlm earth depends on its state oi hydration, the maximum effect being 
obtained if it is first lightly roasted (at about 200T^ while if the roasting is carried too far so that all the water 
of hydration is lost, the decoJorieing power is entirely destroyed. The oil is shaken with 1 to 3 per cent c£ the 
earth, and the mass heated for a short time at a temperature (60® to 100®) varying with the nature ot the niL 
and then passed to the fllter-press, the first turbid portions of the filtrate being refiltered. 
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decolorises ; if the olease is removed by washing the oil with water, the oil is not 
decolorised under the influence of light. 

The extraction of olive oil is not always effected by rational processes and plant, but 
usually the olives are first crushed by means of the ordinary edge-runners {see Fig. 210, 
p. 251). 

The pulp is next placed in suitable bags of tenacious vegetable fibre or wool surrounded 
by horsehair and then pressed, the type of press employed varying widely with the locality. 
The ring hydraulic press {see Fig. 261, p. 392) and other forms, still further improved, 
give excellent results. In some cases a moderate pressure is first employed, the result being 
oil of superfine quality {virgin oil). The residues are steeped in hot water and subjected 
to increased pressure. Repetition of this procedure, employing a still higher pressure, 
gives an industrial oil. The cake from the second pressing may, however, be agitated 
in a vat through which water flows ; part of the remaining oil is thus removed, this being 
collected in a second vat, where it undergoes protracted washing with water, yielding 
so-called washed oil. 

The Kuess-Funaro process (1902), which results in an improved yield and a readier 
extraction, consists in emulsifying each time with feebly alkaline aqueous solutions.^ 

The residual cakes (knovn in Italy as sanse), after being dried, still contain 7 to 11 
per cent, of oil, which is nowadays extracted in large works by means of carbon disulphide, 
which gives the very green, so-called sulphocarhon oil, almost all of this being used in the 
manufacture of green soap for the textile industries.^ 

Pure olive oil is yellowish or, in some cases, almost colourless or sjightly green. The 
finer qualities taste but little ; freshly pressed Puglia oil has a rather bitter and unpleasant 
taste (due to camphene, eugenol, and other substances investigated by Canzoneri), which 
it gradually loses. 

The composition of olive oil varies with the district of origin and with the conditions 
of extraction, the solid glycerides fluctuating from 10 to 28 per cent, (more especially 
palinitin). The liquid glycerides, which occur to the extent of 70 to 90 per cent., were 
formerly thought to consist of triolein alone, but the presence of linoleic acid (as much as 
6 per cent., this explaining the high iodine number of the oil) has now been proved, and 
there appears also to be about 1*5 per cent, of a mixed glyceride and 0*2 to 1*5 per cent, 
of volatile acids, besides 0-7 to 1*6 per cent, of non-saponifiable substances (phytosterol 
and, according to Sani, an oil not yet defined). It contains a variable quantity of free 
fatty acids, and when impure readily becomes rancid. If the acid number exceeds 16 
{i.e, 8*1 per cent, of acids calculated as oleic acid), it cannot be used as machine oil as it 
attacks metals. 

^ A new process of extracting olive oil proposed by Acapulco (1910-1911) and tested with favourable results 
in the experimental oil plant of the Portici Higher Agricultural School, is based on the different surface tensions 
of the two liquids (oil and water) which are present in the pulp of the olive and have to bo separated, and hence 
on their different capillary behaviour towards the vegetable tissues constituting the pulp The surface tension 
of the oil is about one-half of that of the water, so that separation of the two liquids is easily attained by even 
slight diminution of the pressure below that of the atmosphere. The separation is also facilitated by rise of 
temperature and by the fact that the water present has a capillary constant higher than that of the oil, so that 
it remains more strongly adherent to the vegetable tissues The essential part of the machinery of this process 
— after the stones have been separated from the pulp — consists of the so-called filtering extractors, formed of 
superposed metallic cylinders, inside which is a metal filteiing cloth, an annular space communicating with the 
vacuum pump being left between the walls and the cloth. A stirrer fitted with vanes continually moves the mass 
of pulp contained in the extractor and spreads it m thin layers on the filtering cloth so that the liquid portion 
IS separated from the pulp. By steam-heating the extraction can bo carried out at any temperature. But 
even in the cold the exhaustion of the pulp is more complete than that obtained by the older systems, while in 
the hot it surpasses that reached by pressing the “ sanse ” in the most powerful hydraulic presses. It is said 
that the Acapulco process is more economical than those previously used and that it lends itself to the production 
on a large scale of pure, slightly coloured oils of constant type. But, as yet, this process has not been subjected 
to decisive commercial tests. 

a To distinguish sulphocarlon oil, which has a lower iodine number (77 to 80), from that obtained by pressure, 
Halplien’s test (1905) may be employed. To 50 c.c. of the oil heated to 100® are added 12 c.c. of alcoholic caustic 
potash diluted with an equal volume of water, the mixture being heated for ten minutes at 110° and cooled to 
100“ ; 200 c c. of hot water are then added and the liquid, after cooling, shaken with 200 c.c. of saturated sodium 
sulphate solution ; 20 c.c. of 30 per cent, copper sulphate are then added, and the liquid filtered. If the filtrate 
is not green, a little more of the copper sulphate solution is added and the liquid filtered again if necessary, 

5 c.c. of silver nitrate solution (containing 1 vol. of 1 per cent, aqueous silver nitrate solution and 5 vols. of glacial 
acetic acid) are then added to the liquid, which is boiled, allowed to cool, supersaturated with ammonia and flit(^red, 
the filter being washed with dilute ammonia. If black silver sulphide remains on the filter, the presence of sulpho- 
carbon oil (or impure cruciferous oils—colza, mustard, &c. — which cannot be detected otherwise) is certain. Cusson 
(1909) has devised a simpler test : 200 grms. of the oil are vigorously shaken with 50 grms. of 90 per cent, alcohol 
and then distilled on a water-bath, the distillate being collected in a well-cooled flask containing a little alcoholic 
potash Even traces of carbon disulphide thus yield potassium xan^hate, which gives a yellow coloration or 
precipitate on addition of alcoholic cupric acetate solution. 
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Pure olive oil is used as a comestible and tbe very pure and more liquid qualities for 
oiling clocks, while the other qualities are employed in large quantities in the manufacture 
of soap, lubricants, burning oil, and Turkey-red oil. 

The purity of the oil is controlled by various tests referring to the constants given in 
the Table on p. 378, and by certain special tests. Olive oils of certain origins give abnormal 
constants, e.g, Algerian and Moroccan oils have an iodine number of 96 and are reddened 
by nitric acid ; pure Tunisian olive oil gives the reaction for sesame oil (Villavecchia and 
Pabris’ test) but not the Belliez reaction (test for sesame oil with a saturated solution of 
resorcinol in benzene and nitric acid) ; the extraneous substances of Tunisian oil wdiich 
give the Villavecchia and Fabris test can be removed by shaking the oil with hot water. 
Detection of added sesame oil is e:ffected by Tortelli and Puggeri’s modification of Bau- 
douin’s test on the fatty acids (see p. 384), or more rapidly on the oil itself by means of 
Villavecchia and Fabris’ test, taking care to dilute 5 c.c. of the resulting red acid liquid 
with four times its volume of distilled water and to shake the mixture in a cylinder, and 
observing the lapse of time required for the disappearance of the red coloration. With any 
pure olive oil, if there is a coloration, this disappears within 5 minutes or, in exceptional 
cases, in 8 minutes, whilst if sesame oil (even only 3 per cent.) is present the colour uill 
persist for 30 minutes (Zega and Todorovic, 1909). The presence of cottonseed oil is indi- 
cated by the Halphen reaction (see p. 381) or by Tortelli and Ruggeri’s modification of 
Becchi’s reaction, which is carried out on the liquid fatty acids in the following manner : 
20 c.c. of the suspected oil are hydrolysed with alcoholic potash in the ordinary way (see 
p. 379), the aqueous solution of the soap being neutralised with acetic acid and precipitated 
with lead acetate ; the lead salt, separated by filtration, is shaken with ether and the 
filtered ethereal solution decomposed in a separating funnel by dilute hydrochloric acid. 
The ethereal layer is filtered and the ether evaporated, and to 5 c.c. of the residue (liquid 
fatty acids) ^ are added 10 c.c. of 90 per cent, alcohol and 1 c.c. of 5 per cent, aqueous 
silver nitrate solution ; if a black precipitate is then formed on heating for some time on 
a water-bath at 60° to 70°, the presence of cotton-seed oil is proved. In certain special 
oases the Becclii reaction alone is insufficient to indicate with certainty the presence of 
cotton -seed oil. Traces of mineral oils in vegetable oils are detected by the formation 
of a yellowish red solution on addition of a benzene solution of commercial picric acid 
(F. Schulz, 1908 ; see Note, p. 379). To detect fisli oil in vegetable oil, 100 drops of the 
latter are treated with a mixture of 3 c.c. of chloroform and 3 c.c, of acetic acid, sufficient 
bromme being then added to produce a persistent brown coloration ; after ten minutes 
rest the vessel is introduced into boiling water, when the liquid will remain liquid if the 
vegetable oil is pure, whilst insoluble bromo -compounds will separate if fish oil is 
present. With boiled oil, the metals are first eliminated. Where the oil has been coloured 
yellow with auramine, this is detected by boiling 1 c.c. of the oil with 20 c.c. of 8 per cent, 
alcoholic potash and a little zinc powder in a reflux apparatus, 20 c.c. of pure benzene and 
50 c.c. of water being added after cooling ; the benzene solution is evaporated and the 
residue taken up in glacial acetic acid, a blue coloration, becoming darker on heating, being 
formed if auramine is present. Sanse oil or sulphocarbon oil, extracted from the cake or 
marc by means of carbon disulphide, has a dark green colour, and the corresponding fatty 
acids have a rather low iodine number (as low as 75) and a somewhat higher melting-point 
than usual. 

The presence of arachis oil in olive oil is shown by the Tortelli and Ruggeri test, which 
has been modified by Fachini and Dorta (1910) as follows : 20 grms. of the oil are saponified 
with alcoholic potash, the alcohol being then expelled, the soap dissolved in water, the fatty 
acids liberated by hot dilute sulphuric acid, and the clear fused acids collected on a moist 
filter ; they are then washed with hot water and dissolved in 150 c.c, of pure, tepid acetone, 
water being subsequently added, drop by drop, until a turbidity is formed ; the liquid is 
finally rendered clear by the addition of a few drops of acetone at 40° to 45° and then left 
to crystallise. In presence of arachis oil, characteristic shining crystals separate at 15° ; 
after an hour these are collected on a filter, washed with 10 c.c. of dilute acetone (32 vols. 
water + 68 vols, acetone) and examined for arachic and lignoceric acids by the Tortelli 

The liquid fatty adds can he separated, to a considerable extent if not quantitatively, from the solid onee 
by dissolving the mixtuies in light petroleum or, better, in acetone and crystallising ont almost all the solid fatty 
acids by cooling (to —20®) (Fachini and Dorta, 1910). According to Twitchell (D.S. Pat. 918,612, 1909) the liquid 
fatty acids are separated from the solid ones by fusion with 1 per cent, of aliphatic snlpho-acids, which render 
the liquid acids soluble even in water. 
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and Ruggeri test : one-half is dissolved in 100 c.c. of 70 per cent, alcohol, warmed slightly 
and allowed to cool, separation of crystals indicating arachi die acid (ni.pt. 75” to 7G”) with 
certainty. 

STATISTICS. — The cultivation of the olive is widespread in Italy, where it extends to 
over a million hectares. The production and price vary considerably from year to year, 
sometimes causing serious agricultural crises. The production of the oil varies from 2 to 
4 millions of hectolitres (250,000 to 350,000 being sulphocarbon oil). The mean annual 
production per hectare was 3*66 heetols. in 1879 (total, 3,400,000 hectols.) and 2*5 hectols. 
in 1899, the total being 2,515,000 heetols. The total production in Italy was 3,086,000 
hectols. (3-04 per hectare) in 1890 ; 2,337,000 (2-16) in 1901 ; 1,846,000 (1-7) in 1902 ; 

3.256.000 (2-99) in 1903 ; 3,413,300 in 1906 ; 2,559,000 (corresponding with 15,000,000 
quintals of olives) in 1909 ; 1,384,580 (9,366,000 quintals of olives) in 1910. 

The from Italy was 412,000 hectols. in 1898 ; 506,000 in 1899; 290,000 

in 1900 ; 424,350 in 1901-120,000-140,000 to France, 100,000 to Russia, 50,000 to North 
and 55,000-80,000 to South America, 60,000-80,000 to England, and 42,000-52,000 
to Austria-Hungary. In 1908 the exports were 368,000 quintals (91,800 to the United 
States and 127,000 to the Argentine) ; in 1909, 184,500 ; and in 1910, 285,150 (96,000 to the 
United States, 73,500 to the Argentine, and 40,000 to France). The price varies according 
to the harvest in the different districts and to the requirements abroad ; in some years 
the producers sell at £4 per hectolitre and in others at 485. to 565. In 1908-1909, owing 
to the small crop in Puglio, caused largely by the drought, prices exceeded £7 IO 5 . per 
quintal. In 1907 the products of the olive industry of Italy alone were valued at more than 
£8,000,000 (oil and residues) ; the number of presses was 52,000, these being distributed 
in 18,000 works, of which only 2400 employed steam. During the two or three months of 
the olive campaign, about 70,000 operatives are employed. Extraction of the oil by means 
of carbon disulphide is carried out in 60 works, consuming 780 h.p. (almost all steam- 
power) and employing 1230 workmen. The exportation of sulphocarbon and washed oil 
was about 60,000 quintals in 1900, 100,000 in 1904, 55,660 in 1909, and 131,400 in 1910. 
Italy imports olive oil every year, especially from Spain and Greece, the total amount being 

39.000 quintals in 1908, 52,330 in 1909, and 58,450 in 1910. Portugal produces 250,000 
to 350,000 hectols. per annum, and Spain (especially in Andalusia) about 2 or 3 
millions of hectols., of lower quality than the Italian. In 1905 the Spanish production 
was 1,492,490 quintals, and in 1906, 1,336,650; the amount exported being 340,000 
quintals in 1905, 190,000 in 1906, and about 150,000 in 1907. 

France, with about 150,000 hectares under olives, produces annually about 1,500,000 
hectols. of oil. Greece produces 550,000 hectols. (in 1907) ; Asiatic Turkey (with Crete), 
2,000,000 hectols., importing also 350,000-500,000 hectols., especially from Spain, Italy, 
Tunis, and Algeria, and exporting 200,000-250,000 hectols. of the finest quality. In 1906 
Tunis produced 243,000 hectols., and in 1907 almost 400,000. 

The world’s production is about 10,000,000 hectols. of the oil. Germany imports 
10,000-13,000 tons, seven -tenths of it for industrial purposes. Austria imports about 
6000 tons. England imported crude olive oil to the value of £300,000 and purified oil to 
the value of £386,190 in 1910. The imports into the United States were valued at £1,162,400 
in 1910 and at £1,149,800 in 1911. 

CASTOR OIL is extracted from the seeds of Micinus communis, a plant cultivated in 
India, Italy, Messina, California, Egypt, and Greece. The oval seeds arc 10 to 15 mm. 
long, about 6 mm. broad, and rather flat, and are covered with a brownish or marbled, 
shining, brittle sMn ; when peeled they contain 45 to 55 per cent, of oil. 

The oil was at one time extracted by pressing the ground seeds twice in the dry state 
and then pressing the residue after steeping in hot water. Nowadays, however, three 
consecutive pressings of the hot crushed seeds with increasing pressures are employed, 
modern hydraulic presses being used. This procedure yields first a fairly pure pale oil, 
then one less pure, and finally a more highly coloured oil for secondary industrial 
purposes. One hundred kilos of the seeds yield 9 kilos of husks, 43 of residual cake, 20 of 
oil of the first, 10 of the second, and 8 of the third pressing. The oil is purified by heating 
with an equal^ volume of boiling water, which precipitates many protein and gummy 
substances ; it is decolorised by means of bone-black or by the ordinary processes given for 
taUow. 

The refined oil is almost colourless or faintly yellow, and has a high specific gravity, 
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considerable viscosity, and a peculiar, unpleasant taste and smell. It forms an excellent 
purgative, the less pure qualities being used in the manufacture of sulflioricinate (see 
p. 327) and of transparent soaps capable of retaining considerable quantities of water. Its 
soap differs from others in not rendering water opalescent. The residual cake, whether 
extracted with carbon disulphide or not, is injurious and cannot be used as cattle-food, 
but it is ot value as manure, since it contains 4 to 5 per cent, of combined nitrogen and is 
sold at 8s, to 10<s. per quintal. 

Castor oil contains various glycerides but is free from tripalmitin. Triricinolein is solid, 
and there appear to be glycerides of a ricinoleic acid and of a ricinisoleio acid, also of a 
hydroxystearic acid (melting at 141° to 143°) and a dihydroxystearic acid (which explains 
the characteristic high acetyl number of castor oil). 

The oil yields, besides ricinoleic acid, more or less highly polymerised compounds with 
less and less marked acid characters (e.g. ricinisoleic acid), these increasing in amount 
with the age of the oil. 

Castor oil is strongly dextro-rotatory (40*7° in a 20 mm. tube). Unlike other oils, it is 
soluble in all proportions in absolute alcohol and in glacial acetic acid ; at 15° it disf^olves 
in 2 parts of 90 per cent, alcohol or 4 parts of 84 per cent, alcohol, but is insoluble in light 
petroleum or paraffin oil (both of which dissolve all other oils and fats). Hence, if a castor 
oil is insoluble in light petroleum and gives a clear solution with 5 vols. of 90 per cent, 
alcohol, it may be regarded as pure. The solubihty relations are completely inverted if 
it is heated to 300° and 10 to 12 per cent, of it distilled ; there then remains a product 
termed fioricin, which solidifies at -20°, is insoluble in alcohol, dissolves in all proportions 
in mineral oil, and forms a stable emulsion with 5 parts of water. A similar product is 
also obtained by heating castor oil to 200° in presence of 1 per cent, of formaldehyde ; if 
heated with zinc chloride solution, it becomes dense. The potassium salt of the condensed 
product, with water and formaldehyde, gives a disinfectant solution producing the same 
effects as lysoform or ozoform. 

The constants of castor oil are given in the Table on p. 378. 

Italy produces a certain quantity of castor oil seeds, but the greater part is imported, 
this amounting to about 55,000 quintals in 1892 and 80,000 (equal to about 27,000 quintals 
of oil) in 1904. In 1901 Italy exported 5420 quintals of castor oil; in 1908, 3454 ; in 
1909, 2292 ; and in 1910, 4766 quintals of the value of £18,110. In 1908 Germany imported 
62,400 quintals of castor oil, and in 1909, 85,000. 

LINSEED OIL is a drying oil, as it contains much linoleic and linolenic acids (see 
pp. 303 and 304), and when spread out in a thin layer on a sheet of glass slowly forms a 
solid skin (varnish), this forming more rapidly with the boiled oil. 

Linseed oil is extracted from the seeds (containing 85 per cent, of oil) of Linum usitatis- 
simum, which are converted into flour by the ordinary edge-runner mills and pressed 
hot in hydraulic presses. 

Linseed is cultivated especially in the Baltic provinces of Russia, and also in Southern 
Russia, Eastern India, the United States, and the Argentine, and to a less extent in Egypt, 
Belgium, and Italy. Linseed oil extracted by means of solvents contains more unsaturated 
fatty acids and less volatile acids than the expressed oil. 

According to Eahrion (1903 and 1910), the fatty acids separated from linseed oil contain 
17*5 per cent, of oleic acid, 30 per cent, of linolic acid, 38 per cent, of linolenic and iso- 
linolonic acids, 8 per cent, of palmitic and stearic acids, all combined with 4*2 per cent, 
of glycerine and 0*6 per cent, of non-saponifiable substances. 

The purity of the oil is indicated by means of the constants given in the Table on p. 378, 
especially by the iodine number and the refractive index, which, in the diflerent qualities, 
varies from 1*484 to 1*488 at 15° (or from 81 to 85 Zeiss at 26° or 87 to 91 Zeiss at 15°), 
whilst cotton-seed oil gives no more than 1*477 and maize oil no more than 1*4765 at 15°. 

A good proportion of the oil is used in practice in the form of boiled linseed oil (see 
Note on next page), since on boiling it acquires drying properties especially necessary to 
the varnishes prepared with the oil. 

The drying power can be determined by Livaehe’s method. On a watch-glass is spread 
1 grm. of lead-powder (obtained by immersing a strip of zinc in the solution of a lead 
salt and washing the precipitate wnth water, alcohol and ether, and drying), on which 
0*6 to 0*7 grm. of oil is allowed to fall slowly in drops, the whole being then weighed exactly 
and left at a moderate temperature in a well-lighted situation. After 18 hours the weight 
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begins to increase, the maximnni increase (12 to 15 per cent.) being obtained within 2 or 
at most 3 days (it then diminishes slightly). Other drying oils give the following increases : 
walnut oil, 7*9 per cent. ; fop'py-seed oil, 6*8 per cent. ; cottonseed oil, 5*9 per cent. ; cod- 
liver oil, 7*4 per cent. ; the remaining oils increase m weight only after the fourth or fifth 
day to a maximum of 2*9 per cent, after seven days. The drijtng properties are determined 
best and most rapidly by spreading a given weight of the boiled linseed oil on a definite 
area of glass (1 mgrm. per sq. cm.) and leaving the latter in a horizontal position until 
the oil is no longer adhesive when pressed lightly with the finger (the temperature should 
always be noted). The drying power of an oil can be determined also from the ozone 
number (Mohnari and Scansetti, 1910). 

In a 20 mm. tube, pure linseed oil gives a rotation of -0*3° in the Laurent saccharimeter 
at 15°, whilst other resin oils and sesame oil are dextro-rotatory, 

L’liseed oil is used mostly in the manufacture of lacs and varnishes,^ mastics and lino- 
leiun. The latter is obtained by oxidising (blowing) hot linseed oil, after addition of the 
dryer {see N'ote), for 18 to 20 hours with hot air until it thickens to linoxyn ; about 30 
per cent, of colophony are then added, the whole being converted into a paste with cork- 
dust at a temperature exceeding 100°. The mass swells and is compressed hot (140°) on 
a strong textile previously varnished to jirotect it from moisture, the whole being repeatedly 
pressed between hot rollers. It is finally diied in suitable hot chambers, where ft loses its 
smell and acq^uires elasticity and weight. It is coloured in the pasty condition with mineral 
colouring -matters . 

Linseed oil is used also for making soft, transparent soaps {see later). 

STATISTICS. Almost the whole of the linseed oil produced comes from India, Russia 
(about one-foui-th), North America, and the Ai*gentine. From 1895 to 1900 it amounted 
to about 1,500,000 tons, while in 1903 it exceeded 2,500,000 tons, the price varying from 
£10 to £12 per ton. North America produces about 200,000 tons of the oil ; the exports 
include very little oil but comprise 500,000 tons of cake out of a total of 700,000 produced. 
The imports of linseed oil to the United States were valued at £72,600 in 1911 and the 

Oil Varnishes and Lacs are liquids which, when spread out in a thin layer on an object, leave on drying 
a solid , shining shin insoluble in ether and water and almost impermeable. Varnishes and lacs have Imseed oil 
as a basis, and are often mixed with mineral oi organic colouring-matters. Oil varnishes are formed from linseed 
oil lendered drying by dissolving small quantities of certain minerals in the hot. Oil lacs are obtained by adding 
to the almost boiling oil vami-sh (free from gummy matter) the fused copal or other resm, and diluting with oii 
of turpentine at the moment of using : all these new components contribute to increase the fixation of oxygon. 
Ciude linseed oil requires four to five days to dry in a thin layer, but the fixing of oxygen, that is, the drying, 
may be markedly accelerated by the presence of small quantities of dissolved metals which act as catalysts. 

At one time oil varnish (boiled linseed oil) w*as prepared by heating the oil to 220° to 300° for 2 to 3 
horns in presence of minium, litharge, or manganese dioxide {diyeis) This piocediuc yielded dark varnishes 
(hotled raitmhes), and vas accompanied by danger fiom fire, the heating being earned out in open iron vessels 
furiiibhed vith stiners and heated directly over the fire. Nowadays the dryei (0 1 to 0 25 pci cent Mn or 0*5 
per cent. Pb -|- 0 1 per cent. JMn is sufficient) is dissolved by heating at a far lower temperature (100° to 120“ 
and best in a •vacuum) for 4 or 5 hours (by indiioct steam at 1.35“ to 150®), it being added (when tlio oil 
ceases fiothing) as manganese borate or, better, manganese linoleate or resmate, and the mass stirred with com- 
preissed air, in tins way, the so-called cold varmsim aie obtained. Those are paid varnishes which diy in 6 
to 8 hours, whilst the otheis lequire as long as 24 hours. It has been proposed to decolonse boiled linseed oil 
w’lth ultra-vjolct rays The drying is far more rapid in the hot than in the cold. Prolonged boiling of linseed 
oil without dryers increases not so much the drying properties as the consistency, certain components of the oil 
being polymerised and the iodine number consequently diminished ; these oils, thickened at 295“ to 340°, bear 
the names Diekal, Standal, and lithogrrcphers’ varmsK The action of oxygen during the drying of vaniifahes 
seems to lead to the decomposition of the glycerides of the saturated acids and of olcio acid with subsequent 
complete oxidation of the glycerine and acids, the glyceride of hydroxylinohc acid iliydroxylinolein), insoluble 
m ether, being also formed as well as anhydiides and polymerised substances. 

In the manufacture of lacs, a difficult and important operation is the fusion of the copal — previously prepared 
in lumps — m cylindrical or slightly conical, enamelled iron or aluminium vessels ; these are protected at the 
bottom by an iron oi copper casing when heated by direct-fire heat and arc provided with a cover and chimney 
to carry off the noxious vapours, which aie carefidly condensed or burnt. The temperature is closely watched 
by means of a thermometer immersed in the fused copal (300° to 360°) It is nowadays regarded as preferable 
to heat wuth hot w^ater undei pressure (up to 300°) circulating in coils situate in the lower part of the boiler. 
Complete, uniform fusion occupies 3 to 4 hours (with a loss in weight of 15 to 30 per cent ), the linseed oil 
containing the dryer and heated to about 100° being then mixed in ; if any turbidity appears, the mass is heated 
to 300“. It is then allowed to cool to 150° to 200°, the addition of the oil of turpentine — which dissolves the 
lac — and, if necessary, of the dryer, being then begun. The diluted lac is filtered under pressure and discharged 
into smaller vessels, in w'hich it is allowed to cool completely. The addition of calcium salts of colophony renders 
the lac hardei but more brittle. 

The copal is sometimes replaced by colophony and other resins, which are, however, readily saponifiAble ; a 
mixture of Japanese wood oil with resin and a little lime gives a good lac. Lacs are improved by prolonged 
storage (at least a year). Linseed oil for making lacs should be free from gummy matters, which may be removed 
by filtration through magnesium aluminium hydrosilicate {see p. 395). The softer lacs contain more than 50 per 
cent and the harder ones less than 50 per cent, of linseed oil. 

The United States imported 12,000 tons (£488,000) of copal (kauri and dammar) in 1910 and 11,000 tons 
(£410,000) in 1911. t n ^ , w yv 
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exports at £37,200 ; walnut oil to the value of £239,200 was also imported in 1911. Germany 
treated 142,000 tons of linseed in 1891, about 250,000 in 1900, and more than 331,000 in 
1903 ; consequently the importation of linseed oil, which amounted to 35,700 tons in 
1890, fell to 3350 tons in 1905 and to 2059 in 1909. The importation of oil-cake (mostly 
linseed) into Germany is, roughly, about 500,000 tons (exports, 180,000 tons). Trance 
imports about 150,000 tons of linseed (1905-1906). Holland imports more than 200,000 
tons of linseed and exports 82,000 ; it imports also about 200,000 tons of linseed cake and 
exports about 25,000 tons of oil. England imported about 310,000 tons of linseed in 1900 
and almost 506,000 tons in 1904 ; the imports of pure linseed oil amounted to 19,936 tons 
in 1909 and to 37,242 tons (£1,252,140) in 1910 ; 30,000 tons of the oil were exported in 
1905, while in 1911 the exports were valued at £837,712. In 1905 Italy imported 1800 
quintals of boiled linseed oil, and 3011 quintals (worth £9030) in 1910, besides 438,600 
quintals of linseed in 1908 and 367,660 (worth £544,000) in 1910 ; the import duty is the 
same as for other vegetable oils, namely, 20s. lOdJ. (26 lire) per quintal for the boiled oil 
and 19s. 2d. (24 lire) for the crude. Italy also imported 26,432 quintals of varnish free 
from spirit, worth £150,920, in 1910. 

PALM OIL is extracted from the fruit of certain varieties of palm (Blais guineensis 
and Blais melanococca, which grow in Western and Central Africa and in America, and 
Astrocaryum aouale and Astrocaryum vulgare, growing in Guiana). The orange-brown 
fruit, of the size of walnuts, hangs in bimches. The pulp constitutes, according to the 
variety, 25 to 75 per cent, of the, fruit, which contains a nut also yielding an oil 
(palm-nut or palm-lcernel oil). 

The extraction of the oil in the districts where the palm is grown is carried out in an 
irrational manner, the fruit being sometimes heaped up until it putrefies and the oil then 
pressed out. In other cases the fruit is stored and compressed in excavations in clay soil, 
being left to putrefy until the oil separates at the surface. In other places the fruit is 
fermented for a month and then heated with water, so that the pulp becomes detached 
from the stone and can then be heated and pressed again with water until the fused oil 
comes to the top and can be decanted ofi. In these ways more than one -half of the oil is 
lost, and machinery is now being introduced for detaching and disintegrating the pulp 
and for the rational pressing of the latter. 

When freshly expressed it has a buttery consistency, an intense orange-yellow colour 
and a faint smell of violets ; the colour and odour persist in the soap prepared from it. 
It can be decolorised by heating it when exposed to the air and light, but this is effected 
best and most rapidly by fusing and heating it until it loses the water remaining from 
any preliminary heating with water for the removal of impurities ; this separates from 
the fused mass in 24 hours. After this it is introduced into a metal vat or cylinder provided 
with a cover and tube for carrying the gases to the chimney ; the fat is heated to 100® by 
means of an indirect steam coil and a vigorous and finely divided stream of air passed 
through the oil from a perforated tube. In a couple of hours’ time decolorisation is com- 
plete ; at the same time the pleasant odour of the fat remains, although it is destroyed if 
the fat is decolorised by simple heating to 220®. 

Chemical decolorisation is often employed, the oil (1000 kilos), already purified by 
treatment with water and by fusion, being heated in a boiler to 50®, at which temperature 
30 to 50 kilos of commercial hydrochloric acid and 8 to 10 kilos of potassium dichromate 
dissolved in 18 to 20 litres of boUing water are stirred in. After 15 to 20 minutes, 1 to 2 
kilos of sulphuric acid are sometimes added, the stirring being continued until the oil 
becomes limpid ; stirring is then stopped and 70 to 80 kilos of boiling water sprayed on 
the oil to wash it. After standing overnight, the water is decanted off, the acid separated 
from below, and the oil washed once or twice by boiling with water. 

Even when fresh it contains 12 per cent, of free fatty acids, and as it becomes older 
it decomposes spontaneously with increasing ease, separation of fatty acids (up to 55 per 
cent.) and glycerine — ^which can be extracted with water — taking place. Besides free 
palmitic acid, the principal components are the glycerides of oleic and palmitic acids, up 
to 1 per cent, of stearic acid, a little linolic acid, and about 1 per cent, of heptadecylic acid, 
C17H34.O2. 

The colouring-matter of palm oil admits of various characteristic colour reactions : 
with sulphui*ic acid, a bluish green coloration is obtained, whilst mercurous nitrate colours 
it first canary -yellow, then pale green, and finally straw-yellow. 

n ^26 
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Palm oil is used in large quantities in the manufacture of soap and candles, its value 
being related to the melting-point of its fatty acids. It is calculated that the palm oil 
placed on the market (that is, exclusive of the large amounts consumed where produced) 
amounts to 70,000 to 80,000 tons per annum. Germany imports about 14,000 tons of 
palm oil and exports 14,000 to 18,000 tons of palm-nut oil and coco-nut oil. Marseilles 
imports 18,000 to 20,000 tons of palm oil and Austria-Hungary 3000 to 5000. England 
imported 176,264 tons of crude palm oil in 1909 and 199,438 tons (£3,056,600) in 1910, 
while the United States imported 42,000 tons in 1910 and 21,000 tons (£645,000) in 1911, 
in addition to 5000 tons of palm-kernel oil. The price varies with the year from 40^. to 52, s*. 
per quintal. The best qualities of palm oil are from Lagos ; then come those of Old 
Calabar, Benin, and Acora ,* while among the more impure varieties are those from Gabun, 
Liberia, and the Gameroons. 

PALM-NUT OIL (or Palm-kernel Oil) is obtained by crushing and then either pressing 
in hydraulic presses or extracting with solvents the stones contained in palm fruit ; freed 
from? shell, the seed forms 9 to 25 per cent, of the weight of the fruit and contains 43 to 55 
per cent, of fat, which is white or straw-coloured and free from fatty acids when fresh, 
although it turns rancid fairly easily in the air ,* it melts at 26° to 30°. 

It consists of about 15 to 25 per cent, of triolein, 33 per cent, of triglycerides of stearic, 
palmitic, and myristic acids, and about 45 to 55 per cent, of triglycerides of lauric (in 
preponderance), capric, caprylic, and caproic acids. 

It bears a great resemblance to coco-nut oil, even in the property of its soaps of taking 
up large proportions of water — as much as 600 per cent, (coco -nut soap up to 1200 per 
cent.) — and of being somewhat soluble in solutions of salt. The total quantity of palm 
nuts placed on the market is about 1,125,000 tons. Germany now imports about 200,000 
tons of palm nuts and copra {see Coco-nut), and 152,350 quintals of palm oil (in 1909 ) ; 
Austria, 30,000 tons ; France, about 7000 ; and England about 60,000 ; while Italy im- 
ported 81,920 quintals of palm oil of the value of £216,270 in 1910 (78,460 quintals in 
1908). 

COCO-NUT OIL (or Coco-nut Butter) is obtained from the coco-nuts yielded twice a 
year by the palms Cocos nucifera and Cocos hutyracea, which grow abundantly in Africa, 
Ceylon, Cochin China, and the Indies. 

The coco-nut is oval and about 20 to 25 cm. long and 12 to 16 cm. broad ; it is covered 
with a fibrous mass, used for making matting, cord, and baskets, and with a hard, woody 
shell, 8 to 12 mm. thick, which some time before maturation contains a sweetish, watery 
Kquid {coco-nut milk), this subsequently disappearing and giving place to a soft edible 
pulp. The latter hardens in the air and is sold under the name of copra (60 to 70 per cent, 
of oil) for the extraction of oil. At the place of production this is carried out in a very 
primitive manner, but in European factories the dry pulp is ground, steeped in boiling 
water and pressed, first cold and then hot. 

The oil is nowadays decolorised with bone-black or absorbent earths (magnesium hydro- 
silicates), and in the white form thus obtained is used as a comestible {coco-nut hittet ; 
see Margarine), after the free acids have been removed with highly concentrated solutions 
of caustic soda and after the odorous constituents have been expelled by means of super- 
heated steam. The best form for use as food is the softer, almost liquid butter obtained by 
the first pressing in the cold. Its digestibility is equal to that of margarine and butter. 
If it contains more than 2 per cent, of free fatty acids (expressed as oleic acid), it cannot 
be used for food and then goes to the soap factory as industrial coco-nut oil. 

Its composition is variable, and of the unsaturated acids it contains only oleic acid 
(about 10 per cent.), while glycerides of myristic and lauric acids are present in large quan- 
tities and those of caproic, caprylic, and capric acids to the extent of 2 to 3 per cent. 

The pure fat contains no free fatty acids, or at most traces. It has already been men- 
tioned that it gives a soap separable from solution only by very large quantities of salt ; 
it is, however, capable of absorbing as much as 10 to 12 times its own weight of water, 
and is hence highly valued by soap manufacturers. It is used alone for culinary purposes 
and for mixing with margarine and adulterating cacao butter. 

In its analysis, attention is paid to the physical and chemical constants given in the 
Table on p 378. 

A large area of the earth’s surface (about 1,400,000 hectares) is under coco-nui palms, 
which in a good year would yield 960,000 tons of coco-nut oil In 1905 about 300,000 tons 
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of copra were placed on the market, and in 1906 only 200,000 tons, the average price 
being £19 per ton. 

England imports, on an average, 34,000 tons of copra ; France, 100,000 tons, of the 
value of £1,400,000 (the exports are 10,700 tons) ; the figures for Germany are given above 
{see Palm-nut Oil). England imported 50,240 tons of crude coco-nut oil and 17,708 tons 
of the purified oil in 1909, and 53,968 tons of the crude and 50,021 tons (£1,136,736) of 
purified oil in 1910. The United States imported 25,000 tons of the crude oil in 1910 and 

43.000 tons (£785,000) in 1911. Italy imported 344 quintals of coco-nuts in 1910 and also 
20,225 quintals of coco-nut oil of the value of £66,340 (in 1908, 13,840 quintals). The 
Philippines exported 115,130 tons of copra in 1910, two-thirds of it to France. 

VEGETABLE TALLOW (Chinese Tallow) is obtained by pressing the fruit (separated 
more or less from the seeds) of Sullingia sebifera {tallow-tree), which grows in China, Indo- 
china, &c. Pressing of the seeds (3 per fruit) yields stilUngia oil, which is to some extent 
drying (iodine number more than 135). The tallow, however, serves well for making 
soap and has an iodine number of about 30, but this varies somewhat owing to variation 
of the amount of stillmgia oil present. The tallow melts at 35° to 44°, and is sold in 40- 
to 50-kilo cakes wrapped m straw. 

COTTON-SEED OIL is obtained by pressing the shelled, washed seeds of the cotton 
plant {Gossypium herhaceum and ha^'hadeuse, cultivated in North America, and G. religiosiim, 
hrsutum, and arhorenm, cultivated in Egypt, India, China, Siam, &c.). The crude oil is 
reddish brovni (sulphuric acid produces a red coloration) and is decolorised by stirring 
with 6 to 10 per cent, of a caustic soda solution of 10° to 15° Be. and passing through it a 
vigorous current of air, first in the cold (40 to 50 minutes) and then when heated to 50° 
to 55° by indirect steam. It is then allowed to deposit, and is afterwards washed with 

10 per cent, of salt water (at 10° Be.) to remove the last traces of soap, decanted off, and 
passed through filter-presses to obtain it clear and of a fine straw-yellow colour. The 
fatty acids separated from the glycerides of cotton-seed cil contain about 26 per cent, of 
oleic acid, 47 per cent, of linohe acid (the oil is hence partly drying), and about 24 per cent, 
of saturated fatty acids (palmitic and up to 3 per cent, of a hydroxy- acid), besides a small 
proportion of an aldehydic substance (to which Becchi’s reaction is due). It contains also 
1*5 per cent, of a non-saponifiable sulphur compound and apparently a chloro- compound. 

Tests for the detection of cotton-seed oil in other oils have already been described 
(p. 397), and the analysis of the oil is carried out with reference to the constants given 
on p. 378. 

About two-thirds of all the cotton-seed oil is used directly or indirectly (as adulterant) 
as food ; the remainder (second and third qualities) serves, with palm oil and coco -nut 
oil, for making white soaps, although in some cases it gives rise, after some time, to 
yellowish spots. 

The world’s production of cotton being about 3,300,000 tons, that of cotton-seed should 
be 6,600,000 tons, but in reality is only 5,000,000 tons (three-fifths in the United States), 
and the United States produce about 500,000 tons of cotton-seed oil (2,725,000 barrels ni 
1909 and 3,000,000 in 1910, one-fourth of this being exported) and 1,100,000 tons of cotton- 
seed cake. 

England produces about 70,000 tons of cotton-seed oil, imports 18,000 tons (1905) and 
cxpoi'ts about 18,000 tons. England imported 17,560 tons of cotton-seed oil in 1909 and 
15,950 tons (£562,672) m 1910, and also 690,000 tons (£4,866,000) of cotton-seed in the 
latter year. In 1 906, France imported more than 220,000 tons of the seed and 46,000 to 

50.000 tons of the oil. The United States exported 85,000 tons (£2,638,200) of cotton-seed 

011 in 1910 and 155,000 tons (£4,367,800) in 1911. Germany imported about 17,000 tons of 
the seed and about 55,000 tons of the oil in 1904. In 1906 Austria imported 20,500 tons of 
cotton-seed oil. Italy imported 31,328 quintals of the oil in 1907, 108,117 quintals in 
1908, 306,250 quintals in 1909, and 35,801 quintals — of the value of £117,430 — in 1910. 

MAIZE OIL (in America, Corn Oil) is now prepared in large quantities in America and 
Italy from maize germs, which are separated during grinding. These germs contain 40 to 
50 per cent, of oil, and after being pressed hot leave an excellent cake for cattle-food 
(10s. to 125. per quintal). The dense oil has a fine golden yellow colour and a faint odour 
of maize, and serves well for soap-making and for adulterating edible oils and linseed oil. 
That obtained by extracting the dried grains from spirit manufacture {see p. 153) is reddish 
brown, and is used for burning and as a lubricant when mixed with olive and mineral 
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oils, but IS not used alone as it tends to resinify. As a drying oil it has no great 

value. 

The fatty acids of the glycerides of maize oil are : steal ic and palmitic (4 to 25 per 
cent.), oleic (about 40 per cent.), linolic and liiiolenie (about 45 per cent., so that the oil 
IS partly a drying one), and small proportions of arachic, liypogeeic, caproic, caprylic, 
and capnc acids ; the oil contains also about 1*2 per cent, of lecithin and 1*4 per cent, of 
non-saponifiable substances, mostly cholesterol or, more precisely, sitostewl, identical with 
that obtained from wheat and rye. 

If in North America (Illinois) alone the oil were extracted from the germs of all the 
maize produced (about 6,000,000 tons— the world’s total production being over 7,500,000 
tons, 900,000 of this in Italy), more than 250,000 tons of the oil should be obtained. Biit 
only about 40,000 tons of maize oil are produced at the present time, about one-haif of it 
being exported. 

SESAME OIL (Gingelly Oil, Teel Oil) is obtained from the seeds of Sesamum indteum 
(brown, oval, flat seeds, 4 nun. long, 2 mm. broad, and 1 mm. thick) and of Sesamum 
orientale (violet-brown or black), the latter giving as much as 50 per cent, of oil when 
pressed once in the cold and twice hot. The first oil expressed serves as a food for 250 
millions of the inhabitants of India, where the area under sesame exceeds ten millions 
of acres (he. 40,000,000 hectares). The exportation of sesame seeds from India amounts 
to about 1,200,000 qiiintals annually, nearly all of this being directed to the Marseilles 
market, whence other countries are supplied. The Levant produces about one-tentli as 
much as India, and a little is produced in Africa, China, and Japan. In France the sesame 
oil industry is declining owing to the obstinate empiricism of the older manufacturers 
and to the almost prohibitive Customs duties of various countries, but more than 1000 
truckloads of the oil are still exported per annum. Germany imported in 1890 only 
140,000 quintals of the seeds, but in 1903 615,000 quintals, and in 1905 nearly 465,000. 
Austria-Hungary imports on an average 150,000 quintals yearly. Italy imported 174,722 
quintals of sesame and arachis seeds in 1908, 309,000 in 1909, and 386,000, worth £617,400, 
in 1910. 

Sesame cake (dark or pale), so largely used as cajbtle-food, has the composition : water, 

10 to 12 per cent. ; protein substances, 37 to 39 per cent. ; fat, 9 to 10*5 per cent . ; and 
ash, 9*5 per cent. 

S3sam6 oil has a golden -yellow colour, that from the Levant being the paler ; it consists 
of glycerides of stearic, palmitic, oleic, and hnolic acids, 78 per cent, of the fatty acids 
being liquid with an iodine number of 140. The physical and chemical constants arc given 
in the Table on p. 378, and the characteristic reactions for detecting it when mixed wi tli 
other oils on p. 397. It is dextro-rotatory ( + 0*8° to + 2*4°). 

The characteristic reactions, especially the colorimetric ones, are due to sjx'cial 
components, such as sesamin ; a Isevo -rotatory alcohol, sesamoid Co(}H440, yflMO, 
wliich gives Baudouin’s reaction (p. 384), and the methylene ether of liydroxyliydio- 
quinone, C7H6O3. 

Sesame oil is used in the manufacture of oleomargarine and soap and as burning oil. 

ARACHIS OIL (Earthnut Oil, Peanut Oil) is obtained from the seeds of Arachis hypo- 
gma, cultivated in Brazil, the Congo, and India, and to some extent in Spain, France, and 
Italy. The shelled seeds give 30 to 35 per cent, of oil. In 1908 Italy imported 4735 quintals 
of arachis oil, ind909 46,833 quintals, and in 1910 50,820 quintals, of the value of £182,960. 
The oil obtained by the first cold pressing is almost colourless, has a slight flavour of beans, 
and is largely used as a comestible and for adulterating olive oil, although it readily turns 
rancid. The second pressing in the cold gives burning oil, and the third, in the hot, oil for 
soap-making. The liquid components contain trioUin and trilinolm; the presence of 
hypogseic acid is uncertain ; the solid constituents are composed of triglycerides of ligno- 
eerio acid, and to a less extent of arachic acid (6 per cent, of the oil). In olive oil arachis 

011 is detected by Renard’s test, as modified by Tortelli and Rugger! and by Fachini and 
Borta (see p. 397). 

SOJA BEAN* OIL (Chinese Bean Oil) is extracted from the beans of JSoja Mspida (or 
f^oja japonica or Phaseolm hispidm), which are cultivated in China and Japan (Formosa). 
The crushed beans are heated in jute bags over jets of steam and then pressed. A large 
part of the oil is used for soap-making. After purification by standing, the oil has a sp. gr. 
0-9255 at 15^ ; acidity, 0 ; saponification number, 193-2 ; iodine number, 135 ; Heliner 
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number, 95*95 ; Reichert -Meissl number, 0*45 ; Maumene number, 86 to 87 ; index of 
refraction, 1*4750 at 20^^ ; solidification point, — 8° to — 16® ; melting-point of the fatty 
acids, 27® ; and solidification -point of the fatty acids, 22® (Oettinger and Buckta, 1911). 
The exportation of the oil from China amounts to 60,000 tons per annum. 

GRAPE-SEED OIL. The seeds of the grape contain 10 to 20 per cent, of oil {more 
in white and sweet grapes). They are separated from the skins by diying in the sun or in 
ovens and then beating. The sieved seeds are dried completely, ground, steeped in 10 
per cent, of water, heated, and pressed ; the cake is broken up, treated with 20 to 25 per 
cent, of water, and pressed again, this treatment being repeated so that all the oil nia3^ 
be extracted. The oil can also be extracted by means of solvents (benzine or carbon 
disulphide). When dark-coloured (extracted with solvents), it can be readily decolorised 
with animal-black. It has not a very pleasant odour and is rather bitter (if expressed m 
the hot). 

This oil consists of glycerides mainly of linolic acid, together with those of solid fattj" 
acids (10 per cent.), and a little erucic, linolenic, and ricinoleic acids. It has the sp. gr. 
0*9202 to 0*9350. 

It has slight drying properties and solidifies between -10® and -15®; its saponification 
number is 178 to 180 ; iodine number, 94 to 96*5 ; Wohny number, 0*46 ; Maumene 
number, 52 to 54 ; and butyro-refractometer reading, 60 at 40°. The acetyl number of the 
fatty acids varies from 43 to 144, according to the extent of oxidation ; it thus resembles 
castor oil to some extent, so that it is recommended for the manufacture of sulphoiicinate 
(see p. 327). 

The pure oil expressed in the cold is used as a food, and the other varieties for soap- 
making. But if purified with sulphuric acid it serves well as a lighting oil, not so much 
on account of its luminosity, which is rather low, but more especially because it gives a 
smokeless flame. 

After the removal of the fat, the cake contains 10 to 15 per cent, of water, 14 to 18 
per cent, of protein substances, 8 to 10 per cent, of fat, and 6*5 to 7 per cent, of ash, and is 
used as cattle-food. 

In Italy the extraction of grape-seed oil is capable of considerable development. A 
few factories have already been erected in Southern Italy and in the IsTorth ; some of 
the works treat a certain amount of the seed. Seeds obtained from distilled vinasse are 
somewhat diminished in value. 

TOMATO-SEED OIL. In Italy 393,000 tons of tomatoes were produced in 1909 and 
335,000 tons in 1910. In the province of Parma 84,000 tons are treated annually, and the 
residues (seeds, &c.)'now yield 600 tons of oil (drying oil of the cotton-seed type). The 
refuse from tomato -ketchup factories (about 5 per cent, of the weight of the tomatoes) 
contains about 70 per cent, of aqueous liquid, 6 to 8 per cent, of dry skins, and 22 to 24 
per cent, of dry seeds. 

One hundred kilos of tomatoes give 95 kilos of liquid juice, which is concentrated for 
preserve, and 1 per cent, of dry seeds containing 2 3 per cent, of oil, 18 per cent. (180 grms.) 
being extractable by pressure ; the remaining 820 grms. consists of cake (5*2 nitrogen, 
12 per cent, fat, 22*7 per cent, cellulose, 21 per cent, non-nitrogenous extractives, 6*5 
per cent, ash, 0-22 per cent, of dry skins, and 3 78 per cent, of aqueous hquid adhering to 
the moist residues). 

The oil expressed in the cold from sound seeds is straw-yellow, and with 20 per cent, 
of tallow gives a good washing soap. 

Analysis of the oil gives the following results (Fachini) : density at 15°, 0*9215 ; refrac- 
tive index, 1*4765 ; acid number, 0*46 ; saponification number, 191*6 ; iodine numbei’, 
114 ; iodine number of the fatty acids, 122*7 ; iodine number of the liquid fatty acids, 
142 2 ; Hehner number, 93*8 ; acetyl number, 20*4. 

TREATMENT OF FATS FOR THE MANUFACTURE OF 
SOAP AND CANDLES 

Candles are mostly made from soHd fatty acids (stearic and palmitic) obtained by 
decomposing fats and oils into glycerine and fatty acids and pressing from the latter the 
liquid fatty acids, which are used, either alone or together with the solid acids, for soap- 
making. Liquid oils and soft fats, which contain little stearic and palmitic acids, are 
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lienee used not for candles but only for soap, but the stiffer fats are often treated in one 
and the same works for making candles and soap. 

The resolution of fats into acids and glycerine is carried out in very varied ways ; by 
means of lime, sulphuric acid, superheated steam, or biological or catalytic methods.^ 

(1 ) Saponification with Lime and Separation of the Solid Fatty Acids. Theoretically 
100 kilos of fat (see p. 377) require 9*5 kilos of lime for hydrolysis, but when this process 
W'as first used industrially by Milly in 1834 as much as 15 per cent, of 
hnie was used, so that a very large amount of sulphuric acid was con- 
sumed in liberating the fatty acids from the calcium soaps foimcd, 
while fatty acids were carried down by the enormous quantities of 
calcium sulphate formed and hence lost. 

On this account the process w^as not used, but MiUy showed later 
(1855) that, by heating in an autoclave under pressure instead of m open 
pans, the amount of lime could be reduced to 2 to 3 per cent, that is, 
less than the theoretical quantity — and yet practically complete saponi- 
fication eJBfected (see p. 370). Indeed, after 1 hour 64 per cent, of the 
fat remained unsaponihed ; after 2 hours, 24 per cent. ; after 4 hours, 
15 per cent. ; after 6 hours, 9 per cent. ; after 9 hours, 2 per cent. ; 
and after 12 hours, 0*7 per cent. 

The saponification is now carried out in large vertical copper auto- 
claves (Fig. 268) (5 to 6 metres high, 1 to 1-2 metre in diameter, of 
sheet copper 15 to 20 mm. thick), into which are passed several quintals 
(up to 20) of the fused fat from the tank, A (Fig. 269), and then about 
one-third as much milk of lime, containing 2 to 3 per cent, of lime 
(calculated on the fat), from the vessel K The heating is continued for 
6 to 8 hours at a pressure of 8 to 10 atnios., steam free from air being 
passed in, first at low pressure from the generator, D, and then at 
Fig. 268. high pressure (10 to 12 atmos.) by the tube, e (Fig. 270), reaching to the 
bottom of the autoclave and termmating in a perforated coil. The steam 
alone keeps the mass mixed without the special stirrers formerly used, if the precaution 
is taken of allowing a little steam to escape continually from a tap at the top. At the 
end of the operation the steam is shut off, and when the temperature has fallen to 125° 
to 130° (about 3*5 atmos. pressure) the internal pressure is utilised to discharge first of all 
the aqueous glycerine from below by opening the valve, c, connected with a tube reaching 
to the bottom of the autoclave. In a similar manner the fused and subdivided calcium 



soap mixed with free fatty acids is forced into the tank, where a further quantity of 
aqueous glycerine separates, or the calcium soap is passed directly to the lead-lined vessels, 
i’, where it is decomposed by a sufficient quantity of sulphuric acid to neutralise all tiie 
lime added.^ After shaking, the gypsum is deposited and can be separated, and the fatty 

1 During recent years several factories have replaced lime by magnesia (calcined natural carbonate), which 
possesses various advantages : when it is used m the proportion of 1 5 to 2 pdr cent., a pressure of i to 5 atmo- 
spheres is sufficient to produce complete saponiflcaLion, since the magnesium soap fonned gradually emulsifies 
and almost dissolves in the remaining fat which is thus easily resolved by the water and magnesia. Then, too, 
decomposition of the magnesium soap with sulphuric acid, instead of giving an insoluble and useless salt (calcium 
sulphate, which always retains a little fat), gives magnesium sulphate, which is soluble m water, readily separable 
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acids, wliicli float, arc washed several, times with hot water and then, if the fatty acids 
are distilled — as is done in certain factories ivhere daik fats are treated — they are foiced 
by a pump, G, to the tank, U. The latter feeds a cast-iron or copper (this is considerably 
attacked) boiler, K, which is heated partly by almost direct -Are heat and partly by super- 
heated steam (at 180° to 230°) passed into the interior from the superheater, J. The steam 
carries the fatty acids, which distil, into the tinned copper condensing coil, L ; these acids 
finally collect in a white condition, together with condensed water, 
in Sy while the non-condensed gases are evolved from the tube, M 
{see later : Decomposition with Sulphuric Acid). 

Where the fatty acids are not distilled, they are solidified by 
passing them into a number of superposed tin-plate pans (Fig. 271) 
fed by the tubes, D, from the fused fatty-acid tank, F, When all the 
pans are full, the tubes, D, are closed with wooden plugs, Ey and in 
24 hours many of the pans contain solid cakes, consisting of a 
mixture of solid stearic and palmitic acids and liquid oleic acid. In 
order to separate the latter, the cakes are wrapped in woollen or 
camers-hair or goat’s-hair cloths and are then placed between metal 
plates and pressed,. first in the cold with a pressure gradually in- 
creasing to 200 to 260 atmos. A second pressing at 40°, either in 
the same press or in a horizontal press, results in the almost com- 
plete separation of the oleic acid, which, however, retains in solution 
a little palmitic and stearic acids. The latter acids are separated by 
cooling the oleic acid and, after some time, filtering or decanting oiff 
the oleine (p. 298), which is then put on the market or used for soap- 
making. 

The solid white cakes of stearic and palmitic acids, freed from 
Fig* 270. dark edges, bear the commercial name of stearine and melt at 

56° to 56*5°. These are often melted again, washed with warm water, 
poured into pans to solidify, and then pressed hot in hydraulic presses so as to remo\e 
the final portions of oleic acids ; this product, known as double steariney melts at 57*5° 
to 58°. 

The solidification of the crude acids, after liberation by sulphuric acid, is now effected 
more rapidly and more perfectly by pass- r 
ing the fused acids at g (Figs. 272 and 273) ^ 
into a casing into which dips a large, 
rotating, double-walled cylinder. Between 
the walls flows a non -congealing solution j 
like that from an ice machine (see vol. i, ^ 
p. 231), and the layer of fatty acid solidi- 
fying at the surface is detached by means 
of a scraper, li, and falls into a cooled 
box, Fy connected with the pump, P, and ^ 
functioning as a filter -press. This process 
of the firm of Petit Fieres has now been 
improved by replacing the cylinder by a 
Inglily cooled toothed wheel. In some 
cases, also, channelled cylinders are used, — 
whilst in others the liquid fatty acids are 
withdrawn from the cold pasty mass con- 
taining the mixture of liquid oleine and the stearine in small crystals, by immersing in the 
mass a rotating vertical cylinder formed of metallic gauze and covered with a well- 
stretched cloth ; inside the cylinder the pressure is reduced by means of a suction -pump, 
so that the liquid oleic acid is sucked in, while the stearic acid is gradually scraped from 
the surface of the cylinder and pressed in a hydraulic press. 

Messrs. Lanza Bros, of Turin, instead of separatmg the liquid from the solid fatty 
acids by means of hydraulic presses, suggest emulsifying and dissolving the liquid acids 
with solutions of sulpho -oleic acid, so that they separate at the surface, while crystals 

by simple decantation and in some cases utilisable. For similar reasons, zinc oxide is now used in some of the 
Italian factories. Bottaro (1908) has suggested the use of sulphurous anhydride to decompose the calcium soap 
from the autoclave. 
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of the solid fatty acids collect underneath (Ger.^ Pat. 191,238). The sulpho-oleic acid 
is prepared by shaking 100 parts of oleic acid with 50 parts of sulphiuic acid of 66° Be. 
in the cold and then diluting with 4000 parts of water. 

The decomposition of fats by lime in an autoclave at not too high a pressure has the 
advantage of giving the fatty acids in a sufficiently* clear condition to render distillation 
useless ; the resulting glycerine and stearine are also clear.^ 

(2) Decomposition with Sulphuric Acid (proposed by Achard in 1777 and then by 
Fr6my in 1836). This method is now used more especially for very dark fats, which 
should, however, be freed from impurities, dried by fusion at 120°, and decanted after 
long standing. The fused fat is introduced into a double -walled, lead-lined, copper or 

iron boiler fitted with a hood for 
jl carrying off the sulphur dioxide 

S which IS always evolved. Accord- 

ing to the nature of the fat, it is 
heated with 5 to 10 per cent, of 
concentrated sulphuric acid at 
120° for 1 to 1 1 hour, steam being 

g the mass kept mixed by a current 
of air passing through it. ^ The 

vats and heated with water^until 

- - ' cerine below (this is separated 

Pig. 272. Pig. 273. and freed from sulphuric acid by 

means of lime) and the acids 
above. The latter is subsequently boiled several times with water until the excess of 
sulphuric acid is removed, the sulphuric ethers of oleic acid being decomposed with 
formation of solid hydroxystearic acid. The residting fatty acids are dark in colour, 
since they retain in solution the impurities of the fat partially carbonised by the 
sulphuric acid ; to purify and whiten them, they are distilled with superheated steam, 
as described above {see also Pig. 269 ) ; the first and last portions which distil are the 
more coloured and these are redistilled. Hirzel (Ger. Pat. 172,224, 1906) has devised an 
arrangement for continuous distillation, aU that is required being a boiler of moderate 
size into which the crude fatty acids are run in a constant stream ; the pure acids distil 
over, while the tar remaining at the bottom of the boiler is discharged. 

Bedistillation of this tar gives a final residue of black stearine 'pitch, amounting to 
about 2 per cent, of the fatty acids distilled. In some works the fatty acids are distilled 
in a vacuum at a temperature not exceeding 240°, higher temperatures than this giving 
a coloured product ; the acrolein and hydrocarbons given ofi are condensed. 

The fatty acids obtained by distillation are separated into liquid and solid by pressure 
in hydraulic presses, liquid distilled oleine and white, solid distilled stearine being thus 
obtained. This oleine always contains a little acrolein and hydrocarbons, as the crude 
fatty acids which are distilled invariably include a small proportion of non-saponified 
neutral fat. On the other hand, distillation results in the formation of an increased 
amount of solid fatty acids (about 15 to 18 per cent.), since sulphuric acid converts oleic 


Pig. 272. 


^ During recent years, industrial application has been made of the Krebitz process (Ger. Pat. 156,108, 1902), 
which IS a simplification of the lime process with direct production of soda soap, and is attended by considerable 
saving in fuel, caustic soda, and plant. To the fused fat is added the necessary quantity of lime (10 to 12 per 
cent. CaO) mixed to a paste with three to four times its weight of water, the naass being well mixed, boiled for 
five minutes, covered, and allowed to stand overnight. By this means saponification is complete and a calcium 
soap IS obtained which can be readily ground up in a mill. When this is washed in a vat with a perforated bottom, 
the first portion of hot wash-water removes the major part of the glycerine as a solution of 10 to 2,0 per cent, 
concentration, while a second washing gives a more dilute glycerine solution which is used for the first washing 
of the calcium soap of a subsequent operation. When treated in the hot with sodium carbonate solutions, the 
calcium soap yields soda soap and calcium carbonate, which require skilled manipulation for their proper separa- 
tion. In. this case also, fusion and treatment with hot water is employed for the complete removal of impurities. 
This process is not applicable to the manufacture of soft soaps. 
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acid partly into the corresponding sulphuric ether, which yields solid hydroxystearic 
acid when boiled with water ; 

Cx,H33-C0,H + I4SO* = 

-I- H 3 O = H^SO* + C5i,H34<^^ 

During the distillation with superheated steam, the hydroxystearic acid is transformed 
almost entirely into iso-oleic acid {see p. 299). It must, however, be borne in mind that 
hydroxystearic acid is not very good for making candles, as it accumulates in a fused 
state in the cup formed by the burning candle round the wick ; further, when melted 
vith stearic acid it tends to separate in layers instead of giving a homogeneous mass. 

In order to obtain a greater proportion of solid fatty acids, some works combine these 
two systems of saponifying by means of lime and acid. The saponification is first carried 
out in autoclaves in the ordinary way, but not to completion, the acids and the remaining 
fat (4 to 5 per cent.) being then separated by means of sulphuric acid ; the fatty acids 
and fat are dried and completely saponified with 2 to 2*5 per cent, of concentrated sulphuric 
acid at a temperature of 110° to 120° maintained for an hour. The resulting fatty acids 
are not distilled but are simply washed with boiling water, being thus rendered rich in 
solid hydroxystearic acid ; this process also yields a much purer glycerine. 

L. Tournier (Er. Pat. 262,263) has suggested a method of increasing the amount of 
solid fatty acids by effecting the sulphonation with concentrated sulphuric acid in a carbon 
disulphide solution of the fat, the reaction then proceeding immediately without heating. ^ 

(3) Hydrolysis by Hot Water under Pressure (proposed by Tilghmann in 1854) 
is but little used owmg to the low yields obtained and the very high pressures required. 
The fat, emulsified with water, is circulated in coils arranged in a furnace so as to attain 
a temperature of 300° to 350°. 

Direct distillation of fats with superheated steam and collection of the glycerine and 
fatty acids in the distillate always gives low yields. 

(4) The Biological or Enzymic Process has been applied industrially since 1902, as a 
result of the work of W. Connstein, E. Hoyer, and H. Wartenberg, and is based on the 
observations of Green and of Sigmund (1891) according to which, when oily seeds are 
pounded with water, fatty acids are gradually hberated by the action of lipolytic enzymes 
{see p. 112). It is found that the most active enz 3 mies are those of castor oil seeds (in 
which they occur to the extent of 70 parts per 1000 of fat), especially after removal of 

^ Transformation of Oleic Acid into Solid Fatty Acids, For some years (about 1877-1885), olm acid 
was converted on an industrial scale m France and England (by the process of Olivier and Eadisson) into solid 
palmitic acid by utilising Varrentrapp’s reaction, according to which this change is almost quantitative on 
fusion with solid caustic potash (see pp. 290 and 299) : CiaHs 40 a + 2KOH — Hg + CHb-OOsK + CieHsiOaK. 
But the grcasmess and unpleasant odour of the candles obtained compared with those made from stearine, the 
necessity of distilling the lesultant dark acid, and the difficulty of elumnatmg all the acetic acid, led to the 
abandonment of this process. Also de Wilde and Hey chief s process for transforming oleine irdo stearine by heating 
in an autoclave at 260° to 280° with 1 per cent, of iodine or chlorine or bromine seems to have been given up in 
practice since 1890, the yield being less than 75 per cent, (the combined chlorine was eliminated by heating under 
8 to 10 atmos. in presence of zinc dust or iron, and then decomposing the metallic soap). 

The industrial transformation of oleic acid into solid elaidie acid by treatment with a little nitrons acid (see 
p. 299) does not give satisfactory practical results, first because elaidic acid is not a very good material for 
candle-making, and also because the reaction succeeds well only with fairly pure and fresh oleic acid and not with 
the commercial acid (partly polymerised). Max v. Schmidt treats 10 parts of oleic acid with 1 of zinc chloride 
at 180°, then decomposes the zmc soap by boilmg fiist with dilute HCl and afterwards with water and finally 
distils the fatty acids, which can be separated into liquid and solid by means of hydraulic presses. By this process 
Benedikt (1890) obtained 76*8 per cent, of stearolactone, CisHg^Oa (the internal anhydride of y -hydroxystearic 
acid), 15*7 per cent, of iso-oleic acid, and 8 5 per cent, of other saturated acids. 

K Haiti, jun, (Gcr. Bat. 148,062, 1903), in order to avoid the browning produced by the action of sulphuric 
acid on the impurities of the oleic acid, does not treat the oleine directly with concentrated sulphuric acid (as 
had long been the custom ; see Shukoff, Ger. Bat. 150,798, 1902), but flmt distils the oleic acid in steam and after- 
wards treats it with sulphuric acid of 58° to 60° B6. (e.g, at a temperature of 60° to 80° and using 1 mol. of 
sulphuric acid per 1 mol. of oleic acid) ; the resulting fatty acids are then washed and decolorised by heating 
in open pans with 1 to 10 per cent, of zinc dust at 100°, the zmc soap being finally decomposed by hot dilute 
hydrochloric acid. W. H. Burton (IJ.S. Bat. 772,129, 1904) uses a process similar to that of Fournier (see above), 
benzine or naphtha being employed as solvent and the sulphonic others being decomposed in solution by the 
direct action of steam. 

The general reaction of Sabatier and Senderens (see pp, 34 and 59) has also been applied practically (Ger. Bat. 
141,029, 1902), a current of hydrogen being parsed into the hot mixture of oleic acid and catalytic powdered 
nickel (reduced nickel) (see also B. Erdmann, Ger. Bat. 211,669, 1907) ; if the oleic acid is pure, it is transformed 
almost completely into stearic acid. A similar reduction, but with a lower yield, is obtained with the electric 
discharge (Ger. Bat. 167,107, 1904). A. Knorr© (Ger. Pat. 172,690, 1903) treats an emulsion of oleie acid and 
formaldehyde with zinc dust. 
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the oil. But better results are now obtained by using aqueous emulsions rich in enzymes 
{extract of radar oil seeds), but much xioorer in proteins {which are harmful) and con- 
taining 60 per cent, ot water, 37 per cent, ot castor oil, and 3 per cent, of proteins. W hen 
the seeds are used, a milky emulsion is obtained by crushing the seeds in presence of the 
necessary amount of water (50 to 60 per cent.) and is decanted oft roughly from the skins 
and treated with 0*06 per cent, of acetic acid (calculated on the weight of fat to be decom- 
posed subsequently). Of the seeds or the enriched extract, 50 to 80 kilos arc used per 
1000 kilos of fat (the maximum for fats with the higher saponification number ; although 
tallow requires the maximum amount and a temperature of 40“^). To accelerate the 
decomposition, 0-15 to 0-20 per cent, (on the weight of fat) of manganese sulphate (art/- 
valor) dissolved in a little hot water is added, and if the fat contains much protein or 
gummy matter, it is well to clarify it by heating with 1 per cent, of suljihuric acid diluted 
with a little water ; the last traces of this acid are then removed by repeated and thorough 
washing with water, as they would be deleterious to the reaction. With liquid fats, tJie 
decomposition is carried out at 23^^ and with sohd ones at 1° to 2° above the melting- 
point, provided however that this does not exceed 42^, since at 44° the enzymes no longer 
act m the desired direction ; if necessary, fats with high melting-points are mixed with 
liquid oils. 

The practical working of the process is as follows : A leaden coil for indirect steam 
and a tube for the injection of air reach almost to the bottom of a lead-lined iron boiler 
with a conical base ; discharge cocks are fitted to the boiler at the bottom and at various 
heights. The fat and about 35 per cent, of water are heated to the desired temperature 
(see above), being kept stirred by means of a current of air. The castor-seed extract, 
mixed with 0*2 per cent, of manganese sulphate and 0-06 per cent, of acetic acid (on the 
weight of fat ; the reaction starts and proceeds well if the mass is faintly acid at first) 
is then added, the whole being mixed for about 15 minutes so as to give a homogeneous 
emulsion. The vessel is then tightly covered so that the temperature may be maintained, 
the mass being mixed from time to time to keep it emulsified. After 24 to 36 hours, 
when more than 90 per cent, of the fat is decomposed, the mass is mixed and heated to 
80° to 85°, 0-2 to 0-3 per cent, (of the weight of fat) of concentrated sulphuric acid (66° Be.) 
diluted with one-half its weight of water being then added. The whitish emulsion soon 
becomes dark owing to the separation of the fused fatty acids and when this occurs the 
heating and stirring are suspended and the mass left overnight. The various taps arc 
then set in operation to separate the bottom layer of fairly concentrated glycerine, the 
intermediate emulsified layer (3 to 4 per cent, of the fatty acids, used for soap-making) 
and the clear fused fatty acids which are boiled with water to free them from suljihuric 
acid. Originally, when the seeds were used instead of the extract, the resulting glycerine 
was very dark, and it was necessary to decolorise it with bone-black (nowadays it is 
as good as that given by saponification with lime), while the intermediate emulsified layer 
formed as much as 22 per cent, of the total fatty acids (now only 2 to 4 per cent.). The 
aqueous glycerine (sweet water) of the enzymic process is first concentrated to 10° B6. in 
open pans, the sulphuric acid being separated by means of barium carbonate in the hot. 
The barium sulphate is removed by filter-pressing and the filtered liquid further con- 
centrated in a multiple- effect vacuum apparatus to 28° Be., a clear, brownish glycerine 
containing only 0*2 to 0*4 per cent, of ash being thus obtained. 

The biological process has spread rapidly during recent years, since the whole of the 
glycerine is readily recovered, while the fatty acids obtained are of far better quality than 
those prepared by decomposing the fat in autoclaves by means of lime, &o. The fatty 
acids from sulphocarbon olive oil retain, however, their characteristic green colour, and 
those from palm oil their orange colour. The fatty acids yielded by this process contain 
neither hydroxy-acids, as do those obtained under pressure, nor calcium soaps, and are 
hence more suitable for the manufacture of either candles or soap (see later, Soap). 

(5) TwitchelFs Catalytic Process. The decomposition is here analogous to that with 
sulphuric acid (which also, strictly speaking, is catalytic), hut with TwitcheWs reagent 
(benzenestearosulphonic acid) it takes place far more readily probably because this reagent 
dissolves in the fat more easily than does sulphuric acid. The fats are first purified by 
heating to 90° to 100° in a lead-lined covered vat (Pig. 274) with 1*5 to 2 per cent, of 
sulphuric acid at 60° Be., direct steam being passed in so that when the acid is discharged 
after standing overnight it has a specific gravity of 8° B6. (for cotton-seed or linseed oil, 
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15^ Be.)* The purified fat is passed into another wooden vat, provided with a wooden 
cover, one half of which is removable ; it is here mixed with 20 per cent, of distilled or 
condensed water (from the tank 0), the mixture being then boiled by direct steam and 
0-5 to 0*15 per cent, of the Twitchell reagent added (the minimum with pure fats and 
the maximum with highly impure third-grade fats). The current of steam is continued 
so that a homogeneous emulsion is rapidly obtained, and after being heated in this way 
for 24 hours about 90 per cent, of the fatty acids are liberated and the glycerine separated. 
No more steam is then passed through the mass, but a slow jet is kept flowing into the 
space between the surface of the liquid and the cover to prevent the fatty acids from 
turning brown during the subsequent operations owing to contact with the air. In about 
an hour’s time, the emulsion breaks up and the fatty acids float on the aqueous glycerine ; 
if the emulsion should not disappear, it is mixed gently for a few moments with 0-1 to 
0*2 per cent, of sulphuric acid of 60° Be. and then left. The sweet water usually has a 
specific gravity of 5° Be. (15 per cent,) and forms 50 per cent, of the weight of the fat, 
and if this is not the case, the quantity of distilled water added initially and the 
dryness of the steam employed are varied when further quantities of fat are treated. 
The sweet water is neutralised with lime and concentrated {see p. 185). For soap-making 
the fatty acids may be used 
as they are, but as a rule 
the saponification is com- 
pleted by adding 10 percent, 
of pure water and heating for 
12 to- 24 hours with direct 
steam, any small amount of 
emulsion formed at the 
surface of the liquid by 
the steam being destroyed 
by the addition of a little 
sulphuric acid. In this way, 274. 

97 to 98 per cent, of the 

theoretical amount of fatty acids is obtained. Barium carbonate (1 part per 10 parts of 
TwitchelFs reagent used, or more if sulphuric acid were added to destroy emulsion), 
mixed with a little water, is now added, and the whole heated for 15 to 20 minutes ; if 
the lower layer of water now has an acid reaction towards methyl orange, more barium car- 
bonate must be added. The current of steam, both in and above the liquid, is now stopped, 
since after this the fatty acids are no longer turned brown by the air. The sweet water 
drawn off after clarification is very dilute and is used in place of water in the treatment 
of further quantities of fat. After crystallising and pressing to separate the solid from 
the liquid acids {see above), the fatty acids are now ready for converting into soap and 
candles. In general they are less coloured as the amount of Twitcheh’s reagent used and 
the duration of its action are diminished. Good results are not obtained until after five 
or six operations, by which time the surface of the wooden vessels ceases to be attacked. 

Just as with the preceding process, the use of the Twitchell process has spread con- 
siderably in America and in Europe.^ The Twitchell reagent (which costs about Is, 2d. 
per kilo) and estimates for the plant may be obtained directly from Messrs. JosHn, 
Schmidt & Co., 3223 Spring Grove Avenue, Cincinnati, Ohio, or from their representatives 
in various countries. 

1 The plant for a factory nsiiig the biological or catalytic pioccss ib considerably less expensive than for one 
employing autoclaves, while there is also a decided economy in the working expenses, as is shown by the following 
appioximato figures, which show that these procesbcs are of value, at any rate in countiies where coal is dear. 
These data are from a large factory using the Twitchell process and treating about 70,000 kilos of fat per day— 
10,000 kilos at a time in each apparatus The prices given are those current in Italy, and the cost is calculated 
for 100 kilos of fat treated ; the figures in brackets give the corresponding cost for the autoclave method : coal 
at 40 lire (32s.) per ton, 0 20 lira (0-82 lira) ; sulphuric acid, 0-09 lira (0-37) ; baryta or lime, 0-06 lira (0 11) ; 
labom*, 0 03 lira (0-04) ; depreciation and repairs, 0 02 lira (0 26) ; Twitchell reagent, 0-80 lira. Hence the total 
cost of treating 100 kilos of fat will bo at most 1*20 lira (Hid.) with the Twitchell process and at least 1-60 lira 
(15 4d.) with the ordinaiy autoclave process. In the case of small plants, the cost of working increases some- 
what with the Twitchell process, but there is always an advantage owing to the less initial outlay required. 
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MANUFACTURE OF CANDLES ^ 

The prime materials for the mamjfaotnre of candles are the combustible fatty matter 
and the wick. 

A good candle should give a white light, should burn slowly, should not gutter ” 
or diffuse an unpleasant smell, should not be greasy to the touch, should be white and 
give a smokeless flame, and should not splutter, while the relation between the size of 
the wick and that of the candle must be properly chosen. 

The object of the wick is to feed the flame regularly with the melted material. It is 
usually made of fllaments (15 to 20) of pure cotton or linen without laiots. Animal fibres 
should be rejected, as they give an unpleasant smell and a fused carbonaceous mass which 
diminishes the luminosity. Wicks formed of filaments which are only twisted require 
frequent snuflSng, since they do not bend on themselves and do not burn completely, 
whilst, if they are plaited or woven and twisted, as Cambac>5res proposed, this incon- 
venience is overcome. For stearine candles obtained by fusion, the wick is of twisted 
cotton braid, while for more readily fusible materials (wax, tallow, &c.), more or less 
twisted wicks are used according as the candles are made by fusion or by compression. 
Nowadays wicks are made with suitable machines like those used for knitting, these 
effecting also the twisting of the filaments. 

Wicks which have not been pickled do not act well for candles, as they leave a 
carbonaceous residue which diminishes their capillary property. 

In 1830, Milly found that the combustion of the wick is facilitated by steeping it in 
a solution of boric or phosphoric acid, such treatment being, however, only of advantage 
with braided wicks. 

Many other substances have since been proposed for this purpose. Thus, in France 
the wicks are immersed for 3 hours in a solution of 1 kilo of boric acid in 50 litres of water, 
and are then pressed, centrifuged, and dried ; in some cases a trace of sulphuric acid is 
added to the bath. In Bussia, the wick is left in a solution of sulphuric acid (50 grins, 
per litre), squeezed, dried in hot air, steeped in a bath containing 4*5 grms. of boric acid 
and 18 grms. of ammonium sulphate per litre of water, and then dried. Another solution 
giving good results is composed of 60 grms. of borax + 30 grms. KOI + 30 grms. KNO 3 , 
+ 30 grms. NH 3 + 3-5 litres of water. The borax renders the flame white. 

In general these products either induce a more ready oxidation (chlorates, nitrates) 
or melt the ash of the wick, which thus gradually falls by its own weight. In some cases 
the penetration of the solution into the wick is hastened by the addition of a little 
alcohol. 

If the candle is too large in comparison with the wick, the excess of stearine melts and 
forms a kind of cup with tall sides full of the fused stearine, which cannot be completely 
absorbed by the wick and so makes the flame smaller ; then, when ‘the edges fall, the 
stearme overflows and produces guttering. If, on the other hand, the wick is too large, 
an insufficient quantity of wax is melted and no cup is formed to contain it, the candle 
guttering continually from the sides and the flame being less luminous. 

1 The ancient Eomans used fox illuminating purposes a kind of torch steeped m wax or bitumen. Only after 
the second century of the Christian era was a distinction drawn between wax candles and those of tallow ; the 
use of the latter was regarded as a luxury, while wax candles were employed in churches. The Catholic religion 
used them exclusively for religious functions, and thus caused a great increase in the consumption, which 
diminished only after the spread of the Eefonnation. Very soon, however, the consumption of wax candles again 
increased very considerably owing to their extended use at the courts of kings and princes. Meanwhile the 
employment of tallow candles for domestic purposes was continually spreading, and in the eighteenth century 
several important factories were working in England ; but the candles produced were high in price and burned 
very quickly. Only after Chevreul’s work on the nature of fats m the early part of last century (after 1816) led 
to improvements m the saponification and to the preparation of solid fatty acids was the rational manufacture 
of caudles initiated. Chevreul himself, together with Gay-Lussac, patented in 1825 a process for preparing 
candles from stearic acid ; but the resulting industrial undertakings were soon abandoned, owing to the diffi- 
culties encountered in the saponification and m the preparation of the wick. It was only when Cambaceres, in 
1830, devised plaited and twisted wicks, and when MiUy, in 1834, introduced saponification with lime and the 
subsequent decomposition of the calcium soap with sulphuric acid, that the manufacture was placed on a stable 
and remunerative basis. Hilly’s first factory for stearine candles was erected in Austria in 1837, and in 1840 
one was started in Berlin and another in Paris. Important improvements were made in 1842 by saponifying 
the fats with sulphuric acid, and in 1854 by saponifying the fats and distilling the fatty acids with superheated 
water or steam (processes of Tilghmann, Berthelot, and Melsen). Almost immediately after this, however, the 
manufacture of paraj6Q.n candles was started, parafitin having been obtained in large quantities by Young (1860) 
by the dry distillation of bituminous coal (boghead, <fec.), peat, shale, lignite, <&:c. ; this industry underwent 
further extension after paraflin had been extracted from petroleum and ozokerite (see p. 80). 
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In 1904 a patent was filed for the manufacture of artificial silk candle-wicks, which 
seem to give good results. 

Formation of the Candles. The white blocks of stearic and palmitic acids from the 
presses are scraped at the surface and edges to remove adherent impurities. The purer 
residue is melted and shaken in a leaden vessel with sulphuric acid (3° Be.) to dissolve 
and separate the impurities (iron, hairs from the press bags, &c.) ; the sulphuric acid is 
then decanted off and the stearine washed repeatedly with boiling water to remove all 
trace of the mineral acid. In some cases the fused fatty acids are shaken with a little 
albumin, being then allowed to stand so that the coagulated albumin and the impurities 
may settle. In cooling, the stearine tends to crystallise, the resultant 
candles being then less homogenous and more brittle, At first arsenious 
acid was used to prevent crystallisation, but, now that this is prohibited, 
the stearine is kept continually shaken until it almost solidifies when it is 
introduced into the moulds, and the candles then rapidly solidified. It is 
often more convenient to add a little white wax or paraffin (2 to 10 per 
cent.), which also prevents crystallisation of the stearine. 

The quality and purity of the stearine are ascertained by the usual tests, 
the neutral fat being determined by Geitel’s test (see p. 379), the parafSn, 
cerasin, cholesterol, and carnauba wax by the saponification number and 
by the non -saponifiable matter (see p. 379), and the amount of oleic acid 
by the melting-point (which is 56° to 56 *5° for pure stearine once 

and 57*5° to 58° for doully pressed stearine) and the solidification point, 
making use of de Schepper and GeitePs Tabled obtained by mixing saponi- 
fication stearine, solidifying at 48°, with oleine having a solidifying point 
of 5*4°. 

Candles are made in three different ways : (l)ly immersion ; (2) hy 275. 

fusion ; and (3) by pressure. 

The first of these methods is the oldest and is now almost entirely abandoned. It 
was employed originally for tallow candles, and is now sometimes used to mask the presence 
of inferior fat or stearine, the wicks suspended from frames being first immersed in the 
impure fused fat, while the outer layers are obtained by dipping into a purer fat or fatty 
acid. 

In China considerable use is still made of tallow candles of peculiar shape with a hole 
in the middle. 

Certain long tapers are obtained by pressure, the semi-fused wax or stearine and the 
wick being forced through a tube. 

But almost all candles are now made by fusion in highly perfected machines, which 
admit of a maximum output being rapidly obtained with a minimum of labour. The 
moulds, which are very smooth inside, have the shape of the candles — with the pointed 
end below and the enlarged base at the top (Fig. 275)— and are imperceptibly conical ; 
they arc made of an alloy composed of 3 parts of tin and 1 part of lead. For the fusion of 
a large number of candles at a time (100 or more) a machine is used similar to that shown 
in Fig. 276. The moulds of all the candles pass through the closed metallic box, E D, 
to the bottom and cover of which they are screwed. Tepid or cold water can be passed 


^ De Schepper and GeiteVs Table of the solidifying points of mixtures of fatty acids : 
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at will tlirough the bos at I or so as to surround the moulds, llie lower part ot each 
mould contains a kind of small piston which has exactly the shape of the point of the 
candle and can be made to traverFe the whole length of the mould, being joined to an 

iron tube, fixed to a 
frame capable of being 
raised and lowered by the 
rack and pinion, 0. AJl 
the pistons can be raided at 
once so as to force all the 
solidified candles from the 
moulds. In order that the 
wick may be always in 
the middle of the candle, 
it IS wound on bobbins, A, 
and passes through the iron 
tube which raises the piston 
to the upper part of the 
mould. The semi-fused, 
opalescent stearino, which is 
poured into the moulds 
kept by means of warm 
water (45° to 60°) at a 
temperature slightly above 
the melting-point, is then 
cooled by passing cold 
water round the moulds. 
When solidification is com- 
plete, the enlarged bases 
at the top of the candles 
Tig. 276. Ky ^ knife and 

the candles forced out and 

grasped by the rods, L. In rising, the candles unwind from the bobbins new wicks which 
are thus brought into the middle of the moulds ready for the next operation. When the 
second batch of candles is solidified in the moulds, the wicks of the first batch arc cut 
so as to make way for the others to be removed from the moulds. When shorter candles 
are required, the pistons 
are raised in the moulds 
to the desired height 
and the stearine then 
run in. The candles thus 
obtained are bleached 
by arranging them ver- 
tically on trucks in 
metal gauze frames and 
leaving them for some 
days in the open air 
exposed to the action 
of the air, sunlight, 
and dew. 

After this, the 
candles are washed, Tio, 277. 

polished, and sawn off 

to a uniform length in a machine of the Binet type (Fig. 277). The candles are first 
dipped in a bath, F, containing soapy water or a dilute solution of soda, and are then 
placed in the grooves of the wheel, M, the head being against the loft-haiid edge, while the 
bases are cut off by a small circular saw, n ; the fragments drop on to the frame, iT, and 
so into the box beneath. The candles fall into the grooves of the travelling endless plane, 
are rubbed and polished by a brush, B, moved excentrically from V' ; when 
they reach M' they fall into the trough, K The finished candles are stamped auto- 
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matically with the trade mark and are then tied and wrapped tip in packets of 12 or 24 
(or -i' or 1 kilo) and placed in w’^ooden boxes for transport. 

Some factories make lighter, perforated candles and some coloured candles or mixed 
candles containing wax or paraffin. To remove the semitransparency of paraffin candles 
and so make them resemble those of stearine, about 5 per cent, of stearine and 5 per cent, 
of paraffin oil are added. The same effect may be obtained with a small quantity of 
/1-naphthol (Ger. Pat. 165,503) or any other substance wffiich dissolves the paraffin in the 
hot and deposits it in the cold in a finely divided state (e.g. solid fatty acids, amides, 
phenols, ketones, &c.). 

STATISTICS. The value of the stearine candles exported from England was £346,400 
in 1892, £400,000 in 1900, £495,860 in 1909, and £485,220 in 1910, the output in 1907 
being 10,000 tons, of the value of £1,640,000. Prance exported 25,120 quintals of stearine 
candles, %vorth £196,000, in 1890, and 43,300 quintals, of the value of £180,000, in 1900. In 
1909 Germany imported 2200 quintals of candles and exported 7880. The United States 
exported 1500 tons (£58,200) in 1910 and 1450 tons (£55,600) in 1911. 

In 1903 there were about 250 factories in Italy for candle-making only, the total 
horse-power of the engines being 185 and the number of operatives 1430 ,* there were, 
in addition, 188 factories for both candles and soap, employing 2700 -workpeople and 
using 830 h.p. In 1876 there were but 10 factories with 550 operatives. 

In 1875-1879 Italy imported on an average 6350 quintals of candles per annum and 
exported 650 quintals, whilst in 1900-1904 the imports averaged 551 and the exports 
1420 quintals annually. In 1905 the imports were 869 quintals, w'orth £4172, and the 
exports 614 quintals, of the value of £2948 ; in 1910 the exports fell to 582 (£2920) and 
the imports to 380 qtaintals (£1900). 

MANUFACTURE OF SOAPi 

Theoretically soaps include all metallic salts of the higher fatty acids, 
but practically the name is given only to salts of oleic, stearic, and palmitic 
acids, and, in general, of the fatty acids contained in natural oils and fats. 
Importance attaches mainly to the sodium soaps and, to a less extent, to those 
of potassium and ammonium. It was at one time thought that soaps were 
composed largely of margaric acid, but it has been shown that this acid does 
not occur in natural fats, the confusion arising from the fact that a mixture 
of palmitic and stearic acids was obtained with a melting-point identical 
with that of synthetic margaric acid {see p. 290). 

Almost in its entirety soap is used for washing and for cleansing and 
removing grease from textile fibres, sweaty garments, and the greasy, dirty 

1 History of Soap. Soap was not known to the ancient Hebrews and Hicenicians oi to the Gieeks of the time 
ot tloiner, who washed their garments with the ashes of plants and water, and by mechanical rubbing. Some 
laces used the juices of certain plants, and later it was discovered that when ashes were heated with lime they 
gave rise to natron, which was much more effective than the ashes themselves. Yet the writers of the Bible, 
who arc certainly not conscientious and exact historians, several times mention soap and quote the following 
supposed phrase of the prophet Jeremiah (who would have lived several centuries before the Cliristian era) : 

“ Though thou wash thee with nitre [natron] and take thee much soap, yet thme iniquity is marked before me.” 
Seneca and I*liiiy mention soap m their WTitings and attribute its discovery to the Gauls, who prepared it from 
the ashes of pluiHs and goats’ fat and used it as a hair-wash and for medicinal purposes (lead plaster). It is said 
that Galen (second century of the Christian era) proposed the use of soap foi washing. In the excavations of 
Pompeii has been found a complete soap factory with utensils and saponified material. Marseilles did a large 
trade in soap as early as the ninth century, but in the eleventh century it had a serious rival for the premier position 
in Savona. In the fifteenth century the industry flourished at Venice, and in the seventeenth at Genoa, which, 
together with Savona, Marseilles, and Alicante, enjoyed a monopoly in soap-makmg. In England the industry 
began to develop after 1650, and in Germany it assumed considerable importance after Chevreul’s investigations on 
fats (1810-1823). With the development of the soda industry and increase of the trade m palm oil and coco-nut 
oil, the conditions in Germany and, to some extent, m other countries favoured extension of soap-making. At 
the present time Marseilles, although partly surpassed by the large English factories, still preserves its early 
fame, which, however, ,the Italian factories have lost. But several times in the past the renown of Marseilles 
has been dimmed owing to the custom, even in the early days, of adulterating soap and of loading certain qualities 
of white soap with enoSnous quantities of water. This explains why, for several generations, the public preferred 
mottled soaps, which could not then be adulterated. It explains also the various laws promulgated in Erance 
against dishonest soap-makers, who in 1790 provoked a general protest of all the population and a petition to 
the deputies of the States General from all the laundresses of Marseilles to protest “ agmnst the adulteration of 
white soap and against the malefactors who adulterate U to increase its weight.** It does not appear that things have 
changed greatly after the lapse of 120 years, for, since the introduction of palm oil and coco-nut oil in 1850, the 
consumer has always paid for a considerable amount of water in place of soap. 
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epidermis of the human body, but it is sometimes employed as a subsidiary 
dressing in certain industrial operations, e.g. in the %eing of silk and 
cotton, &c. 

The theory of the saponification of fats has already been discussed on p. 377, and we 
shall here consider the cleansing action of soaps. It is well known that the quantity of 
fat or grease that a soap is able to remove from a dirty garment is greater by far than 
corresponds with the amount of alkali liberated on dissolving the soap in water. 

Being formed from weak acids, soap in dilute aqueous solution is undoubtedly partly 
dissociated into caustic alkali and either acid soaps in the cold or fatty acids in the hot. 
This can readily be shown by the opalescence of the dilute aqueous solutions and by the 
violet colour imparted to phenolphthalein by a perfectly neutral {i,e. not yet dissociated) 
alcoholic solution or highly concentrated aqueous solution of soap, after pouiing into a 
large quantity of water. If, then, part of the grease can be rendered soluble by the 
saponifying action of the alkali gradually liberated from the soap, another part is certainly 
carried away mechanically by the emulsifying action of the soap itself and of its fatty 
acids ; this action is accompanied by the abundant production of lather, which, together 
with the water, incorporates and removes all the grease with which it comes into contact. 
It IS for this purpose — the formation of lather and emulsification of the grease — that 
rubbing is necessary in the washing of a garment with soapy water. A mere solution of 
caustic soda, even in excess, does not produce a detergent effect equal to that of soap. 

As regards the molecular condition of soap in its concentrated, non -dissociated solutions, 
it appears demonstrated that it there exists in a colloidal condition, since an increase 
in the concentration is not accompanied by rise in the boiling-point, which approximates 
to that of water, while the electrical conductivity is minimal. But, according to McBain 
and Taylor (1910), in highly concentrated solutions soap is apparently not a colloid, as 
it conducts the electric current. 

The solubility in water of almost all soaps is diminished rapidly to the 
point of complete separation by the addition of soluble salts which do not 
decompose the soap, e.g. NaOl, KOI, NagSO^, NH4CI, NagCO^, and even 
NaOH, &c., this action being due to a change in the density of the solution 
and in its degree of dissociation. This phenomenon is the basis of the salting- 
out or graining of soap during its manufacture, but it must be noted that if 
the fats or fatty acids used in the making of the soap contain hydroxy -acids, 
these are almost entirely lost, as they are not separated as insoluble soaps 
by salting out, and mostly pass into the spent ley. Hence account is now 
taken of the proportion of fatty hydroxy-acids (less soluble in benzine than 
ordinary fats or fatty acids) pi'esent in fatty materials. 

Sodium soaps are more stable than those of potassium or ammonium, 
since sodium salts partly displace potassium or ammonium from their soaps 
with formation of sodium soaps. 

Alkali soaps are precipitated by the soluble salts of the alkaline earths 
and heavy metals in the form of insoluble metallic soaps. Strong acids 
separate the weaker fatty acids from soaps. 

The alkaline soaps are usually soluble in alcohol and insoluble in ether, 
benzine, or benzene. Evaporation of the alcoholic solution yields a trans- 
parent soap. 

Saponification of fats is accompanied by increase in weight, each molecule 
of glyceride that decomposes fixing 3 molecules of alkali or water. A fat 
containing a mixture of glycerides with a mean molecular weight of 880, in 
reacting with 120 of NaOH (3 mols. or about 13*6 NaOH per 100 of fat), gives 
92 of glycerine and 908 of water-free soap. So that theoretically 100 kilos 
of fat can produce about 10*5 kilos of glycerine and 102 of soap ; in practice 
about 1*5 to 2 kilos of glycerine are lost, while 140 to 160 kilos of soap, 
containing a considerable amount of water, are obtained. Potash soaps 
are softer than those of soda, and soaps of liquid fatty acids softer than 
those of solid fatty acids. 
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Soap may be made either from the fatty acids obtained from fats by the methods 
described above, or from the fats themselves. In the former case the saponification 
IS carried out mainly by sodium carbonate, and is completed (since with the carbonate 
it proceeds only to the extent of about 90 per cent.) by caustic soda. But in the latter 
case concentrated solutions of caustic soda in the hot are employed ; the carbonate is, 
indeed, unable to resolve glycerides, and that amount of it which always occurs in the 
caustic alkali is lost during the subsequent operations of salting-out, &c. 

Mention has already been made (see p. 379) of the process of decomposing fats in an 
autoclave by means of ammonia and sodium chloride, which was studied by Leuchs (1859), 
Witelw (1876), Buisine (1883), and Polony (1882), and improved by Garelli, Barbe, and 
de Paoli (Ger. Pat. 209,537, 1906). This process leads directly to the sodium soap with 
formation of ammonium chloride, from which the ammonia may be recovered in the 
usual way, and, according to the above patent, gradual decomposition of the ammonia 
by means of steam results in a considerable separation of the solid fatty acids from the 
liquid ones, the ammonia soaps of the former being the first to decompose. Such separa- 
tion can be effected also by cold water, which dissolves the ammonia soaps of the liquid 
fatty acids (oleates) almost exclusively. 

In the manufacture of soaps from fats or oils, various stages are to be distinguished : 
(1) mixing or pasting of the fat with the alkaline lye ; (2) mixing in the hot to form the 
soap and separate it partially from the excess of water ; (3) salting -oui (or “ graining ” 
or “ cutting the pan ’') to render the soap insoluble and separate it from the lye, which 
thus collects under the layer of soap ,* (4) toiling to saponify the last traces of fat, lo 
eliminate the scum and the excess of water still remaining in the soap and to collect the 
latter into a perfectly homogeneous, curdy mass ; (5) the soap is often subjected to a 
finishing process, that is, a final treatment with dilute alkali hydroxide or carbonate 
solution, in order to separate the more thoroughly the residual impurities (aluminium or 
iron soaps) and so avoid a partial mottling, and to give to the soap, first, the quantity 
of water necessary to the particular type, and, secondly, a still more homogeneous appear- 
ance.^ 

A well-finished soap contains 35 to 40 per cent- of '^ater and only 0*20 to 0*36 per 
cent, of salt and free alkali together. When excess of free caustic soda remains in the 
soap, considerable efflorescence, due to formation of sodium carbonate by the carbon 
dioxide in the air, occurs at the surface during the subsequent drying. In order to avoid 
such a serious inconvenience, it is necessary to treat repeatedly with sodium carbonate 
solutions, because, even if a little of the latter is left in the soap, only a slight powder 
forms at the surface on drying and this can be readily eliminated. In some eases, a small 
proportion of a non-saponifiable fat (e.g, wool fat) or even of a dense mineral oil is added 
to the soap, the caustic soda being thereby preserved from direct contact with the air. 

At one time the coppers used for soap-making were largely made of masonry, but 
nowadays they are almost universally of iron and are heated either by fire or by direct 
or indirect steam, as is shown in Figs. 278, 278a, 279, 279a. Small coppers hold 10 to 
50 hcctols. and large ones 100 to 400. 

For every 100 kilos of fat to be saponified, a copper-volume of 500 litres is taken. 

In most soap-works the mixing is done by wooden blades W'orked by hand, although 
cuppers are made fitted with stirrers of various forms. 

The saponification of 100 kilos of fat or oil requires theoretically about 136 kilos of 
NaOH, but practically rather more than this amount is used. Tallow soap is made in the 

^ Finishing is best effected when the soap contains a certain proportion of water, namely, 10 niols. of water 
(40*0 per cent.) per 1 mol. of sodium oleate, or 16 mols (48*5 per cent.) per mol. of sodium stearate. If the soap 
IS more concentrated than this, it remains too viscous and opposes too great a resistance to the precipitation of 
the impurities and of the drops of saline and caustic solutions ; but if, in the finishing, the necessary quantity 
of water is restored (by adjusting the concentration of the lye), a small part of the soap dissolves, the mass becomes 
more liquid and, on standing, the impurities arc able to fall to the bottom the more readily. Soaps which are 
too insoluble in the salt solution or caustic lye (colza, sesame, linseed, poppy-seed, &c.) can be finished only when 
mixed with readily soluble soaps (coco-nut, castor, <fcc.). On the other hand, it is necessary to prevent the soap 
taking up too much water, for, if this happens, it pastes together and adheres to the sides of the boiler, does not 
transmit heat readily to tlic interior and hence boils with difficulty, is not easily fimshed and becomes unevp. 
Agitation of the mass and the consequent inclusion of a considerable amount of air are to be avoided, the finishing 
being thereby retarded. When the finishing is complete and the mass has been allowed to stand, a slight frothy 
layer is observed at the surface and then comes the thick layer of pure, homogeneous soap, well separated from 
the lye ; but above this is a small, iriegulai, and gelatinous layer composed of moie soluble soaps (of hydioxy- 
acids) of calcium, magnesium, and non. and of certain other impurities insoluble in the lye (colourmg-mattera 
coagulated proteins, Ac.), and it is this mass winch forms the lefuse. 

11 


27 
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folio ^ving manner ; The tallow is mixed and gently heated in the copper with^ about one- 
fourtii of the necessary amount of caustic soda in the form of a solution of 10 Be, Biist 
of all an emulsion is formed and then saponification gradually proceeds^ the mass bcgjniijjig 
to become liomcgeneous and the volume increasing slightly. When a little is removed 
on the blade, it forms a jelly which does not separate the lye, and the soap-boiler judges 



Fig. 278. 278a. 


of the fixation of the alkali by observing when the caustic taste ot the alkali disappears. 
Much of the fat remains unsaponified, so that a hot caustic soda solution of 12° to 14° Be. 
is gradually added until the stirred, boiling mass thickens, becomes clear and homogeneous, 
and falls from the spatula in transparent ribbons. At this stage, in ortlta* to judge if the 
alkali has been added in the proper proportion, a little of the soap is poured on to a glass 
plate ; if a solid white edge first forms round the di’op of soaj), while tliu interior of the 



^10- 279. Fig. 279a. 


mass remains .transparent until solidification is complete, the whole of the fat is saponified 
and there is no excess of alkali. But if the edge immediately turns greyish and the mass 
turbid, non-saponified fat is present and alkali lacking ; whereas, if the whole mass becomes 
covered with a whitish pellicle without previous formation of a solid edge, excess of alkali 
is present, this being corrected by adding a little fused tallow to the mass in 'the copper. 
Thus treated, the gluey paste, w^hich has a slightly caustic taste, is boiled more strongly 
until it loses sufficient water to form a homogeneous ropy paste on the mixing- blade, 
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At this stage the separation of the soap from th'e liquid is induced by the giadual 
addition of salt either in the solid state (4 to 8 per cent, of the weight of fat) or in con- 
centrated solution (20° to 22° Be.). The first addition of salt renders the mass more 
fluid, while successive additions cause separation of the soap, which finally floats on the 
lye, the latter being drawn ofi after some hours by means of either a tap or siphon. When 
hard water is used, a little sodium carbonate is always added to the salt. 

The residual lye should have, not a caustic but a brackish and somewhat sweet taste 
owing to the glycerine present, and its density should be at least 7° to 8° Be. (for soaps 
from coco-nut, palm-kernel, oxidised oils, &c., 16° to 24° Be.). If too little salt has been 
added, the lye will retain dissolved soap, and the separation of the latter will not be sharp, 
since between it and the lye will be formed a third layer consisting of an irregular, gela- 
tinous mass which increases the w^aste and diminishes the yield. With too much salt, 
the soapy mass separates rapidly and in large clots which retain the lye. But if the 
operation has been properly carried out, the soap adheres to the mixer in soft flocculent 
masses which, when squeezed between the fingers, are moderately stifi, do not exude 
liquid and give a hard and dry, not a sticky, flake. 

When treated repeatedly with salt solution, some soaps lose part of their combined 
alkali owing to the readiness with which they dissociate ; in such cases a little caustic 
soda is added to the salt. 

The soap is then subjected to the boiling process (m some cases this is preceded by a 
further heating with weak alkali of 4° to 6° Be. and a httle salt, the suhnatant lye being 
decanted after a time). This consists in covering the copper, boiling vigorously, and, if 
necessary, stirring to prevent the frothing mass from overflowing. By this means the 
small quantity of residual lye is concentrated and hence separates more easily, while the 
soap gradually becomes denser owing to the loss of nearly the whole of the water (only 
15 to 35 per cent, being left). The bubbles at the surface gradually increase in size and 
then disappear completely, while large bubbles of steam form at the bottom of the copper, 
force their way noisily through the mass and produce large pufls at the surface. The 
heat (fii’e or steam) is then very soon stopped. A little of the soap pressed between the 
thumb and the palm of the hand then forms a dry, soft, wuxy paste, but does not stick. 

The soap could next be moulded, but it is often subjected to a finishing process {see 
above), dilute caustic soda (3° to 6° Be., or hot water alone if the soap has been treated 
originally with excess of alkali, or very dilute sodium carbonate) bemg gradually added 
to the soap in the boiler, the mass being heated and gently stirred until it becomes more 
liquid, less granular and perfectly uniform. The copper is next covered and left for a 
day, the soap being then transferred to the moulds or cooling frames. To obtain white 
soap, an addition of 0*1 to 0*3 per cent* of sodium hydrosulphite is sometimes made to the 
mass before discharging. 

As a rule, soaps are made not from pure tallow, but from mixtures of various fats and 
oils, e.g, palm oil, olive oil, oleine, &e. ; in such cases the concentration of the caustic 
soda must be varied, olive oil soap, for example, requiring lye of 25° to 28° B6., which 
sometimes escapes salting -out. 

At one time Marseilles soaps were prepared from olive oil alone, very dilute lye being 
first used and then more and more concentrated ones* But nowadays cotton-seed, arachis, 
coco -nut, palm -kernel oils, &c., are generally added, the processes employed, whether 
for white or for Marseilles mottled soap, being those used for other soaps. 

SOAPS FROM FATTY ACIDS or OLEINE. Oleine, elaine, or commercial oleic 
acid forms a more or less dense liquid with a colour varying from pale yellow to dark 
brown. Less highly coloured is the oleine obtained by saponification of pure fats in 
autoclaves and separation from the stearine by pressing {oleine of saponification) or by 
enzymic or catalytic decomposition {catalytic oleine), whilst that obtained from impure 
fats (bone fat, &c,) or by means of sulphuric acid is generally darker and is separated 
after distillation of the fatty acids {distillation oleine). If an oleine contains more than 
3 per cent, of non-saponifiable substances, it is certainly .distillation oleine (1 to 9 per 
cent.), but a less content than this does not necessarily indicate oleine of saponificaticn 
since the modern methods of exact distillation yield oleines almost free from non-saponi- 
fiable matter. 

Oleine always contains small quantities of neutral fats and, more especially, of solid 
fatty acids (5 to 20 per cent, palmitic, stearic, but its iodine number should be betv een 
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75 and 85, and its acid number at least 179 (about 90 per cent, of fatty acids, expressed 
as oleic acid). 

Oleine of saponification is now sold at a rather lower price than tallow, and distillation 
oleine at a still lower price (485. to 505. per quintal). Besides for soap-making it is used 
for treating wool which is to be carded or combed. 

Pure oleic acid and its properties have already been considered on p. 298. 

The manufacture of soap from fatty acids {see p. 406 et seq.), although it gives no 
glycerine, is economical in various ways ; thus, it allows of a more rapid saponification 
with a dimiidshed consumption of fuel and renders possible the use of sodium carbonate, 
which is cheaper than caustic soda. 

100 kilos of oleine would require about 19 kilos of sodium carbonate (instead of 13*5 
of caustic soda), but in practice only about 90 per cent, of this amount is used, the saponi- 
fication being completed with caustic soda in order to transform the small amount of 
neutral fat present in the commercial oleine. A hot solution (about 30 per cent.) of the 
whole of the sodium carbonate is prepared in a wide, shallow copper, the oleine being 
then added gradually in a thin stream, the mass being mixed and heated by a jet of direct 
steam so as to liberate the carbon dioxide and prevent the froth from overflowing ; the 
latter end is best attained by adding a little salt to the soda solution at the beginning 
or by the passage of a current of air. The caustic soda solution (15° to 18° Be.) is then 
introduced and the whole heated, salted-out and boiled, as aheady described for tallow 
soap. Pure oleine soap is at first rather soft, but it gradually dries, hardens, and becomes 
of a paler yellowish brown colour than the fresh soap. 

When soap is made from oleine and fats together, the latter are first saponified and 
the oleme added subsequently. 

RESIN SOAPS are now made in large quantities and by almost all soap manu- 
facturers. Colophony {see Part III) contains acids which behave like the fatty acids 
and yield similar soaps, which lather well with water and, when mixed with ordinary 
fat soaps, diminish the price considerably, as colophony costs only 145. to 285. per 
quintal. 

The saponification of the resin is effected with a rather strong lye (to avoid excessive 
frothing). It is necessary to employ pure fats and pure resin (with tire saponification 
number 160 to 180), and when saponification is complete, the soap must be well “ finished ” 
in order to avoid excess of alkali, which would cause efflorescence (also avoidable by the 
addition of a little sodium silicate at the end of the manufacture). 

The resin may be introduced as a powder directly into the fused fat, but it is more 
generally added after the fats have been saponified and the soap salted out and separated 
from the iye. The concentrated caustic soda (100 kilos at 20° Be. or 90 kilos at 25° B6. 
per 100 kilos of resin) is then added and the resin gradually disintegrated by heating and 
stirring. Boiling is continued until the froth almost disappears and the soapy mass 
separates well from the lye below and exhibits the proper consistency wheir pressed between 
the fingers. After the lye has been removed, the soap is finished with a little boiling 
water, then left for 12 to 24 hours, and finally solidified in the ordinary frames or moulds. 

Good resin soaps should not contain more than 40 per cent, of rosin, but in some cases 
they show as much as 100 per cent, (compared with the fat), and it is a question whether 
resin soaps should be regarded as adulterated ; to this view the manufacturers object, 
for obvious reasons. Although attempts have been made at various congresses to fix 
limits (10, 20, or 30 per cent.) to the proportion of resin allowable, none of these are 
regarded. The case would be met by stamping the resin -content on every cake of soap, 
as there could then be no question of adulteration or fraud. 

Some soaps are not separated from the lye, or grained or finished, but are left mixed 
with the lye and the glycerine ; the fats employed must here be pure, since otherwise 
the impurities would colour the soap. Coco-nut oil and palm -kernel oil are more especially 
used, as they have the property of becoming incorporated or remaining dissolved in a 
large excess of alkali or salt and of forming hard soaps with even large proportions of 
water (200 to 300 per cent.). They are made by either the hot or the cold process, and 
are generally cheap soaps, as they can be resined and charged, not only with large quantities 
of water, but also with salt, silicate, talc, flour, &c. Solutions of salt or caustic soda 
(20° Be.), even in excess, facilitate hardening, whilst potassium carbonate pi educes a 
certain softness and lustre. The silicate and salt are mixed with hot caustic soda and are 
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added finally to the soap at 90° to 95°. The method of procedure is that generally 
employed : the fat is added to part of the caustic or carhonate sohilicn with which it is 
stiiTed and heated to boiling ; the rest of the alkali is then introduced and finally the salt 
or silieate solution in small portions ; the mass is mixed, left in the covered copper over- 
night, when it falls to a temperature of 75°, then skimmed and cooled in the frames.^ 

When these soaps arc prepared in the cold, the palm-kernel or coco-nut oil is mixed 
with the theoretical quantity of concentrated caustic lye (for coco-nut oil, 50 per cent, 
of l^^e at 38° Be.), which saponifies these and other fats (tallow, lard, cotton-seed oil, arachis 
oil, resin, &c.), even in the cold, with spontaneous rise of temperature ; they are commonly 
loaded with silicate, talc, salt, &c. 

MOTTLED SOAPS. Until 30 to 40 years ago, mottled soap of the Marseilles type 
was made with olive oil, the mottling being produced by adding to the soap, either before 
or after graining, ferrous sulphate, ferric oxide, ultramarine, &c. (0-2 to 0-6 per cent, of 
the weight of fat), discharging into the cooling frames at a temperature of 75° to 80° 
and allowing to cool slowly (4 to 6 days). 

Mottling is satisfactory only when the soap does not contain more than 32*5 to 34 per 
cent, of water, and hence constitutes a safeguard to the consumer showing that he is not 
being cheated with soap overcharged with water. Olive oil soap can be well mottled if 
it does not contain more than the above quantities of water and colouring-matter, and 
not more than 2 per cent, of salt, since it is only under these conditions that it acquires 
just that fluidity which, at the solidifying temperature, offers a resistance to the minute 
coloured particles (iron, aluminium, and manganese soaps, and metallic hj'droxides) ; 
the latter gradually group themselves into veins, whilst the drops of lye and soluble salts 
fall to the bottom. If the quantity of water is raised, the equilibrium is displaced and 
the fluidity increased, so that the colouring-matters are deposited. But if other solid 
fats are used in conjunction with the olive oil, the required consistency can be obtained 
with as much as 50 per cent, of water. With coco-nut, palm-kernel, and palm oils, mottled 
soaps can be prepared containing 70 per cent, or even more of water, in addition to an 
increased amount of alkali. These soaps, however, should not contain more than 2 per 
cent, of sodium carbonate and less than 10 per cent, of dissolved salts ; otherwise the 
soap will effloresce on drying, provided that it is sufficiently stiff to permit of mottling. 

A type of mottled soap wffiich is often prepared with a yield of 180 to 200 per cent, 
is that from almost equal quantities of sulphocarbon olive oil and coco -nut or palm oil. 
In this case the manufacture of the olive oil soap is carried out separately as far as the 
stage where it is separated from the lye, so as to remove the impurities : it is then intro- 
duced into the pan where the coco-nut oil has been saponified in the hot with caustic 
soda of about 20° Be., together with some 13 per cent, of sodium carbonate dissolved 
in water. Unger (1869) found that, in order to prevent coco-nut or palm oil soap from 
efflorescing on drying, it should not contain more than 43 per cent, of sodium carbonate, 
calculated on the weight of coco-nut oil (i.e. 1 mol. of sodium carbonate per 4 mols. of 
pure coco-nut soap). After mixing, the two soaps are boiled and 4 to 5 per cent, (on 
the total fat) of sodium chloride solution of 24° Be. gradually added ; the heating is 
continued until the paste boils readily without adhering to the sides of the copper, and 
the steam evolved produces, at the surface of the soap, veinings and crevices in the foim 


1 High yields are given by the following mixtures 


Yield 

Coco- 

nut 

oil 

Crude 

palm- 

kernel 

oil 

Palm 

oil 

Tallow 

Resin 

Caustic 
soda 
(26° B§) 

Potassium 
carbonate 
25'’-30° B6. 

Salt 

Sodium 

sibcate 

20°-22° 

B6 

8°-10‘’ 

B6. 


kilos 

kilos 









About 250 % 

90 
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— 

10 

— 

60 

65 

40 

— 

— 

„ 300 % 

— 

100 

— 

— 

— 

60 

100 

65 

— 

— 

» 300 % 

50 

40 

20 

— 

15 

60 

65 

65 

— 

— 

(resined) 











„ 400 % 

100 

[or 100] 

, — 

— 

— 

60 

100 

100 

50 

30 

,, 800 % 

100 

[or 100] 

— 

— 

, — 

80 

260 (20° Bl) 

300 

60 

— 

„ 1000 % 

100 

— 

— 



150-160 (22° B4.) 




800 
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of rosettes. The soap will then emit a hollow sound and will not form bubbles when 
struck with the stirrer, from which it falls in broad folds which become covered with a 
dry skin ; when placed on glass, it is quickly coated with a solid layer beneath which it 
remains fused, while between the fingers it does not pull out, but tends to solidify. It 
is important that it should not contain an excess of caustic soda (not more than 0*2 to 
0*3 per cent. ; it is hest neutral) as with finished soaps ; any excess may be eliminated 
by adding the calculated quantity of coco -nut oil or of hydrochloric acid, determined 
by titration. At this point the colouring-matter is well mixed in, the soap being then 
cooled to about 75° and poured into large sohdifying frames (holding at least 10 quintals) 
so as to cause slow cooling (in winter these are wrapped round with cloths), and hence 
satisfactory mottling. These mottled soaps of high yield (up to 400 per cent.) bear the 
name of blue mottled or Eschweg soaps, and were largely used some years ago. Even 
now their consumption is considerable, as they have a higher detergent power than finished 
soaps owing to their richness in alkali carbonates ; they dry more rapidly than resin 
soaps and owing to their hardness they are preferred for laundry purposes, there being 
no waste even when the clothes are vigorously rubbed. 

The formation of mottling in soaps probably obeys the laws holding in the solidifica- 
tion of alloys (solid solutions) and the figures given on pp. 412 and 642, and in Plate III. 
of vol. i of this work {^‘Inorganic Chemistry ”) represent well the impression produced by 
the mottling of soap. 


Pig* 280. Fig. 281. 

When almond-mottling is required, an iron rod 12 to 15 mm. in diameter is drawn 
vertically through the semi-solid soap in the solidifying frame, so as to make a kind of 
longitudinal cut ; similar cuts, parallel to the first, are then made throughout the whole 
mass at distances of 4 to 6 cm., and afterwards a similar series perpendicular to the others. 
When solidification is complete, the whole of the soap is traversed by dark markings in 
the shape of almonds arranged like the leaves on acacia twigs. Other mottlings are made 
either by machinery or by hand. 

Eor Eschweg soaps mixtures of various fats are used, e.g. 20 to 25 per cent, of i allow, 
25 to 30 per cent, of hone fat, 10 to 15 per cent, of cotton-seed oil, 20 to 40 per cent, of 
palm -kernel oil, and 20 to 30 per cent, of coco-nut oil. The yield is usually 205 to 215 
per cent., although additions of silicate (10 to 12 per cent.) are sometimes made. 

TRANSPARENT SOAPS were at one time obtained by dissolving ordinary soaps in 
alcohol, evaporating the latter and moulding the transparent residue. The amount of 
alcohol used was subsequently diminished by adding glycerine, and at the present time 
transparent or so -called glycerine soaps are made from mixtures of decolorised tallow 
with castor, linseed, and coco-nut oils, with addition of glycerine and also of 20 to 30 per 
cent, of saccharose or glucose, which enhances the transparency. To this mixture, melted 
in the copper, is added caustic lye at 30° to 36° B4., the whole being mixed until a homo- 
geneous emulsion is formed ; 2 to 5 per cent, of alcohol is then introduced, and the 
mass heated to 75°, cooled to 50°, and poured into the moulds. For some of these 
soaps as much as 40 per cent, of pale resin is employed. 

SOFT SOAPS are usually potash soaps of linseed oil or oleine, while in summer cotton- 
seed, colza, sesame, palm, or fish oil is also used. 

Some of these soaps are transparent (plain or variegated), others opaque and white 
or yellowish. For every 100 kilos of fat, about 160 kilos of caustic potash of 24° BS. 

used, the yield being sometimes as much as 235 per cent, ; if caustic soda is partly 
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pnij)loyecI, a harder soap is obtained, but the yield is diminished. Also 10 to 15 per cent, 
of resin may be used or 10 to 15 per cent, of oil. In general these soaps contain carbonates. 

The boiling is earned out in the usual way, and is continued until frothing ceases, 
and a small portion placed on glass remains clear for some time without forming a skin 
and, on cooling, becomes turbid at the edges and exhibits slight veinings of tye. If this 
test portion remains clear Imt presents no such veinings, lack of alkali is indicated. 




Fig. 282. 


Fig. 283. 


Many of the soft soaps no^v used contain white granules, jirodiiced by the addition 
of tallow or stoarinc, which crystallises out throughout the mass of soap during the cooling, 
tlio latter occupying 4 to 8 weeks ; this change is known as figging and the yield of such 
soaps is often as high as 240 per cent. 

The manufaeturo of soda soap from glycerides by means of lime and sodium carbonate 
(Krebiiz process) has been described on p. 408. 

Cooling and Solidification. The soap from the copper is cooled in large cliest.s or 
frmnes, formerly of wood but now of iron, as was suggested by Kinll in 1876 (Fig. 280). 
The sides of these are fixed by means of bolts and nuts and hence fit perfectly and are 
readily taken apart. In 
some cases, the frames are 
mounted on three wheels 
so as to be transportable. 

To prevent any impurities 
depositing in one place 
and so producing mottling, 
the pasty soap in the frame 
is stirred with wooden 
crutches until it begins to 
solidify ; but, if slow 
solidification is required 
(for mottled soaps), the 
sides of the frame are 
covered with straw mat- 
tresses or wool, especially 
in winter (Fig, 281). The 
frames vary in capacity from 1 00 to 6000 kilos and, according to the amount and quality 
of the soap, th6 cooling lasts one or several weeks. The walls of the frame are then 
removed and the large block cut into smaller prismatic blocks by means of thin steel wires 
worked by a toothed- wheel winch, which is applied to various points of the block (Fig. 282). 
The small blocks are discharged on to a truck carrying a platform which can be raised 
(Fig, 283) and are then transferred to the tarring machine (Fig. 284), where each block 
is placed between A and B and forced by means of the plate A and the toothed wheel, 
if, against the frame, B, fitted with adjustabk crossed steel wires. The long bars thus 



Fig. 284. 
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oTitained between B and G are then pressed against the vertical wires of the fraine, C\ 
and thus cut into cakes of the req[iiired size. There are many siicli machines of clifTerent 
typeSy some fitted vitli fixed and others with universal frames. 

During recent years a method has been devised of preparing cakes directly from the 
hot soap from the copper, without using the large cutting machines (slahhers) ; in this 
way much time is saved, waste and scraps are diminished in amount and the subsequent 
seasoning shortened. The hot soap is rapidty cooled and compressed in llie Khnnpp 

apparatus (Fig. 285), being first transferred to the jacketed reservoir, L, where it is kept 

liquid by means of hot water in the jacket. The plate, r, consisting of a double -walled 
box surrounded by cold water, has a movable base, Jif resting on the piston of a hydraulic 
pump, K, The box, c, is filled with liquid soap and the wheel, F, turned so as to press 
on to the surface of the soap the large plate, a, which is kept horizontal by the four rods, 
N, of the press, while inside it cold water circulates. 

When this plate is firmly fixed and the soap begins to solidify, a pressure of 50 almos. 
is applied by means of the press, K, this pressure being increased to 250 almos. when 
the soap is quite cold and solid. The ordinary cutting machines are Ihen used to cut 
these slabs into marketable pieces, which lose little water even in the air. 

^Seasoning or of the so^^^ to 

^ I 1 1 ^ several ^weeks or even, inonths. 

Ferret furnaces, which burn waslc coal or 
spread out on gratings 

i" superposed on trucks, which are gradually 

" ^ charged at 35® to 45®, The seasoning' is 

Fig. 285. complete in 3 to 6 days, but if the tem- 

perature is too high at first, or the drying 
too rapid, the soap softens and becomes deformed and crushed. To give llie cakes a 
smooth surface, and so render efflorescence and cracking more difficult, as they issue 
from the dryer they are subjected to the action of a slight steam -jet, which melts them 




Fig. 285. 


superficially. 

STATISTICS. The largest and most up-to-date soap -factories of the present day are 
in the United States and England, next in importance being those of Germany and France. 

Italy imports more than 220,000 quintals of fat (1904) for soap and candle -making. 
In 1894 there were 300 factories and an appreciable exportation (33,000 quintals of common 
soap and 1000 of perfumed soap) which in 1903 reached 40,680 quintals of common soap, 
sent to England and the United States, and 1230 of perfumed soap to India and Egypt. 
In 1909 the exports were 28,450 quintals of common soap, worth £74,000, and 2150 of 
perfumed sorts, worth £19,340 ; in 1910, 40,000 quintals of common soaps, valued at 
£104,200, and 1915 of perfumed (£17,240) were exported. The importation amounted 
to 16,369 quintals of ordinary and 964 of perfumed soap in 1903 ; to 19,000 qxiintals 
of common kinds from France and 1100 of perfumed from Germany, France, and England 
in 1904 ; to 23,230 quintals of common soap, valued at £48,400, 1120 of perfumed 
(£15,680), and 5300 quintals of cart-grease and stiff fats, Qommtiiiig largelyof lime soaps, 
resins, and mineral oils and valued at £2544, in 1905 ; 40,000 quintals of ordinary soap, 
costing £96,000, 1617 quintals of perfumed soap (£23,360), and 2500 quintalsof cart- and 
engine-grease in 1910. 

The total production of soap in Italy in 1905 was estimated at about 1,500,000 quintals. 

France was at one time the greatest exporter of soap, 160,000 quintals of non-perfumed 
kinds being exported in 1890 and 268,000 (worth £440,000) in 1900 ; but at the present 
time England is far ahead. In 1898 France produced about 3,000,000 quintals of soap 
(one-fourth mottled), one-half of this in the Marseilles district ; the total value was 
£5,600,000. The port of Marseilles receives annually 5,000,000 quintals of oily fruits 



425 


SOAP STATISTICS 

and Reeds, and a similar quantity of crude oils and fats for extraction and refining 
(including minerarl oils), the total yearly production of the Marseilles oil, soap, and 
stearine industries being nearly £40,000,000. 

The province of Marseilles produced 500,000 quintals of mottled and 50,000 quintals 
of white soap in 1860 and 200,000 quintals of mottled and 1,400,000 of white sbap in 
1898. 

In 1894 England exported 290,000 quintals of soap and in 1897 about 370,000 ; in 
1900 the exports of soap were valued at £920,000, and those of stearine candles at £400,000 ,* 
in 1907 the soap exported amounted to £1,480,000 ; and in 1909 to 650,000 quintals 
(112,000 being imported in that year). The English Sunlight Company alone has a 
capital of £14,000,000. 

The production of soap in England in 1907 was* as follows : soft soap, 49,900 tons ; 
toilet soap, 70,400 tons ; ordinary soap, 665,000 tons ; and various other soaps, 24,200 
tons, the total value being estimated at £7,055,000. The exportation of ordinary soap 
alone amounted to 119,540 tons in 1909 and 134,560 tons (£1,357,776) in 1910, in which 
year the imports were less than 20,000 tons. 

The total production of soap in England is about 4,000,000 quintals per annum. 

The United States produced soap to the value of £13,650^00 in 1904 and of £22,280,000 
in 1909 ; the exports amounted to £789,000 in 1910 and £800,000 in 1911, and the imports 
to £165,000 in 1910 and £160,000 in 1911. 

In 1903 Germany imported 7,740,000 quintals of oils and fats, and in 1905 about 
9,000,000 quintals, of the value of £13,000,000, the exports in 1905 being 2,432,000 quintals, 
worth £2,920,000. Also, in 1905, 306,320 quintals (145,000 in 1903) of oleine, valued at 
£300,000, were imported. 

In 1903 Germany exported 84,160 quintals of soap of all qualities, an<l in 1905 almost 
99,000 quintals, worth £440,000, the imports in that year being 14,500 quintals, valued 
at £48,000 ; in 1905, the exports of soap were about £640,000. 

In 1906 Japan imported soap to the value of £36,000, and in 1907 £52,000, half of the 
amount coming from Germany. 

The Argentine Republic possesses 200 soap factories, representing a total capital of 
about £240,000, and giving an annual production valued at about £640,000 ; considerable 
quantities of perfumed and medicinal soaps are imported. 

The value of soap ’ varies considerably with the quality, the degree of fineness, the 

1 Analysis of Soap. As a rule, the commercial value of a soap is determined from the quantity of combined 
fatty acids which it contains, and as the percentage of these varies with the degree of moistness, great care must 
be taken in sampling the soap. The cake is first weighed and the sample cut in such a way that the inner and 
outer portions are taken in the proper proportions ; the sample is then cut up fine, rapidly mixed and immedi- 
ately enclosed in a vessel with a ground stopper so that water may not be lost. 

The analysis consists of some or all of the following determinations : 

(1) Waiter. Tins estimation is not usually made, as it involves a long operation, while it is possible to cal- 
culate the proportion of water indirectly after all the other components have been determined.^ The direct 
estimation is made by weighing 6 to 10 grms. of the finely divided soap rapidly in a tared dish containing a small 
glass rod and filled to the extent of one-third with sand which has been previously calcined. The dish and its 
contents are heated first in an oven at 60“ to 70®, the fused soap being carefully mixed with the sand until a skin 
of soap no longer forms at the surface ; the temperature is then raised to 105° to 110°, at which it is maintained 
until constant weight is reached. The total loss in weight represents the water. 

(2) Unsapomfied Fat. The drp residue from the water estimation is introduced into a Soxhlet extractor 
(see p. 374) and extracted for a couple of hours on the water-bath with light petroleum in a tared flask ; the solvent 
IS subsequently distilled off and the extracted fat dried at 110° until of constant weight. 

(3) Fatty Acids, Free Alkali, Glycerine, and Resin The residual matter in the Soxhlet apparatus (or the dry 
soap itself) is extracted with neutralised absolute alcohol, which dissolves the soap, glycerine, and free canstic 
alkali ; the last of these is determined immediately by titrating the alcoholic solution with normal sulphuric 
acid m presence of phenolphthalem. The liquid is afterwards largely diluted with water, heated for a long time 
on the water-bath to remove all the alcohol, and treated with a measured volume, in excess, of normal sulphuric 
acid, the liquid being then heated in a beaker on a water-hath and on a sand-bath until the clear fatty acids (and 
the resm, if present) separate at the surface. After cooling, the solidified layer of acids is pierced with a rod and 
the liquid poured on to a tared filter m a stcmless funnel, the fatty acids being then washed with hot water, and 
the whole brought on to the filter. The excess of free sulphuric acid in the whole of the wa«h-water is deter- 
mined by titration with normal caustic potash This then gives the amount of sulphuric acid fixed by the alkali 
of the soap and hence also the combined alkali expressed as NaaO. Evaporation^ of the liquid to dryness and 
extraction with absolute alcohol removes any glycerine present in the soap, this being weighed after evaporation 
of the alcohol. The fatty acids on the filter are treated with a couple of c e. of alcohol to remove any moisture 
and then with suflScient light petroleum to dissolve all these acids ; the filtrate is evaporated in a tared dish, 
dried at 105° to constant weight and the residual fatty acUs weighed To determine any resin which may be 
present in the fatty acids, part of the latter is weighed, dissolved in 20 c.c. of alcohol a,nd, after addition of phenol- 
phthalein, hydrolysed m the hot with a slight excess of alkali j after cooling, the liquid is made up to 110 c.c. 
with ether, treated with powdered silver nitrate and allowed to deposit the precipitated silver stearate, palmitate, 
and oleate. One-half of the flftered solution (containing soluble silver reeinate) is treated with 20 c.c. of dilute 
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content of fatty acids, and the degree of purity. The ordinary soaps used in laundries 
and in the textile industries, which are made from sulpliocarbon olive oil and contain 
60 to 65 per cent, of fatty acids, cost 44^. to 48s. per quintal, according to the conditions 
of the market and the prices of prime materials (fats and oils). Soaps loaded mth water 
and other substances may cost-much less ; fine, perfumed soaps cost up to £4 to £8 per 
quintal. 


GG. POLYHYDRIC ALDEHYDIC OR KETONIC 
ALCOHOLS 
CARBOHYDRATES 
(Sugars, Starch, Cellulose) 

This group of substances might have been included in the preceding 
chapter, FF, where, in paragraphs D and E, certain very simple aldehydio 
and ketonic alcohols have been considered. But, partly owing to custom 
(since it has been the rule to include in the group of Carbohydrates only ketonic 
or aldehydio polyhydric alcohols with six [^nonosaccMndes] or a multiple 
of six carbon atoms [polysaccharides] and containing hydrogen and oxygen 
in the proportion of 2 : 1, as in water), and partly because this group embraces 
all the sugars, which exhibit special characters very different from those 
of glycolKc aldehyde (which should be the first member). 8o that even at 
the present time the carbohydrates are considered separately, although the 
brilliant researches of Emil Fischer, commenced in 1887, have extended this 
group to compounds with five, four, or three carbon atoms, on the one hand, 
and to monosaccharides with six, eight, or even nine carbon atoms on the 
other. 

These monosaccharides bear the name of Monoses {Hoses, trioses, telroses, 
pentoses, hexoses, hepUses, octoses, nonoses, &c., according to' the numl^er of 
carbon atoms they contain), while the polysaccharides (formed by the con- 
densation of two or more monose molecules) are called generally polyoses 
and, in particular, hexabioses, hexatrioses, &c., according as they are formed 
by the condensation of two, three, &c., hexose molecules. 

A. MONOSES 

All the monoses are aldehydic or ketonic polyhydric alcohols containing 

H 

the characteristic grouping, — C — C— i,e. a hydroxyl group united with a 

OH 0 

carbon atom adjacent to a carbonyl (CO) group. When the oarbon.yl exists 

H 

as an aldehydio group, — C — C-H, these monoses are called Aldoses, whilst 

OH 0 

hydrochloric acid (1 : 2) and filtered, an aliquot part of the filtrate being evaporated in a tared capsule, dried 
at 100° and the residual resin weighed ; the weight of the resin is diminished by 0 00235 gmi. for every 10 (s.e, 
of ethereal solution of silver resinate, this being the amount of oleic acid removed by the etlier. The t rue weight 
of the fatty acids, free from resin, can then be calculated. 

(4) Soda, Salt, Sulphates, Silicate, The residue from the Soxhlet apparatus, after separation of the. fat 
and soap, is treated two or three times with 50 to 60 c.c. of hot water and the solution filtered, made up to a 
definite^ volume and divided into four parts : one of these is titrated with normal sulphuric acid, using plicnol- 
phthalein as indicator, to ascertain the sodium carl>omte ; in a second portion, the sodium chloride is determined 
by titration with silver nitrate ; the third is precipitated with barium chloride and the weight of the barium 
sulphate and hence that of the sodium sulphate in the soap, determined. The fourth portion is treated witli 
hydrochloric acid and the silica, thus separated from the silicate, weighed. 

(5) Ash and Mineral “ Filling.** The ash obtained by burning a definite weight of pure soap is about 40 per 
cent, greater than the total alkali (expressed as XaaO). If the proportion is much higher than is indicated by 
this relation, the excess represents mineral fiUing. 
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? 1 

when it exists as a ketonic group, — C — C — C — , thej^are termed ketoses^ so 

OH 0 1 

that we have aldohexoses^ ketofiexoses, &c.^ 

The monoses have the general properties of the aldehydes or ketones and 
hence form, on oxidation, the corresponding monobasic acids, e.g. pentonic, 
hexonic acids, See. Since the aldoses contain a primary alcoholic group, 

.0 

OH-CH2'[CH-OH]^-Cf , 


they can also be oxidised to dibasic acids containing the same number of 
carbon atoms, whilst when the ketoses are oxidised, the carbon atom chain 
is ruptured and acids with lower numbers of carbon atoms formed. 

On reduction, both the aldoses and the ketoses take up two atoms of 
hydrogen, forming the corresponding alcohols ; the hexoses give hexitols 
and the pentoses pentitols. 

Like all aldehydes, they reduce ammoniacal silver solutions in the hot, 
giving silver mirrors. 

When heated with alkali, they turn brown and then resinify . 

They reduce alkaline copper solution (Fehling’s solution) in the hot. 

When heated with excess of phenylhydrazine dissolved in acetic acid, 
they yield yellow, crystalline phenylosazones, insoluble in water. ^ 

111 dealing with the hexoses later on, we shall see how the constitutions 
of the monoses in general are determined. 

Of the various monoses, containing from 2 to 9 carbon atoms, only certain 
of the hexoses are fermentable, that is, give alcohol and carbon dioxide under 
the action of ferments or enzymes {see pp. 112 and 122). Of the hexoses, 
some ferment readily, others with difficulty, and others again not at all, in 
dependence on their stereochemical configurations and possibly on the asym- 
metric constitution of the enzymes. d-Glucose, d-mannose, and d-fructose 
ferment easily, and d-galactose with difficulty, whilst 1-glucose and 1-mannose 
do not ferment. 


GENERAL METHODS OF FORMATION OF THE MONOSES : 

{a) From the polyoses by hydrolysis with dilate acids, water being added and several 
molecules of hexose obtained ; 

Ci2H220ii (saccharose) + H2O — 

(b) By oxidation of the corresponding alcohols by nitric acid : e.g. Arabitol, 


» The two classes of sugars, aldoses and Tcetoses, are distinguished by means of Romi jn*s reaction with a solution 
of iodine and borax, which oxidises all the aldoses (galactose, glucose, mannose, arabinose, xylose, rhamnose 
maltose, lactose), while it either does not oxidise the Tcetoses or oxidises them hut slightly (sorbose, fructose ; 
saccharose and raffinose are oxidised to a small extent). 

^ They form first phenyXhydrazones {see p. 206) : 


H-O-OH 

0 = d + HjX.NH 0 «Hb = HjjO + 


H— O-OH 

i = X- 


XH-OeH*; 


these yhenylhydfazones then react with two other molecules of phenylhydrazine, giving ammonia, aniline, and 
phenylosazone : 

H— C— 0 — 'h NHa NHCA 0 = X- NHC^Hs 

= XHs + XHr CsHs + HaO + 1 

. ' -h '.HgX.XHOoHg aniline C = X-XHCjUs 


0== X-XH-CA 


which is the characteristic group of the phenylosazones. The latter crystallise readily and in a pure state from 
a dilute pyridine solution, l^eductiop of the phenylosazones yields o^amfnes, e.g glucosamine, XH,. 
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gives Arabinose, CsHioOs (pentose ) ; xylitol (stereoisomeric with arabitol) gives xylose 
and Mannitol, mannose. 

(c) Oxidation of glycerol gives dihydroxyacetone, OH-CTTg^OO-CHo* OH, which 
is a triose, its constitution being indicated by the fact that it forms a cyanohy- 
drin, 0 H-GHo-C( 0H)(0N)-CH2'0H, the latter yielding trihydruxyisohvtyric. acid, 
OH*CH2-C(OH)(COOH)-aH2-OH, and this, on reduction, isobutyTic acid having a 
known constitution. 

(d) By treating the bromo -derivatives of the aldehydes with baryta water. Thus 
monobromaldehyde gives Gly collie Aldehyde, 


CH,Br-C< +HoO = 


HBr + OH-CHa- 



which is the simplest member of the sugar group and does not give all the reactions 
of the sugars. 

(e) With lime-water, formaldehyde undergoes aldd coTidensation (see p. 205), giving 
Formose, 

/O 

6H-CC - OH-CH,-CH(OH)-CH(OH)-CH(OH)-OH(OH)-Cf , 

\h ' 


which is a syrupy mixture of compounds, CgHioOc- 

Under the influence of light and moisture, plants fix COo and form starch (CoHioOs),^, 
which is a polyhexose, GCOg + GHgO = CgHjsOg + 6O2, the hexose then giving up water 
and yielding starch. According to Baeyer, the CO2 gives first formaldehyde, then a hexose 
(monose), and finally starch (polyose).^ 

Also 2 mols. of glyceraldehyde (derived, e.g. from acrolein) undergo the aldol condensa- 
tion and yield a hexose (termed acrose) which is a constituent of formose. 

(/) It is possible to pass from one aldose to a higher one through the cyanohydrin, 
which is first hydrolysed to an acid with an extra carbon atom. Such an acid readily 
forms a lactone with the hydroxyl in the y-position, and treatment of the lactone with 
sodium amalgam (addition of H2) yields the higher aldehyde (aldose) : 

.0 

OH* CHo * CH(OH) * CH(OH) • CH(OH) • CH(OH) • — > 

1 2- 3 4 5 0 7 

OH * CH2 • CH(OH) • CH(OH) • CH(OH) • CH(OH) • CH(OH) • COOH •> 

y g a 

OH*CH2*CH(OH)*CH(OH)*&*CH(OH)*CH(OH)-CO + H4 — -> 


-0 


OH* CH2 • CH(OH) • CH(OH) • CH(OH) * CH(OH) • CH(OH) • C: 


^0 

\tt' 


Heptose ^H 

By the same ke tonic (lactonic) synthesis, the heptose can be converted into octose and 


^ It was shown by Butlerow that formaldehyde — ^and later by E. Eischer that glyceraldehyde — can, under 
certain conditions and in the presence of bases (baryta), give rise to sugar (a-acrose). In 1905 H. and A. Euler 
found that under no conditions do other alkali hydroxides give an appreciable anaount of sugar, whilst wilh dilute 
solutions of sodium carbonate or, better with calcium carbonate or lead hydroxide at 100°, first glycoHic aldehyde 
and glyceric aldehyde are formed and finally a leto-araUnose, the phenylosazone of which melts at 159° to 161°. 
The conditions for the production of hexoses from formaldehyde are not yet defined, but 0, Loew statc'd that., 
with milk of lime, he obtained /erwose, which is a mixture containing i-fmdose (a-acrose). 

D. Berthelot and H. Gaudechon (1910) found that the action of ultra-violet rays on 10 per cent, solutions of 
various sugars at a temperature of 80° to 90° leads to the rapid formation of the following quantities of gas : 



CO 

CH^ 

Ha 

CO 2 

Levulose (ketose) .... 

83 

8 

9 

15 

Glucose (aldose) 

12 

12 

76 

22 

Maltose (gives 2 mols glucose) 

12 

11 

77 

21 

Saccharose (gives glucose and levulose) , 

45 

8 

47 

16 


They found also that prolonged action of ultra-violet rays on a mixture of CO 2 and Ha yields a small quantity 
of CO and of formaldehyde. 

These facts tend to confirm J. Stoklasa’s observations (1906-1910) on the formation of hydrogen as final 
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TETROSES, C4H8O4, and PENTOSES, C5H10O5 

Juwt an the heJs:oses can be converted into pentoses, the latter can give 
rise to TETROSES. For instance, d-, and i-erytlirose are obtained by 
oxidising d-arabonic acid, d-arabinosoxime, and natural i’erytJmtol respec' 
tively with hj^drogen peroxide : 

OH- CHg- [CH- OHjg- COOH + 0 = H^O + CO 2 + OH- CH^- [CH- OH]^- CHO 

Tetro&e 

The tetroses are also obtained by oxidising (with HgOg) the calcium salts 
of pentonic acids in presence of ferric acetate, which acts as an oxidising catalyst. 

The pentoses (Arabinose, Xylose, &c.) occur abundantly as Pentapolyoses 
or Pentosans (Araban, Xylan) in many vegetable organisms (straw^, wood, 
maize husks, Soc,), from which they are obtained by simple boiling with dilute 
acids Pentoses do not ferment. 

product of tlie degradation of carbohydrates by the action of glycolytic enzymes, which have an important function 
in the assimilation of carbon dioxide in the chlorophyll cells, and also to render valid Stoklasa's hypothesis (1907) 
that the formaldehyde necessary to the formation of carbohydrates by the simple polymerisation assumed by 
Baeyei can result from the reaction, 2CO2 + 2H2 = O2 + 2H CHO. Stoklasa and Zdobnicky (1910) have 
obtained inactive sugars and aldehj^de by the action of ultra-violet rays on carbon dioxide and hydrogen in the 
nascent state in presence of caustic potash (with initial formation of potassium bicaibonate, which, in the nascent 
state and with nascent hydrogen, generates the sugar) and have disproved the view held by Fischer (1888-1889), 
Loew (1888-1889), Xeuberg (1902), and Euler (1906) that, in the synthesis of sugars from formaldehyde, pentoses 
are formed ; the sugars they obtained are not asymmetric and are hence not fermented by ordinal y alcoholic 
ferments. According to Stoklasa, the function of the chlorophyll in plants is to absorb the ultra-violet rays of 
sunlight. From the aqueous distillate of the leaves of various plants, F. Hartwig and T. Curtius (1910) have 

separated (by means of m-nitrobenzhydrazide, a • ^-hexylenealdehydCj CHa-CHa-CHs CH : CH* , the hjdia- 

zone of which melts at 167®. 

^ By the term Pentosans aie meant those polysaccharides which are related to the pentoses in the same way 
as are starch, mulin, <S:c , to the hexoses, and which give pentoses and also hexoses on hydrolysis. From starch 
they aio distinguished by their Isevo-rotation. From plants the pentosans are extracted by means of dilute 
alkali according to the method given by Tollens, Stone, and Schulze (1888-1901) the finely divided vegetable 
matter is treated twice, for some hours at the ordinary temperature, with seven times its weight of 2 per cent, 
ammonia solution to eliminate in the soluble state part of the proteins, salts, &c., and to remove the more soluble 
part of the hemicellulose (this would give little pentose on subsequent hydrolysis). After the dark ammoniacal 
liquid has been separated by filtration through cloth and by squeezing in a press, the solid residue is extracted 
with ten times its weight of 5 per cent, caustic soda solution, with which it is first macerated in the cold for ten 
to twelve hours, and then heated in a reflux apparatus on a water-bath for six hours. The mass is next filtered 
through cloth and the residue pressed and washed several times with water until the total volume of solution 
obtained is equal to that of the caustic soda solution used. 

This brown liquid is evaporated to some extent on a w’ater-bath and is then treated in the cold with an equal 
volume of 90 per cent, alcohol. The voluminous, flocculent precipitate of gum {penUfsans) obtained, is 
collected on cloth, washed and purified by repeatedly dissolving m dilute acid and reprecipitating with alcohol, 
this procedure being continued until the gum leaves a minimal ash on incineration. 

To pass from the pentosans to the pentoses, the moist gum is hydrolysed (Conneler and Tollens, 1892 and 1903) 
by digestion for 12 hours with 25 parts of water and 2*5 parts of hydrochloric acid of sp. gr. 1-19, the mixture 
being finally heated on a water-bath until the furfural reaction (red coloration with aniline acetate paper) begins 
to make its appearance (about two hours). After filtration of the cold liquid and neutralisation with lead car- 
bonate (testing with Congo-red paper), a few drops of barium hydroxide are added and the liquid filtered to 
lomove precipitated lead clilonde and barium carbonate. The solution is concentrated on a water-bath under 
reduced pressure, mixed with a little alcohol, flOltered and concentrated to a syrup. This is taken up with methyl 
alcohol and the solution filtered to remove mineral and other impurities. The alcohol is then evaporated and 
the residue seeded with a few crystals of xylose or arabinose and left in a desiccator until the whole mass crys- 
tallises (this sometimes requires several weeks). 

In order to separate the arabinose and xylose, which often occur together, Ruff and OUendorff (1899) treat 
the mixed pentoses with eight times their weight of 75 per cent, alcohol and nearly their own weight of benzyl- 
phenylhydiazine dissolved in a little absolute alcohol. After several weeks’ rest with frequent shaking, there 
separates aradinose benzylphenylhydrazone, which, in the pure state melts at 174® and, when treated with excess 
of formaldehyde, liberates the arabinose ; the latter is soluble in water, whilst formaldehyde benzylphenylhydra- 
zone remains undissolved. 

The aqueous arabinose solution, after separation and concentiation to a syrupy consistency, deposits pme 
arabinose in crystals The corresponding hydrazone of xylose is soluble in 75 per cent, alcohol, and yields xylose 
when decomposed with formaldehyde in the manner described above. The xylose can also be separated, according 
to Bertrand and Tollens (1900), by treating the mixture of pentoses with 2 parts of water, 1 part of cadmium 
carbonate, and 0 5 part of bromine. The mixture is heated for a short time on the water-bath, then left for 
twelve hours, evaporated, taken up with water, filtered, again evaporated, and mixed with alcohol ; this pio- 
cedure yields crystals of cadmium bromoxylonate, CsHoOaBrCId. But before carrying out this separation, it is 
necessary to make sure that the mixture contains no galactose or glucose. These sugars can be detected by 
oxidising the mixture with nitric acid (sp. gr, 1 15) on the water-bath and evaporating the liquid to two-thirds 
of its volume. If the liquid remains turbid in the cold, the presence of mucic acid, derived from galactose, 
indicated ; and if, after neutralising with potassium carbonate, acidifying with acetic acid and concentrating, 
potassium hydrogen saccharate separates, the piesehce of gZucOae— which gives saccharic atM on oxidation— is 
demonstrated, 
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Arabinose and xylose are aldoses, OH’CHg- [CH(0H)]3*CH0. By 
bromine water these two pentoses are oxidised with formation respectively of 
arabonic and xylomc adds, OH* CH^* [CH* OHjg *00211, which are stereoiso- 
meric ; with more enei^getic oxidising agents, they give trihydroxyglutaric 
add. On reduction they yield the corresponding alcohols, arabitol and xylitol 
(see p. 189), which are also stereoisomerides. By way of the corresponding 
cyanohydrins they can be converted into hexoses {via hexonic acids). All 
these reactions aid in establishing the constitution of these pentoses. 

As they contain asymmetric carbon atoms, these sugars are optically active, 
and they exhibit the phenomenon of tnuta-rotation ; thus, for freshly prepared 
solutions of xylose, the value of the specific rotation is [a]x) = 75° to 80°, while 
five minutes after the sugar is dissolved it has the stable rotation + 19°. 

When pentoses are boiled with dilute sulphuric acid or with hydrochloric 
acid of sp. gr. 1*06 (12 per cent.), they yidd. furfural, C 4 H 30 -CH 0 (aldehyde), 
w^hich distils over and gives a characteristic and intense red coloration with 
aniline and hydrochloric acid, a phenylhydrazone with phenylhydrazine, 
and a slightly soluble condensation product with phloroglucinol.^ 

Treatment of any pentose or hexose with caustic soda in presence of air or other oxidi- 
sing agent (e.g. HgO) yields no trace of saccharic acid, but gives formic acid and monobasic 
hydroxy-acids {e.g. glycoUic, dl-glyceric, tnhydroxy butyric, and various pentonic and 
hexonic acids ) ; if air is excluded, aldotetroses, formaldehyde, a little 2 : 3-dienols, bioses, 
and glyceraldehyde are mainly formed. 

Kecent work has shown that the furfural obtained on distillation of vegetable sub- 
stances with 12 per cent. hydi‘ochloric acid is derived not merely from Irue pentosans, 
but also from oxycellulose, glycuronic acid, &c. ; methylpentosans give methylfurfural. 
Hence Cross and Bevan suggest the name fwifuroids for substances other than true pen- 
tosans which give furfural. On the other hand, it has been proposed by Tollens that the 
term perhtosan be applied to the whole of the substances (furfuroids and true pentosans) 
which give furfural when distilled with 12 per cent, hydrochloric acid. Hydroxymethyl- 
furfural {see below) does not distil in presence of acids but undergoes resinification, and 
hence escapes the Tollens method of estimating furfural. 

Until comparatively recent times it was assumed that the pentosans were derived from 
the hexoses and polyhexoses, since it was known that i-hydroxymethylfurfuraldehyde, 

CHO-C: CH-CH; C*CH2*0H 
0 

is obtained on heating levulose, d-mannose, d-glucose, d-galactose, chitose, &c., iii a sealed 
tube with 0*3 per cent, of oxalic acid, while ‘i^-bromomethijlfurfu.ral, 

CHO-C : CH-CH : C-CHgBr, 

0 

* Quantitative Determination of Pehtoses and Pentosans. Flint and Tollens (1902) distil in a flask similar to 
that shown in Fig. 17 (p. 11), about 5 grms. of the substance with 100 c.c, of 12 per cent, hydrochloric acid, the 
heating being carried.out in an oil-bath at 160®. Thirty c.c. of liquid are distilled over every twelve to fifteen 
minutes, in which time 30 c.c. of fresh acid are added by means of a tapped funnel, this procedure being continued 
as long as the distillate reddens a strip of filter-paper moistened with an acetic acid solution of aniline. To the 
distillate is added an excess (double the amount of furfural expected) of pure phloroglucinol dissolved in 12 per 
cent, hydrochloric acid. The volume of the liquid is made up to 400 c.c. with the same acid in a graduated fiask, 
which is well shaken and left for 12 hours, at the end of which time the precipitate is collected on a tared filter, 
washed with 150 c.c. of water, dried for four hours in an oven and weighed. The weight of furfural is obtained 
by dividing this weight by a variable factor, which has the following values for different amounts (m grms.) of 
the phloroglucinol compound . 0*20 (1*820) ; 0*22 (1 839) j 0*24 (1*856) j 0 26 (1 871) ; 0*28 (1*884) ; 0*30 (1*895) ; 
0*32 (1*904) ; 0*34 (1*911) ; 0*36 (1 916) ; 0 38 (1*919) ; 0*40 (1 920) ; 0*45 (1*927) ; 0*50 (1*930) ; 0*60 or more 
(1*931). The xylan is calculated by multiplying the quantity of furfural by 1 64, the araban, by 2 02, while for 
mixed pentosans, the factor 1 84 is employed. 

Another method of procedure consists in precipitatmg the furfural with phenylhydrazine and estimating 
the nitrogen in the precipitate. 

JoUes (1906), however, neutralises almost completely (to methyl orange) the distillate containing the furfur- 
aldehyde, then adds 10 c.c, (moic, if necessary) of a decinormal sodium bisulphite solution, and after two hours 
titrates the excess of bisulphite with a decmoimal iodine solution (1 c.c, of which corresponds with 0*0075 grm. 
^ entose)**^ 
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is obtained by lieatuig levulose (or iilter-paper, cotton, cellulose, straw, starch, dextrose, 
lactose, glycogen, &;c.) under pressure with, chloroform saturated at 0° with hydrogen 
bromide. Further, when the oxime of levulose is heated with concentrated caustic potash 
solution, the nitrile is first formed and then hydrocyanic acid and d-arabinose : 

0H-CH2-[CH-0H]4-CH:N0H — ^ HgO + OH-CHa* 

— ^ HCK + 0H-CH2*[CH-0H]3-CH0. 

Oxidation of d-glucomc acid with peroxides also gives d-arabmose. 

Ketohexoses in general, when heated with acids (e.g. with 0*3 per cent, of oxalic 

acid under a pressure of 3 atmos.), are largely transformed into hydroxymethylfurfural, 
whilst the aldohexoaes undergo this change only to a very slight extent ,* if mineral acids 
arc used, or oxalic acid in larger quantity, levulimc acid is obtained instead of hydroxy- 
methylfurfui’al, 

U. Nef’s recent work (1910) tends to show that^ in plants, pentosans cannot be derived 
from the hexoses, but that they are formed rather from either aldotetroses and formalde- 
hyde or 2-Garbon-atom sugars and glyceraldehyde. The hexoses, in their turn, would 
be formed, not from pentoses and formaldehyde, but rather from 2 mols. of glyceraldehyde 
or 3 mols. of a 2-carbon-atom sugar, or even from 1 mol. of a 2-carbon-atom sugar and 
1 of an aldotetrose. 

XYLOSE is readily obtained by boiling with dilute sulphuric acid plants containing 
it, especially jute, bran, straw, or, better still, apricot stones or maize husks. It bears also 
the name of wood-sugar, and is yielded by the decomposition of gluconic acid. 

When pure, it crystallises and forms a phenylosazone melting at 160°. 

d-ARABINOSE is Isevo -rotatory, but is obtained from calcium d-gluconate aiid 
hydrogen peroxide and from d-glucose. In the pure state it forms prismatic crystals. 

^-ARABINOSE is the optically inactive racemic isomeride, and is found in the urine 
of i^ersons suffering from pentosuria, 

Z-ARABINOSE is obtained by boiling vegetable gum with dilute sulphuric acid. It is 
dextro-rotatory, but is designated a Isevo -compound because it is related chemically to 
1-glucose. It forms sweet-tasting crystals melting at 160°, and its phenylosazone melts at 
157°. 

Two other pentoses are : RIBOSE, which, with nascent hydrogen, gives adonitol 
(a pentahydric alcohol, OH*OH 2 * [CH*OH] 3 ’CH 2 ’OH, and the only sugar -alcohol yet 
discovered in plants, the leaves of which are able to transform it into starch ; the sap 
of Adonis vernalis contains as much as 4 per cent, of adonitol) ; and d-Iyxose, which is 
obtained from galactonic acid and melts at 101°. 

Higher homologues are the Methylpentoses : FUCOSE, contained in algae ; CHINO- 
VOSE, ISORHAMNOSE, and RHAMNOSE (or Isodulcite), CgHgOs-CHs, which is 
obtained by boiling quercetin and other glucosides with dilute sulphuric acid. 

According to Rosenthaler (1909), Methylpentose in presence of pentoses can be recog- 
nised by heating the solution for a few minutes on a boifing water-bath with HCl of sp. gr. 
1-19 and observing the yellow liquid thus obtained in the spectroscope: methyHurfural, 
from methylpentose (even as little as 0*0005 grm.) gives absorption bands between the 
blue and green. The reaction is still more sensitive if a little acetone is added before 
heating, the liquid then being coloured red (by the methylfurfural) and giving a sharp 
absorption band in the yellow (D line) ; pentoses do not give this reaction if the liquid is 
heated. Other sensitive reactions are obtained with phloroglucinol, orcinol, resorcinol, 
pyrogallol, anifine acetate, &c. 


HEXOSES, CgHigOe 

These are of frequent natural occurrence and exist in various optically active 
stereoisomerides, since they contain four asymmetric carbon atoms, while they 
also form inactive racemic compounds. They are substances of sweet taste, 
and are extremely soluble in water, but in alcohol they dissolve but slightly 
and in ether not at all ; they crystalhse with great difficulty and decompose 
when distilled. Their phenylhydrazones are soluble, and their phenylosa- 
zones insoluble in water. When boiled with hydrochloric acid they all give 
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(1) Levulinic Acid (CH3*C0*CH2*CH2-C02H), the silver salt of which forms 
characteristic crj^stals, and (2) a brown amorphous mass of so-called humic 
substances. With methyl alcoholic ammonia, the hexoses form Osamines 
e.g. Glucosamine, CgHnOs-NHa. 

They reduce Fehling’s solution or ammoniacal silver solution in the hot, 
and with oxidising agents they yield hexonic acids and then lower acids down 
to oxalic. 

With lime they form additive compounds decomposable by carbonic acid ; 
with boiling milk of lime they turn brown and give Hexosaccharine (lactone 
of saccharic acid), CgHioOs. By the combined action of concentrated sul- 
phuric and nitric acids, they are converted into pentanitrates, while with alcohols 
and gaseous hydrogen chloride they form ethers [glucosules) . The aldohexoses 
give the fuchsine-sulphurous acid reaction [see p. 206), which is, however, 
not shown by the ketohexoses. The mode of formation of the phenylosazones 
is described on p. 427. 

With hydroxylamine they form oximes, e.g. c?-Glucosoxime, which can 
be converted into the corresponding nitrile and then, by elimination of HCN, 
into the aldopentose [d-arabinose). 

The hexoses are formed in various organisms and can also be obtained 
by hydrolysing polyhexoses with dilute acids or enzymes. 

The optical activity of the hexoses indicated by the prefixes d-, 1-, and i- 
indicates the sign of that of the substances with which they are connected 
genetically, but the fact that the actual direction of the rotation does not 
always correspond with this prefix is a source of some confusion. It must 
also be noted that the rotatory powers of the hexoses and pentoses are 
lowered when the sugars are dissolved in a centinormal alkali solution 
at 37^ 

Synthetically the hexoses can be obtained from formaldehyde [see Note, 
p. 428), as well as from the hexahydric alcohols by gentle oxidation and from 
the hexonic acids by reduction. E. Eischer has synthesised d-glucose com- 
pletely from glycerine, by way of (1) glyceraldehyde, (2) inactive fructose, 
which, with hydrogen, yields (3) inactive mamiitol, oxidation of this giving 
(4) mannose and (5) racemic mannonic acid, the latter being resolved into 
its (6) active components by means of strychnine ; d-mannonic acid, in 
presence of pyridine and water in the hot, produces (7) d-gluconic acid and 
this, on I’eduction, d-glucose. 

The relations between hexoses and pentoses were indicated in the last Not® 
[see p. 429). 

As was mentioned above, fermentation with yeast occurs only with 
d-glucose, d-fructose, d-galactose, d-mannose, and glycerose, no femieniation 
taking place with sorbose, the pentoses, 1-glucose, 1-fructose, 1-maimose, or 
d-mannoheptose. So that only the stereoisomer'ides of a certain group arc 
fermentable. 

The structures of the hexoses are deduced partly from their general reactions 
and partly from the following facts : 

The chain of six carbon atoms in the hexoses is normal, since reduction 
with hydrogen yields a hexahydric alcohol, which is further reduced by heating 
with hydriodic acid to normal sec. hexyl iodide, CHg- CHg- CHg* CHa* CHI - CH^ ; 
the constitution of the latter is shown by the fact that the corresponding 
secondary alcohol is oxidised to n-propylacetone, CHs- CHg* CHg- CHg- CO • CH3, 
this, on oxidation, giving finally butyric and acetic acids of known constitu- 
tion. 

The hexoses, contain five hydroxyl groups, as they yield pentacetyl-deriva- 
tives when boiled Avith acetic anhydride and sodium acetate or zinc chloride. 
Their constitutional formula hence cannot be other than : 



GLUCOSE 


408 


H H H H 


H,C — C- 


-A — G — C/ 


Ah Ah a 


H 

"0 


)H OH OH 


since, if two hydroxj’-l groups were at any moment united with one carbon atom, 
a molecule of water would be eliminated immediately. Further, with hj^drogen 
the hexoses form hexitols, which are not aldehydic but only alcoholic in 
character and do not give up HgO under any conditions, so that twm hydroxyl 
groups are not combined with one carbon atom. Neither can it be supposed 
that three hydroxyl groups are united with the terminal carbon, thus : 
/OH 

— C^OH, because if this were so water -would be readily separated and an 

\OH 

acid formed, in which ease the aqueous solution should conduct the electric 
current and have a dissociation constant much greater than that of acetic 
acid ; but this is not found to be the case. 

Combination with bases does occur (with the hexabioses), but the com- 
pounds formed are additive compounds. 

Since then there are a number of different hexoses, all showing the same 
general behaviour, they must have the same constitution, the differences 
being due to differences in the spatial structure. 

Theoretically, 16 active stereoisomeric aldo-hexoses are possible, and 
14 of them have been already prepared. The rotatory powers of the phenylosa- 
zones and pJienylhydrazones may be of opposite signs to those of the corre- 
sponding hexoses. 

e?-GLUC0SE (Grape Sugar, Dextrose, Starch Sugar), CeHiaOe, is an aldose fouiad in 
abundance in grapes and many other sweet fruits in company with d-fructose ; it also occurs 
in the urine of diabetic patients. It crystallises from water with IH 2 O, which it loses at 
120°, and from alcohol in the anhydrous form, melting at 146°. In aqueous solution it has 
the specific rotation + 53° at a temperature of 20°, but it exhibits muta -rotation, the 
rotatory power being about double the above value in freshly prepared solutions which 
have not been boiled. Owing to its rotatory power, glucose can be estimated polarimetri- 
cally (see later, Sugar). 

When saccharose (a dextro-rotatory hexabiose) is heated with dilute acid, it is con- 
verted into a laevo -rotatory mixture of equal proportions of glucose ( + ) and fructose or 
levulose ( — ), which bears the name Invert Sugar, the change being known as inversions 
since it is accompanied by alteration of the sign of the optical rotation. 

On oxidation, d-glucose gives d-Gluconic Acid, OH*CH 2 * [CH*0H]4*C00H, and then 
the dibasic Saccharic Acid, C02H- [CH* OH ] 4 -00211, which, like tartaric acid, gives a 
slightly soluble acid potassium salt ; the latter serves to characterise d-glucose, it being 
sufficient to oxidise with nitric acid and then precipitate the saccharic acid “with saturated 
potassum acetate solution. When reduced, d-glucose yields d-sorhitol (hexahydric alcohol). 

The sugar forms a phenylosazone, melting at 204° to 205°, and two phenylhydrazones, 
melting respectively at 115° and 144°. 

When heated above 140°, glucose is converted into caramel. 

In dilute solution it reduces Fehling’s solution in the hot, and on this reaction is based 
the estimation of glucose. ^ 

Hstimation of Glucose. In the chemical way the estimation is effected by means of Fehling s solution 
by the method described later in the section on Saccharose, about 10 grms. of solid glucose or 15 to 20 grms. 
of the syrupy product being dissolved in water, made up to 100 c.c. in a graduated flask and filtered through a 
dry, covered filter. Polarimetric estimation is not usually applicable owing to the presence of dextrin, some- 
times to the extent of 40 per cent., this increasing the rotation. The dextrin is determined by dissolving 5 grms. 
of the glucose in 400 c.c. of water, adding 40 c.c. of HCl of sp. gr. 1-125, heating for two hours on a boiling 
water-bath, cooling, neutralising exactly wUh XaOH and making up to 500 c.c. The total dextrose (including 
that formed by hydrolysis of the dextrin) in this solution is now determined by means of Pehling’s solution. 
The difference between the amounts of glucose found before and after the action of acid, multiplied by 0 0, gives 
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BarfoecI has proposed the following reaction for detecting the presence of minimal 
quantities of glucose (0-2 mgrm.) mixed with lactose, maltose, dextrin, and saccharose : 
to 5 c.c. of Barfoed s reagent (an acetic acid solution of normal cupric acetate) in a test* 
tube IS added the dilute aqueous sugar solution (about T per cent.), the mixture being 
heated on a boihng water-bath for minutes, allowed to cool for 10 minutes, and filtered. 
If the filter retains red cuprous oxide, the presence of dextrose is demonstrated. 

MANUFACTURE OF GLUCOSE. One hundred kilos of starch a:re mixed with 500 
litres of water containing 5 kilos of concentrated sulphuric acid, and the mass heated to 
40° to 50° and then introduced into a suitable autoclave or converter (conical or cylindrical, 
capable of withstanding 6 atmos.), coated internally with lead and externally with insu- 
lating material. A current of steam is then passed in and the temperature raised to 160°, 
By allowing the steam to escape after this temperature has been reached, the empyreumatio 
oils (which are of disagreeable odour) are carried away ; the steam is condensed in cooled 
coils (the heat being used to heat water). The temperature of the mass is then maintained 
at 80° until a test portion gives no blue colour with iodine and no precipitate with lead 
acetate (or potassium silicate), these being indications of the saccharification of the dextrin 
and gummy matters ; a further sign of this is the non-formation of a precipitate with 
alcohol. The duration of the heating is 3 to 4 hours. 

The mass is then decanted into the neutralisation vats, which are furnished with 
stirrers, and finely divided calcium carbonate, suspended in a large quantity of water, 
gradually added in order to neutralise and precipitate the sulphuric acid. After thorough 
mixing of the mass, it is allowed to settle and the liquid then decanted into another vessel, 
where the calcium sulphate remaining in solution is precipitated by the addition of a little 
ammonium oxalate. 

The liquid is next filter-pressed, evaporated in a vacuum to 28° to 30° Be., decolorised 
in the hot by means of dry blood mixed with powdered wood charcoal or by passing through 
vertical filters filled with the charcoal similar to those used in sugar refineries. It is then 
concentrated in a vacuum {see Sugar Industry) either to 41° to 42° Be., to give solid compact 
glucose separating in the cooling vats (fitted with stirrers), or to about 65° Be., when 
ready formed crystals of glucose are added. The temperature is lowered to 18° to 20°, and 
after 3 or 4 days the separated crystals centrifuged and so freed from the syrupy portion, 
which retains the dissolved dextrin and other impurities. To obtain granulated glucose 
the solution is concentrated only to 30° to 32° B ^. ; after 8 to 10 days in the cold, a granular 
hydrated glucose separates. 

When a very dense liquid glucose (so dense that its specific gravity cannot be deter- 
mined with the ordinary hydrometers) is required, a little dextrin is left in the sugar so as 
to prevent crystallisation. 

The theoretical yield of pure glucose from 100 kilos of dry starch is 110 kilos. 

In some factories the starch is saccharified with a little nitric acid, which gives a less 
highly coloured syrup and is more rapid in its action. The nitric acid is then eliminated 
by means of sulphurous acid, which is oxidised at the expense of the nitric acid to sulphuric 
acid, this being readily precipitable with lime. 

The advantages of transforming starch into glucose by means of hydrofluoric acid 
consist in a rapid and complete hydrolysis, ready separation of the whole of the acid as 
barium fluoride, and the production of a glucose with a pure flavour. 

In 1901 Calmette found that, after heating crushed cereals with double the amount of 

the quantity of dextrin. The acidity should not exceed 2 c.c. of normal caustic soda per 100 grms of ayrup. 
The proportion of ash varies from 0*2 to 0*7 per cent. 

Solid commercial glucose contains 65 to 76 per cent, of glucose and the liquid 35 to 45 per cent. In pure 
.solution, glucose can be estimated by means of the specific gravity : 


Density 
at 17 5*’ 

Degrees 

B^. 

Per cent, of pure 
glucose 

Density 
at 17*5° 

Degrees 

B6. 

Per cent, of pure 
glucose 

1*0192 

2 7 

6 

1*1310 

16*4 

35 

1 0381 

6 3 

10 

1*1494 

18*8 

40 

1 0571 

75 

15 

1*1680 

20*6 

45 

1*0761 

10 1 

20 

1*1863 

22*7 

60 

1*0946 

12*4 

25 

1*2040 

24*4 

65 

1*1130 

14*6 

30 

1*2218 

26*1 

60 
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1 p?r cent, hydrochloric acid for I hour at 100°, 1 hoi;r at 110®, and a third hour at 120°, 
and then cooling, the mass may be converted completely into glucose by the action of 
J/ ucedince, 

’ USES. Large quantities of glucose are coiivSiimed for making sv^eet s;vTups, caramel,^ fer- 
mented liquors, sweets and wine, preserving fruit, adulterating honey, dressing textiles, &c. 

In 1909-1910 Italy possessed 15 glucose factories, producing 676 quintals of the solid 
and 65,000 of the liquid sugar ; the total revenue from the tax of manufacture amoimted 
to £51,000, solid glucose paying 22s, and tlie liquid 16,9. per quintal. The Customs duty 
is 405. for licpiid and 645. for solid glucose per quintal. Importation is very f mall in amount 
and the exports only 300 quintals of liquid glucose. In the United States, where glucose 
is made from maize, the amount produced reached 800,000 quintals in 1907. 

In France the 16 factories working in 1908 to 1909 produced 200,000 quintals of glucose, 
about 48,000 being used in breweries while 72,000 were exported. 

England imported 46,500 tons (£462,940) of glucose in 1909 and 62,500 tons (£595,808) 
in 1910. The United States exported 90,000 tons, valued at £1,196,200, in 1911. 

The output in Germany, with about 26 factories, was as follows (quintals) : 



Solid Glucose 

Glucose Symp 

Caramel 

Piodiiced 

Exported 

Produced 

Exported 

Produced 

1897-1898 

72,000 


348,000 



1901-1902 

99,400 

28,874 

492,700 

76,800 

48,000 

1902-1903 

06,170 

12,026 

545,300 

30.620 

— 

1903-1904 

75,050 

6,113 

469,461 

13,060 

35,630 

1904-1905 

53,000 

2,890 

324,340 

10,432 

34,690 

1905-1906 

91,900 

— 

582,750 

— 

43,000 

1906-1907 

. 88,300 

— 

477,506 

— 

44,244 

1907-1908 

81,836 

[ 

466,340 

— 

48,461 

1908-1909 

87,623 

f 

1 

! 

506,600 

i 

1 

44,180 


The diminished production in 1904-1905 was due to a poor potato crop and an over- 
production of beet-sugar, the less amount exported being caused partly by enhanced prices 
and partly by increased production in other countries. 

Glucose syrup with a specific gravity of 42° Be. is sold in Italy at 485. to 525. per quintal, 
whilst in Germany, where there is no manufacturing tax, it costs about 285. ; the crystalline 
sugar costs rather more. 

^?-FRUCTOSE (Levulose, Fruit-Sugar) occurs abundantly, together with glucose, in 
sweet fruits, and is also found in large quantities in honey (which contains natural invert 
sugar). The hydrolysis of imelin (a polyhexose found in dahlia tubers) yields cl-fructose 
alone. The sugar is Icevo-rotatory and fermentable. It has the constitution of a Icetose^ 
0 K • OE 2 * • 0 H la • CO • CHg * OH, hydrolj^sis of its cyanohydrin giving the heptonic acid, 

OH • OH 2 • [OH * OHls • C(OH) • CHg • OH. 

COOH 

The plienylosazone of d-fructose is identical with that of d-glucose. 

Methylphenylhydrazine forms* osazones only with ketoses and not with aldoses, with 
which, how’-ever, it forms colourless hydrazones, these being usually soluble and hence 
readily separable from the shghtly soluble, intensely yellow osazones {see pp. 333 and 427). 

1 Caramel (or sugar colouring) is prepared by fusing and heating glucose or saccharose at a temperature of 
1G0° to 200® (not beyond this) iii an iron vessel fitted with a stirrer. To glucose 1 to 3 per cent, of soda is also 
added to accelerate the operation and to neutralise the acid formed (saccharose also yields acid, being.first partly 
inveitecl by the heating), and after the change is complete, 60 per cent, of hot water is added and the mass well 
mixed and filtered through charcoal. A brown, syrupy mass is thus obtained which is soluble m water or alcohol, 
giving a brown or yellow solution accoiding to the dilution. 

That obtained from saccharose, which does not contain dextrin and dissolves completely in 80 per cent, 
alcohol, IS used for colouring spirits, whilst that from glucose, which contains dextrin and is entirely soluble in 
75 pel cent, alcohol, is used to darken beer and vinegar. The presence of more than 5 per cent, of ash indicates 
that a caramel has been prepared from molasses ; good qualities contain only 1 per cent, of ash. 

In Germany caramel is exempt from taxation and costs about 32«. pel quintal (for the production, see above). 
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When phenyloscazones are hea.ted gently with hydrochloric acid, they lose 2 mols. of 
phenylhydrazine with formation of ofiones which contain two carbonyl groups. Thus 
phenylglucosazone yields Glucosone, OH*CH 2 * [^H*OH] 3 *CO*CHO, and this when 
treated with nascent hydrogen (from zinc and acetic acid) takes up 2H at the terminal 
carbon atom, fructose being thus obtained from glucose. On the other hand, reduction of 
a ketose gives the corresponding hexahydric alcohol, which, on oxidation, yields the mono- 
basic hexonic acid ; the latter loses water, giving rise to the lactone, and this gives the 
aldose Qn reduction. d-Fructoseis Imvo-rotatory ; [aJi) = —92^° at a temperature of 20*". 

This sugar has been suggested for the use of diabetic and tuberculous patients and as 
a substitute for cane-sugar, since it is sweeter, and in syrups and honey it hinders the 
crystallisation of the other sugars. 

In view of these uses, attempts have been made to prepare fructose industrially. Honig 
in 1895 and Steiner in 1908 proposed its extraction from endive roots and dahlia tubers 
(these contain from 8 per cent, to 17 per cent, of inuUn). The crushed tubers are treated 
in the hot (below 65°) with a little milk of lime and with steam, and are then pressed. The 
juice, after defecation with clay, is allowed to crystallise in a rotating cooler, the mass of 
inulin crystals being centrifuged, redissolved in hot water, and converted into fructose by 
means of dilute acid {see Glucose) ; the fructose solution is concentrated in a vacuum. 
Steiner calculates that the sugar can be made by this process at a cost of 1.9. per kilo. 

A characteristic, reaction for the detection of fructose in presence of other reducing 
sugars is obtained with the following solution : to a solution of 12 grms. of glyoocoll in 
hot water are slowly added 6 grms. of pure cupric hydrate, the liquid being heated on a 
water- bath for about 15 minutes until complete solution takes place and then cooled to 
60°; after 50 grms. of potassium carbonate have been added, the volume is made up to 
1 litre and the whole filtered. This reagent is reduced in the cold only by levulose (1 to 5 
per cent, solution), the time required varying from 4 to 9 hours ; other sugars, including 
the pentoses, reduce it only at temperatures above 40°. 

^2-MANNOSE, C 6 H 12 O 6 , is an aldose stereoisomeric with glucose, and is fermentable ; 
it is obtained from mannitol, the corresponding alcohol, by oxidation. It melts at 195° 
to 200°, and differs from other monoses in forming a phenylhydrazone only slightly soluble 
in water. With oxidising agents it forms first monobasic d-mannonic acid and then diliasic 
d-mannosaccharic acid, COOH • [CH • 0II]4* COOH. 

A general method for converting one hexose into a stereoisomeric one, e.g. d-mannose 
into d-glucose, is as follows : the d-mannose is oxidised to d-mannonio acid and the latter 
dissolved in quinoline and the solution boiled ; in this way the acid undergoes partial 
transformation into the stereoisomeric d-gluconic acid, reduction of the lactone of which 
yields d-glucose. The reverse change of d-gluconic into d-mannonic acid is also produced 
to some extent by boiling with quinoline, so that d-glucose can be converted into d-mannose. 
These sugars (and acids) differ only in the space arrangement of the groups united with 
the asymmetric carbon atom in the a-position, OH •CH 2 *[^H-OH] 3 *011(011) -OHO, since 
the phenylosazone of d-mannose is identical with that of d-glucose, 

OH-CHo* [CH-0H]3-C -GN- toCeHg. 

II 

N-NHCeHj 

It is this a-carbon atom, adjacent to the aldehyde group, which is influenced when a 
hexonic acid is boiled with quinoline or pyridine. 

When glucose, fructose, or mannose is treated with a very dilute alkali solution, a mixture 
of all three sugars results. The fructose seems to be an intermediate product, since the 
dextro-rotation of mannose gradually changes to a Isevo-rotation, owing to formation of 
fructose, the amount of the laevo-rotation subsequently diminishing as the fructose becomes 
converted into glucose. 

Z-MANNOSE and Z-GLUCOSE, C 6 H 12 O 6 (Aldoses), are obtained together from 1-arabi- 
nose by the cyanohydrin synthesis and reduction of the lactones of the resulting acids. 
Application of this synthesis to an aldehyde yields, in general, two optically active stereo- 
isomerides, since a new asymmetric carbon atom is created and the chances of formation 
of the two isomerides are equal. But the final mixture will be inactive only when the 
initial molecule is inactive, while, when this is optically active (as with arabinose), the 
mixture will be ‘active, as the components will not have equal and opposite activities ; 
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one of these -will have a rotation greater than that of the original molecule by a certain 
amount and the other a rotation less by the same amount. 

c^-GALACTOSE, C 6 H 12 O 6 (Aldose), is obtained by oxidising dulcitol, C6H8(OH)6, or by 
hydrolysing milk-sugar, m which case it is formed together with glucose. It melts at 168°, 
is fermentable, and exhibits muta-rotation. It is an aldose, giving cn oxidation first mono- 
basic d~galactonic acid and then dibasic mucic acid, COOH* [OH* OHJ^-CQOH, which is 
inactive. 

HEPTOSES, OCTOSES, and NONOSES have not been found in nature, but are 
prepared synthetically from mannose by means of the cyanohydrin sj-mthesis. 


GLUCOSIDES 

These are of frequent occurrence in the vegetable kingdom and, when 
heated with acid or alkali or subjected to the action of certain enzymes,' 
decompose into a glucose and an alcohol (or phenol, aldehyde, or nitrogen 
compound) ; they are hence ethereal derivatives of the monoses (e.g. 
Amygdalin, Salicin, Populin, Coniferin, &c.). 

Artificial glucosides have been prepared by E. Fischer by the interaction 
of an alcohol and a monose in presence of hydrochloric acid (which withdraws 
water). The glucosides ai^e analogous in structure to the acetals 


R-0 


/■ 


H 


^0 




+ 2 CH 3 * 0 H = H 2 O + R-CVOCHs (acetal), 

\OCH3 


but only 1 molecule of alcohol takes part in the reaction : 

OH-CH2*CH(OH)*CH(OH)*CH(OH)*CH(OH)'CHO + CHa'OH = 

y ^ a 

OH-CH2-CH(OH)*CH-CH(OH)-CH(OH)-CH(OGH3) + H 2 O. 

d 1 

GrlUCOblde 


Tho glucosides are readily resolved into their compoiientSj so that union of 
these directly through carbon atoms is excluded. The combination with the 
oxyggn of the hydroxyl in the y-positioii is deduced from analogous reactions, 
such as formation of lactones. The constitution of bioses is explained 
similarly (see later). 

According to Auld (1908) the constitution of Amygdalin is as follows : 
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OH H 
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H HOH H H 


H(J— C— C— C— C— CHa— 0— C— 0— C— C— C— CHg • OH . 
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HOH H H 


OH H 
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OH 


NC-in-CeHs 

Ciainician and Ravenna (1908) showed that, when glucosides are introduced 
into plants (maize and beans), they are absorbed and transformed without 
producing any effect, whilst the decomposition products of the glucosides 
(benzaldehyde, salicylic alcohol, hydroquuione, &o.) act as poisons. Hence 
the formation of glucosides in plants seems to have the effect of paralysing 
the poisonous action of certain substances. The same authors (1909) found 
that, when maize is made to absorb saligenin, this is partly transformed into 
its glucoside, salicin ; in a similar maimer they obtained benzylglucoside 
(1911). 
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B. HEXABIOSES 

Almost all of the bioses at present known decoin|3ose into liexoses (either 
two different monoses or 2 mols. of one and the same monose). No biose gives 
a hexose and a pentose. 

This decomposition of bioses, which is known as hydrolysis, 

Ci2H,20ii + H^O = 2GeH,,Oe, 

can be effected by boiling Avith dilute acid or by the action of enzymes ; and 
since it takes place with great readiness, it is assumed that the constituent 
monoses of the bioses are united, not between carbon atoms, but more probably 
between oxygen atoms. It would appear, however, that the hydrolysis is not 
a unimolecular reaction {see vol. i, p. 66). 

Synthetic bioses are obtained by treating, for instance, a hexose with acetyl 
chloride, the resulting acetochlorhexose, in presence of sodium alkoxide and a 
hexose, giving the acetyl derivative of a biose ; elimination of the acetyl group 
by means of soda then yields the biose itself. 

Bioses may also be obtained by the action of certain enzymes on monoses ; 
thus, Avith maltase, glucose gives isomaltose (not, as was formerly thought,, 
maltose ; p. 113). The lactase of kephir acts on a mixture of glucose and 
galactose, giving isolactose : Avith glucose alone it yields a different biose. 
Glucose and galactose may also be condensed by the action of emulsin {see 
p. 113). 

Of the hexabioses, maltose, lactose, and saccharose will be considered (fur 
melibiose, see later, under Raffinose). 

MALTOSE forms crystals of the formula C 12 H 22 O 1 X + H 2 O and is sliungly dcxtio- 
rotatory. As was seen in considering the manufacture of alcohol and of beer, it is picpaicd 
industrially from starch by the action of diastase {see pp. Ill, 112). 

Hydrolysis of maltose by dilute acid yields only d-glucosc. It gives icactions .M‘nijJar 
to those of the monoses. Thus, it reduces Fehling’s solution, and with pheiiy] hydra zinc 
forms phenylmaltosazonc, 024Hg209]Sr4. On oxidation it yields monobasic Maltobionic 
Acid, Ci2H230i2j'wkick gives S-Gluconic Acid, OH-CHs* [CH*OHh*COOH, on hydrolysis. 
Hence maltose contains only one carbonyl group and not the two corresponding with the 
2 constituent glucose molecules, the phenylosazoiie being formed Avith 2 , and not 4 , nioJs. of 
pheiiylhydraziiie, AAdiile oxidation of the sugar yields a monobasic luih not a dibasic acid. 
Hence the 2 mols. of glucose in the maltose molecule arc joined in Mich a Avay tliat^ only 
one carbonyl group remains free to exert its characteristic reactions, the other .MTving to 
link up the 2 glucose molecules. It is usual to include between bracket s tbe monose residue 
which has no free carbonyl owing to the oxygen atom of this gioup being joined to 
the other monose residue, and to place outside the brackets those monose residues 
which retain free carbonyl. Maltose would then be represented by the formula 

(CqHhOs'O) GsHiiOq. Maltose is not ferihentable directly, the maltase of yeast first 

d-glucoso d-glucose 

converting it into fermentable glucose {see p. 112). 

Isomaltose is not fermentable. 

LACTOSE (or Milk-Sugar), G13H22OU + HgO, is contained in milk (up to 5 per cent.) 
and is less sweet than cane-sugar. Its reactions arc similar to those of the monoses (redutes 
Fehling’s solution, &c.), and it yields d-glucose and d-galactos(^ on liydiolysis. It d<ies not 
ferment with beer -yeast, Avhich contains no enzyme capable of hydrolysing it. The glucose 
residue has its carbonyl free, AAdiilst the carbonyl of the galactose takes part in tlie union 
of the 2 monos emoleouleg, so that it mil be represented thus : (OeHnOs’O) O6H11O5. 

d-galactose d-glucosc 

In fact, oxidation of lactose by means of bromine water results in the formation of 
monobasic lactobionic acid, which, on hydrolysis, gives d-galactose and d-gluconic acid. 

Industrial Preparation. Unless a dairy has an average production of at least 60 to 80 
hectols. of whey per day, it is not expedient to extract the milk-sugar. The preparation is 
now carried out as follows : The whey is treated immediately after the first coagulation of 
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the cheese.^ The concentration is carried out in single or double -effect vacutiBi pans, 
similar to those used in sugar factories. Whey is passed continuously into the concentrator 
until the liquid attains a density of 80° Be. in the hot (about 60 per cent, of the sugar). 
It is then collected in iron vessels holding about 700 htres, in v^hich it is cooled by water 
circulating through a surrounding jacket. In the course of 24 hours, during which the 
mass IS well stirred three or four times, the temperature is lowered to 20°. A pasty mass 
of fine crystals then separates, with an oily layer at its surface. 

The crystals are separated by diluting the mass wfith a little cold water (g-) and centri- 
fuging, the crystals being retained in the drum of the centrifuge by means of a cloth- 
When a sufficient quantity of crystals has been thus collected in the basket of the centri- 
fuge, the mass is washed with a gentle spray of cold water, the crude, slightly ^^'ellow sugar 
thus obtained representing 3*6 to 4-3 per cent, of the whey taken. 

This crude milk-sugar contains 88 per cent, of sugar and 12 per cent, of water and 
various impurities (proteins, &c.). The liquid from the centrifuge still contains about 
30 per cent, of the total sugar (not crystallised but forming a syiup). This liquid, which 
usually has a density of about 15° Be., is heated to boiling by direct steam in a vessel 
with a flat, perforated false bottom, the albumin being thus coagulated. After half an 
hour’s rest, the albumin collects as a compact Ia;^W at the surface, the liquid being then 
drawn off from below so as to leave the cake of albumin on the false bottom ; this is 
removed, pressed in bags, and given to pigs or mixed with white flour to make bread. The 
albumin-free liquid is concentrated in vacuum pans to 35° Be. (measured in the hot) and 
allowed to cool for several days, with occasional stirring, in iron vessels. This procedure 
yields a dark pasty mass of the crystalline sugar, which is collected by dinting with a 
large quantity of cold water and centrifuging as before ; this sugar amounts to 0*3 to 0 7 
per cent, of the original quantity of whey. 

The mean yield of crude milk-sugar is 4-3 per cent, of the whey (the maximum of 4'8 
per cent, being obtained in winter and the mmimum of 3*9 per cent, in summer). 

The liquid from the second crystallisation and centrifugation is not treated further, 
unless by osmosis ; it is preferably utilised as cattle-food, as it is rich in potassium salts, 
nitrogen, and phosphoric acid. 

The crude sugar is either dried and placed on the market or subjected to a refining 
process. If left in heaps, it deteriorates to some extent. 

The refining is carried out as follows : The sugar is dissolved, in an open boiler mth a 
double bottom (heated by indirect-fire heat), in w^ater at 50°, the liquid being well stirred 
so as to obtain a solution of 13° to 15° Be. (24 to 27 per cent, of sugar). A little bone-black 
and about 0*2 per cent, (on the weight of sugar) of acetic acid are then added, and the 
heating continued until the boiling-point is approached, when magnesium sulphate (about 
0*2 per cent.) is added and the liquid subsequently kept boihng for a few minutes. The 
mass suddenly froths very considerably (if necessary, the steam-cock is closed ; the boiler 
should not be too full initially) and the temperature rises to 105°. The charcoal decolorises 
the liquid and absorbs unpleasant flavouring substances, while the albumin is coagulated 
ill large flocculent masses (by the acetic acid) and the phosphoric acid is precipitated by 
the magnesium. The hot liquid is filter-pressed, and the solid residue, after being washed 
with water and treated with a suitable amount of sulphuric acid, constitutes an excellent 
nitrogenous superphosphate. The clear liquid from the filter -press is concentrated as 
usual in vacuo to 35° B6. in the hot (65 per cent, of sugar), the formation of froth being 
prevented. It is then crystallised, and when the maximum quantity of crystals has sepa- 
rated, these are separated by centrifuging, giving first 'product. After subsequent concen- 
trations of the mother-liquor, second and thii'd products are obtained. These three products 
together amount to about 3 to 3*5 per cent, of the original quantity of whey ; they may 
be kept separate or mixed and then recrystallised. 

To obtain the sugar in the very white powdery form in which it is now £old, the refined 
product (first, second, or third) is dissolved in hot water to give a solution of 15° B4., which 
is boiled and, after a little aluminium sulphate (0*1 per cent.) has been added, filter -pressed, 
the clear watery filtrate being concentrated to 32° Be. It is then crystallised in copper 
vessels, centrifuged, and dried in revolving inclined drums round which hot water passes. 

It is dry when it no longer adheres on compressing between the hands. The cold sugar 

^ Dames not producing suflacient whey simply purify it by boiling with acid whey to coagulate the albumin 
and filtering. It is then despatched to works which treat it further. 
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is grornid and sieved to an impalpable powder. The average yield over the whole year 
IS 2-5 kilos of the powdered sugar per 100 litres of whey. This powder should be left in 
open vessels for some days, as, if packed immediately, it develops an unpleasant miell 
{which, however, it loses if spread out m the air). 

To obtam the sugar in masses of aggregated crystals, solutions of the gravity 21° to 24° 
Be. are crystallised in wooden vessels containing numbers of small wooden rods ; the 
crystallisation sometimes occupies as much as a fortnight, and a liquid of 13° Be. remains 
which can be concentrated anew. 

The albumin separated when whey is boiled contains, after pressing, about 60 per cent, 
of water and 40 per cent, of dry matter composed of 17 per cent, of protein substances, 
11 per cent, of milk-sugar, 2*3 per cent, of fat, 5 per cent, of ash (one-half of which is 
insoluble in water), and 1*7 per cent, of lactic acid. 

The final mother -liquor, or lactose molasses, is brownish black, and contains about 
73 per cent, of water, 6 per cent, of ash (two-thirds soluble in water), 0*10 per cent, of fat, 
0*6 per cent, of nitrogen, T5 per cent, of acid (calculated as lactic acid), and 22*5 per cent, 
of substances which reduce Fehhng’s solution (calculated as milk-sugar). 

The milk-sugar industry has undergone considerable development in Italy during 
recent years, the exports increasing from 446 quintals (£1516) in 1903 to 3087 quintals 
(£11,113) in 1905, and then falling to 137 quintals in 1910. 

In 1905 Germany imported 2800 quintals (£13,300) and exported 5485 quintals 
(£28,800), while in 1909 the imports were only 135 and the exports 1650 quintals. 

The price varies from 685. to 965. per quintal. 

Tests for Milk-Sugar. Adulteration with mineral substances is recognised by the ash 
exceeding 1 per cent, in amount. When dextrin is present, this does not dissolve in alcohol, 
while the presence of glucose or saccharose (even as little as 2 per cent.) is indicated by 
evolution of carbon dioxide from a 10 per cent, solution of the sugar mixed with a little 
fresh beer-yeast and kex)t at 20° to 30° for 2 days ; the mvertase present in the yeast 
inverts the saccharose, which then ferments, but it does not break down the lactose, which 
consequently does not ferment. It is also found that when the Bulgarian ferment {Bac- 
terium hulgaricum) acts on a mixture of saccharose and lactose, the latter alone is destzoyed. 


SACCHAROSE (Sucrose, Cane-sugar), CigHgaOji 

Saccharose may be regarded chemically as the condensation product of 
two hexamonoses, glucose and fructose, -which are generated by hydrolysis 
with dilute acid. The characteristic reactions of the monoses are lacking 111 
saccharose, which does not reduce Fehling’s solution, form osazones, or turn 
bro-wn when treated -with caustic soda solutions. It must therefore be assumed 
that the saccharose molecule contains no free carbonyl group (aldehydic or 
ketonic), the two such groups in the two monoses being annulled in the con- 
densation. This is seen clearly from the following equation, in which a con- 
stitutional formula with the lactonic groupings so common to these substances 
(see p. 428) is attributed to saccharose : 

, 0 1 

I 

OH- CHj- CH(OH) • CH- CH(OH) • CH(OH) • OH 

A +H-OH = 

OH • CHa- OH • CH(OH) • CH(OH) • A- CHa- OH 

0 1 

Saccharose 

OH-CHa-[CH-OH],-C<( + OH-OHa- [CH-OHla-CO-CH, OH. 

Glucose fructose 
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The rational formula {see Maltose) of saccharose will hence be : 

(CsH,,Oe-0-C,HjA). 

Saccharose and the bioses generally are not changed by the direct action 
of alcoholic ferments or of the majority of enzymes, so that they cannot be 
converted immediately into alcohol and carbon dioxide, as is the case Avith the 
hexoses. In order that alcoholic fermentation of cane-sugar may take place, 
it is necessary that the sugar should be first inverted by the invertase — almost 
always present in yeasts — into fermentable glucose and fructose. Hence, 
yeasts which contain no invertase cannot ferment saccharose. Saccharomyces 
octosporus, for instance, leaves this sugar unchanged, although it ferments 
maltose, owing to the presence of maltase, which hydrolyses the maltose to 
glucose. 

It has already been mentioned that saccharose is readily hydrolysed by 
heating with a minimal quantity of a dilute mineral acid, and that this hydro- 
lysis is known as inversion {seep, 4:33) because the dextro-rotatory saccharose 
([«]d = + 66*5®) is changed into a leevo-rotatory mixture of equal proportions 
of glucose and fructose {invert sugar). The velocity of inversion, s, is proportional 
to the amount of cane-sugar present in the solution at any moment, and is 
hence expressed hy s ~ h {p — x), where p is the quantity of the original sugar 
and X that which has already undergone inversion. The inversion constant, h, 
varies with the nature of the acid employed and is proportional to the degree 
of electrolytic dissociation of the acid, the rate of inversion increasing with 
the number of free hydrogen ions. It is, indeed, possible to determine the 
ionic concentration of an acid solution by means of the velocity of inversion, 
or the amount of reducing sugar formed in unit time, in a saccharose solution 
of definite concentration. In the cold, sulphurous and carbonic acids have 
scarcely any inverting power. 

Saccharose melts at 160° and, on solidification, forms an opaque, amor- 
phous, glassy mass, which then crystallises in inclined monoclimc or rhombic 
prisms with blunted angles ; at a higher temperature it caramelises to a 
brown mass with evolution of gas {see p. 435). It has the sp. gr. T5813. 

One part of water dissolves 2-5 parts of saccharose at 0° and 4-5 parts at 
100°. It is almost insoluble in absolute alcohol or ether, but dissolves slightly 
in methyl alcohol. It readily forms supersaturated aqueous solutions, which 
then rapidly deposit anhydrous crystals ; this phenomenozi is utilised in its 
industrial preparation. 

Cane-sugar forms compounds {sucrates) with inorganic bases ; thus, with 
lime it forms (1) Monocalcium Sucrate, C 12 H 22 OH, CaO, 2 H 2 O, soluble in 
water, (2) Dicalcium Sucrate, 2CaO, also moderately soluble 

in water, and, on heating a solution of either of these compounds, 
(3) Tricalcium Sucrate, 3CaO, SHgO, insoluble in water. 

The manufacture of cane-sugar is described later. 

A sensitive reaction for the detection of small quantities of sugar is indi- 
cated on p. 447. 

Pozzi-Esoot (1909) has devised a still more sensitive reaction for the sugars : into 
a test-tube are introduced 2 c.c. of the aqueous solution, 1 c.c. of 5 per cent, ammonium 
molybdate solution and, after mixing, 10 to 12 c.c. of concentrated sulphuric acid, which 
is poured carefully down the side of the tube. The formation of a blue ring within 20 
minutes indicates the presence of more than 0*0005 per cent, of sugar ; and if the blue ring 
appears within 30 minutes when the upper part of the liquid is heated to boiling, the 
solution contain^ at least 0*00002 per cent, of sugar. 
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C. TRIOSES 

RAFFINOSE, CisHggOig + SHgO, forms pointed crystals and has a very 
high rotatory power ([a]^ = + 104-5°), and since also saccharose containing 
raffinose exhibits pointed crystals and an increased rotation, raffinose is known 
in Germany as S^itzenzucher or Pluszucker. It is a hexatriose, and when hydro- 
lysed takes up 2 H 2 O, giving equal proportions of d-glucose, d-fructose, and 
d-galactose. By restricting the hydrolysis, most suitably by effecting it with 
enzymes, an intermediate stage may be realised, consisting of d-fructose and 
melibiose (isomeric with lactose), which is subsequently resolved into d-glucose 
and d-galactose. Raffinose is found together with cane-sugar in the sugar-beet, 
its amount varying with the season. In the manufacture of saccharose, it 
accumulates in the molasses and often occurs abundantly in the sugar extracted 
from beet-molasses by the strontia process ; in the final syrup from this treat- 
ment it occurs sometimes to the extent of 20 per cent. Raffinose does not give 
the reactions of the monoses (reduction of Fehling’s solution, &c.), and hence 
contains no carbonyl group, its rational formula being 

(OeHnO,- 0)- (CeHioO,- 0 • 

Galactose Glucose Fructose 

Melibiose, which, like lactose, exhibits the reactions of the monoses and contains 
a carbonyl group, is represented thus : (CgHnOs* 0) • CeHnOg. So that raffinose 

Galactose Glucose 

usually decomposes first at the point where a carbonyl group occurs (between 
glucose and fructose) ; otherwise it would yield a biose without a free car- 
bonyl group. Recently, indeed, Neuberg (1907) has shown that the action of 
emulsin on raffinose gives galactose and cane-sugar (which does not give the 
monose reactions), this decomposition thus occurring at the opposite end of 
the molecule. This observation supports Herzf eld’s hypothesis that in the 
beet raffinose is formed from saccharose and galactose, the latter originating 
in the decomposition of pectic substances, possibly by the action of an anti- 
emulsin. 

In presence of saccliarose and invert sugar, raffinose may be determined quantitatively 
by the optical method described later (yaccharimetry), or by the method devised by Ofner 
(1907), who extracts the whole of the raffinose with pure methyl alcohol, evaporates the 
alcohol, hydrolyses the remaining syrup for 3 hours on the water-bath with 3 per cent, 
sulphuric acid, and then precipitates the galactose as methylpheiiylhydrazonc, which is 
quite insoluble and can be easily w’-eighed ; the corresponding weight of raffinose can then 
be calculated. An exact determination of raffinose in sugar, which almost always contains 
less than 0*5 per cent, of it, is very difficult. The presence of raffinose in small propor- 
tion in saccharose is regarded as probable if the ratio between non-sugar and ash is less 
than T5* 


INDUSTRIAL PREPARATION OF SACCHAROSE ^ 

Saccharose is contaiuedin varying quantity (5 to 20 per cent.) in different 
vegetable organisms. For instance, the sugar-cane {Sacchamm officinarum) 
gives 15 to 20 per cent. ; the beetroot (Beta vulgaris), 7 to 17 per cent. ; Sorghum 

i History of Beet*sugfar. Ttie first saccliarme material worked and utilised by man as food was probably 
honey. The sugar-cane was known to the ancient Chinese, the Indians, and also the Persians and Arabs two 
hundred years before Christ and only later was it introduced into Egypt, Greece, and Sicily ; the medicine-men 
of this epoch employed eane^juice and honey as medicine. In the seventh century sugar in the solid form was an 
article of commerce, and in the eighth century the Persians extracted it from the sugar-cane and prepared it in 
cakes ; after the ninth century, the cultivation of the cane was extended by the Arabs to Egypt, Syria, Ciete, 
Sicily, and Spam. In the fifteenth century, the Portuguese introduced the culture into Madeira and Brazil, while 
the Spaniards carried it to the East Indies and the Canary Islands, and the Butch to Java and Guiana, At the 
present time the sugar-cane is largely cultivated in Cuba, Java, Manila, Martinique, Jamaica, Louisiana, Brazil, 
Peru, China, Japan, India, Egypt, and part of Australasia. In Europe it is grown to a small extent only m Spam. 

In 180S, when Prance and the allied nations established the Continental blockade against England (lasting 
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saccJiaratum, 7 to 12 per cent. ; the pineapple, 11 per cent. ; strawberries, 

5 to 6 per cent. ; maize stems, sugar maple, &c., also contain small proportions 
of saccharose. Most sweet vegetable juices, however, contain glucose (grape- 
sugar) and levulose. The plants employed industrially for the extraction of 
sugar are the maple, sugar-cane, and beetroot. Unsuccessful attempts have 
been made with maize stems, which contain as much as 14 per cent, of sugar 
when the unripe heads are cut ; but the sugar extracted sometimes contains 
12 per cent, of invert sugar and other impurities. 

I. ACER SACCHARINUM NIGRUM (Sugar Maple), which is largely cultivated in 
North America, is a tree requiring about 20 years to attain its maximum height of more 
than 9 metres and diameter of bole of 80 cm. In February, March, and April, three holes are 
made at different points (east, south, and west) with an iron borer ; these holes penetrate 
to a depth of 1 cm., so as to pierce the bark, and are about 40 cm. from the ground. Into 
each hole is placed a hollow elder stem, which discharges the juice during a period of 5 to 

6 weeks. The following year the holes are made on the other side of the trunk. In this 
way a maple yields 120 to 130 htres of juice containing about 3 kilos of sugar. The juice 
must be worked up each day, as it soon undergoes alteration ; the method of treatment 
is similar to that used with beet- juice. 

In 1880 North America produced 54,000 quintals of maple-sugar, while in 1904 the 
outjjut amounted to 120,000 quintals. 

II. THE SUGAR-CANE is the principal source of Colonial sugar. 

It is a j)lant {Sacchanm officinarmn. Fig. 286) which has been cultivated from the 
most remote times in India, -Persia, and Arabia, whence it passed into Egypt and Greece. 
At the time of the Normans it was cultivated in Sicily, and from there it was introduced 
in 1420 into Portugal and Sixain, and thence into the West Indies ; the Dutch carried it 
to the East Indies, where its development was very rapid. At the present time it is culti- 
vated most widely in Cuba, Porto Rico, San Domingo, Havana, Brazil, and the East 
Indies (Bengal, Java, and the Philippines). In Mexico 450 quintals of cane per hectare aro 
obtained, hut the culture is primitive and the industry rudimentary. In J ava a hectare 
of land yielded 680 quintals of cane in 1893 and an average of more than 1020 quintals in 
1910. At Hawaii the yield was 600 quintals in 1895 and 835 in 1910. At Cuba as much 
as 1250 quintals per hectare are obtained, but even this amount, and also the 10 per cent, 
yield of sugar, might be still further increased. 

The plantations are made with shoots from the living i^laiit (obtained from seed), 
these being placed about 1 metre apart and weeded after 4 to 5 months. The cane begins 


until IHl 1) and Iho supply of colonial sugar furnislicd by England to the whole of Europe hence failed, attempts 
were made to discover a subbtitute for cane-sugar. 

As eaily as 1705 the I’rcnch agrlcultmist, Olivicr de Sorres, had obRcrvc*d that the beet contained a consider- 
a))l(‘ propoition of sugar, and m 1747 the Berlin pharmacist, Sigismund Marggraf, attempted the cxtiaction of 
the sugar, obtaining a yield of 6 per cent ; but at that time it could not compete with the much cheaper colonial 
bug<ir. Call Achaid, a pupil of Marggraf, after twenty years of experimental work on the selection of the best 
qualities of beet, dc., erected a factoiy for the manufacture of beet-sugar at Kunern, m Silesia (1801). But it 
was not found possible to extract more than 3 per cent, of crystalline sugar, which did not cover the expenses, 
so that the factory was closed. Achard, however, continued to perfect his process, and when the Continental 
blockade produced in 1811 a tenfold increase in the price of sugar, several beet-sugar factories Were sorted in 
Germany ; but these were still so imperfect that they were obliged to suspend operations when the blockade 
ceased. At this same time Kapoleon I induced the most eminent scientific and technical men in France to apply 
themselves to this problem, and the extraction processes were rapidly improved, machines being devised for 
laspmg and pressing the beets. With the introduction of the use of steam for concentrating the juices and 
of granulated bone-black for decoloration, beet-sugar began to compete seriously with colonim sugar, even 
aftei tlie raising of the blockade. In 1828 there were indeed 58 large and flourishing factories inFmnce, 
nroducing annually 300,000 quintals of sugar. Napoleon 1 had distributed in prizes to encourage this 
Iho sum of X40,000 and had himself erected four factoues and brought 32,000 hectares of land under beet 


111 Gounauy the sugar industry vas started again in about 1836, especially m the neighbourhoi^ of Itog- 
deburg, where a fortunate choice was made in the quality of heet employed, the lot of the a^iculti]rist--at that 
time depressed owing to poor gram crops — being thus greatly ameliorated. The further development of this 
industry was favoured by protective duties imposed by the Government, m France until a few^ars ago 
and m Germany and Austria, where the prosperity of the sugar factories is continuaHy increasing. The industry 
then developed in Belgium and Russia, while m Italy it was initiated only towards the end of the last century. 
In England the cultivation of the sugar-beet has been attempted, apparently with success, on a small scale only 

in^iss's the world’s production of beet-sugar already amounted to 1,500,000 tons, and in 1900 Ceidral Europe 
alone produced 8,500,000 tons. During the same lapse of time the output of cane-sugar increased only from 
1 j to millions of tons, 
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to sprout in 12 months and requires a further 6 months to mature, •when it has a yellowish 
colour and is 3 to 6 metres high and 4 to 6 cm. in diameter ; it sometimes reaches a weight 
of 9 kilos. 

The stem and roots of each plant will yield cane for twenty consecutive years without 
renewal. The negro labourers remove the head (used for cattle-food) from the cane with 
a blow from a scythe, and with another sever the cane at the base ; the leaves (used for 
thatching) are then removed and the cane worked up each day, as it rapidly ferments if 
left in heaps. The omnivorous ant is the enemy most feared by the planter. At one time 
the bundles of cane were crushed in a primitive mill formed of three vertical cylindrical 

tree -trunks, shod with iron and 
worked by water-wheels or horses. 
But nowadays use is made of three 
horizontal cylinders, the distances 
between which can he regulated so 
as to vary the pressure (Fig. 287). 

The liquid thus expressed is 
termed raw juice, and the woody 
residue bagasse or megass. After 
the cane has been pressed, it is 
moistened with water and again 
pressed (it contains then 4 per 
cent, of sugar and 45 jier cent, of 
water), and then dried and burnt 
as fuel. In Mexico bagasse and 
the leaves of Henequen plants are 
now used for the manufacture of 
spirit. The total juice, including 
that from the second pressing, 
forms about 90 per cent, of the 
weight of the cane and contains 
15 to 19 per cent, of sugar. In 
the East Indies, owing to irrational 
methods of working, more than 
one -half of the sugar is lost, whilst 
in Brazil, where imiiroved pro- 
cesses are in use, more than 60 per 
cent, of pure sugar is obtained.^ 
Ill North America the diffusion 
process has been introduced, and 
the loss of sugar reduced to less 
than 20 per cent. ; diffusion has 
Fig. 286. s^lso been tried in Brazil, but was 

I abandoned owing to its expense, 

especially as regards fuel* Treatment of the fresh juice with a considerable amount of 
sulphur dioxide is often employed to prevent the ready fermentation which otheiwi?-C 
occurs. Attempts have also been made to decolorise with sodium hydrosulphite. 

1 The following information has teen furnished by Alberto Bianchi, who has visited various cane-sugar factories 
in South America. The most important centres in South America for the production of the sugai-cano arc : in 
Biazil, the States of Pernambuco, Bahia, Rio de Janeiro, and San Paulo, and, in a less degree, Maccio and 
Maranhao ; in Argentine, much cane-sugar is produced m the northern provinces, especially m Tucuinan. The 
varieties of cane most widely giown in Brazil are cana manteiga and cam preta, which have been imported 
from Ja\a and Haiti and yield from 10 to 17 per cent, of ciystallisable sugar. The works are elected in the 
plantations, and the moio primitive ones, in which the juice is still concentrated under the ordinary pressuic, 
aiecallcd whilst those furnished with modem machinery and multiple-effect vacuum plant aio termed 

Usmas 

In the Mngenhos, the bioken cane is crushed between wooden rollers worked by oxen or horscH. When the 
Juice IS not defecated, it is concentrated in large copper pans heated by direct fire, and is then left to crystallise 
in wooden vessels, the molasses being subsequently decanted off and the crystalline mass placed to drain m barrels 
with peiforated bottoms. When defecation is employed, the juice is boiled with lime and skimmed several times, 
the defecated jmcc then passing into a series of two or three pans, each lower than the preceding one ; in the 
last of these the desired concentration is attained. The sugar thus obtained is always moist, owing to the residual 
molasses, and \arics in colour from yellow to brownish black ; the yield is less than 6 per cent. 

In the Vsinm, where the jield may amount to 10 to 11 per cent, (by the wet process, or 7 to 9 per cent, by 
the dry process, or 6 per cent, when the cane is pressed in a single pair of rolls), the canes are pressed between 
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Even recently cane-sugar constituted about one-ha^f of the total sugar produced, but 
jt IS nearly all consumed where grown in a more or less refined condition, whilst a very 
large trade is done in beet-sugar in a highly refined form, and in some cases this sugar 
competes with cane-sugar in districts where the latter is produced. The output of cane- 
sugar in Cuba alone was 700,000 tons m 1898 and 1,050,000 in 1904. In order to encourage 
the cultivation of the sugar-cane, the United States Clovernment have instituted a system 
of bounties (as much as II 5 . per quintal), and in 1910 paid £13,800,000 in this way ; in 
addition to this there is a protective duty of 24, per quintal on the sugar, this lieing paid 
by the consumer. In the East Indies the production increased to 2,166,000 tons in 1904. 
(The European output of beet-sugar is about 8,000,000 tons per annum.) 

Cane-sugar molasses is of value owing to its agreeable flavour and smell, and it is 
therefore converted, hy fermentation and distillation, into rim, that of Jamaica being 
especially renowned. 

III. The BEETROOT was formerly an annual, but became changed by selection into 
a biennial, giving flowers and fruit (or seeds) only in the second year. Different varieties of 
Beta mlgaris or Beta maritima 
(Linnaeus) are now grown. The 
original wild varieties contained only 
5 to 6 per cent, of sugar, but after 
careful and repeated selection during 
a period of 25 years, varieties have 
been obtained which, under the most 
favourable conditions, contain as 
much as 18 per cent, of sugar.^ 

Nearly all of the best varieties 
now cultivated are derived from the 
Klein -Wanzlohen. The shape of the 
root is of considerable importance. 

Thus, the rounder beets are generally 
rich in sugar but give a small crop ; 
roots of oblong and swollen form 
crop well but are poor in sugar ; 
whilst fusiform roots which are not 
too smooth and have little top and 
three pairs of double rollers by hydraulic pressure, poorer jmce (wet process) being gradually sprayed on to the 
paitially pressed cane ; the pressed cane is used as fuel. The juice, with a density of 5“ to 10° , is pumped 

to the sulphitation tanks (sulphur dioxide or calcium bisulphite is used ; but this is not done in all factories) and 
thence passes to copper vessels with spherical bottoms and holding 2000 to 4000 litres. In these it is defecated 
with milk of lime, being heated by steam coils and skimmed once or twice. After carbonation, the juice is tians- 
ferred to other vessels of about the same siae as the former ones and placed at a lower level j ni these it is again 
boiled and skimmed It is next removed to the depositing tanks and, after some hours, is pumped to the triple 
effect vacuum concentrators, from which it passes at 23° to 26° B6. to copper boilers of 2000 to 4000 litres capacity 
(clarifiers), where it is boiled by means of steam coils for about half an hour — until it ceases to form scum (which 
IS removed). The juice is next boiled in a vacuum apparatus, in which crystallisation commences ; the subse- 
quent treatment and refining of the sugar are carried out as in beet-sugar factories (see later). 

In many factories, the yield of white, first-jet sugar is increased by decolorising the juice, not by sulphitation, 
but by the addition of (jsodium JiydrosulpMe) in the proportion of 300 to 500 grms. per ton of sugar ; 

this is added partly to the clarifier and partly to the concentration vessel. 

It IS calculated that the cost price of cane-sugar in the factory, without reckoning interest on capital, is 15s. 
per quintal in Java, 18s. in Cuba, and 25s. in Hawaii. 

^ Achard himself recognised varieties of the beet best adapted for the manufacture of sugar, but it was V ilmonn, 
in France, who in 1856 rationally selected the first variety rich m sugar (Vilmonn’s white) by repeated repro- 
duction of the roots with the highest saccharine content ; this he arrived at by imrnersmg the roots in saline 
solutions of different concentrations so as to determine their specific gravities, from which he deduced the content 
of sugar. Later, however, Scheibler showed that there is not always proportionality between the specific gravity 
and saccharine value. 

In Germany, more rigorous methods of selection were introduced by Rabbethge and Giesecke (1862), who 
analysed selected beets cut into portions and determined, not only the richness in sugar, hut also the purity of 
the juice polanmetrically. Kuhn then improved the selection still further by microscopic examination of the seeds. 

Choice of seed is of great importance and seed should he obtained only from reliable firms ; a saving of a few 
shillings in buying seed sometimes involves serious losses. 

Special preparation of the seed (shelling, impregnation, &c.) does not appear to have any practical value, 
but, on the other hand, Briem (1910) states that repeated selection and adaptation to the new intensive culture 
methods is able to produce in 20 years an increase m the mean saccharine content from 14 to 19 per cent., besides 
an increase m the weight of the beets owing to the roots becoming accustomed, to more energetic fertilisers. 

There are now numerous varieties of beetroot known by the names of their producers or of the places where 
they were first selected Among such varieties the best are the Klem-Wanzleben, Bippe, Kuhn, Braune, Vil- 
monn, ; these can be distinguished, although not always readily, by the shape of the roots and leaves and 
by the saccharine content. 
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tail (waste products of the sugar factory) are the ones preferred by tlie agricnllnrists 
and manufacturers {see Fig. 288). _ 

Value attaches, besides to the shape, also to the specific gravity, and still more to the 
sugar-content. Fig. 289 shows the saccharine content of the various zones composing the 
beetroot. It will be seen that the richness in sugar diminishes fiom the centre to the peri- 
phery, and especially to the top and tail, which also give the more impure juices. 

Beetroots for fodder or for domestic purposes are yellow or red, but those selected for 
sugar are white, and any variegation or colouring with the original tint indicates faulty 

selection and degeneration or reversion 
to the primitive type. Boots with few 
leaves or with long stems are poor in 
sugar, and denote that the soil is of a 
character not adapted to their cultiva- 
tion.i 
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The proportions of the principal components of the beetroot vary between the following 
limits (percentages) : water, 75 to 86 ; sugar, 9 to 18 ; cellulose'and lignin, 0-8 to 2-5 ; 
nitrogenous (protein and amino-) substances, 0*8 to 3 ; fat, 0*2 to 0*5 ; mineral matter 
(potassium and other salts), 0-2 to 2. Other and less important components of the beet 

1 Beet Cultivation. Sandy or veiy compact (clayey) soils are not suited to the growing of beet. I'lu* most 
suitable are medium soils which can be worked to a considerable depth (35 cm ) in the simmer months. In 
Italy, where the rain is not so well distributed as in Central Europe, it is necessary to sow eaily in order to avoid 
the excessively dry season. 

Fertilisation should be abundant, since from a hectare of soil beets remove annually as much as 120 kilos of 
potash (KoO) and 52 of phosphoric anhydride. Stable manure serves well as ilic' fimdu mental fertiliser, but 
the sugar manufacturers require the farmers to apply it m the summer, duiijig tilling, and 
not in the spring; any large use of nitrogenous manures is inadvisable. According to 
Stoklasa (1910), the most suitable manuring for beet is obtained by a lat-ional application of 
nitragin (see vol. i, p, 302) As supplementary fertilisers, superphosphate (about 4 qumtalb 
per hectare) and sodium nitrate (1 to 1 5 quintal per hectare) aie largely used. To ascertain 
if a soil requires also potash (kainit, camallite, chloride, d'C ), the presence or absence of potas- 
sium salts in the drainage water is determined by analysis. In general, however, 1 5 to 2 
quintals of potash fertiliser are employed per hectare, amce beet takes about 160 kilos of 
potash from the soil every year. But in all cases these chemical feitilisers should be adminis- 
tered at intervals prior to May, as otherwise the sugar manufacturei may refuse t,he roots 
owing to the excessive amount of salts in the 3uice ; not only is the latter rendered more 
impure but the salts, especially chlorides, prevent the crystallisation of part of the sugar. 
Inigation is inadvisable and, in some cases, is prohibited. A large area of soil in the pro- 
vince of Magdeburg became infertile owing to the repeated cultivation of beet, but it 
recovered its original fertility after the discovery of the deposits of potassium salts at Stassfurt. 

In sowing (which is carried out between the beginning of March and the middle of Apr il, 
with a drilling machine giving rows 36 to 40 cm. aparti), excess of seed is always used, so that 
after the plants have begun to grow, 15 to 16 per sq. metre may remain. The roots them 
attmn an average weight of 600 to 600 grms. (isolated beets sometimes weigh 4 to 5 kilos) 
and, under favourable conditions, a hectare yields 300 to 400 quintals of beet (in Feirarese as 
much as 600 quintals are obtained, while in the other Italian provinces the average is about 
300). If sowing is delayed too long, the roots do not mature well but remain acid and give 
very impure jmce. 

Clrowth bcgms 5 or 6 days after sowing, and when the seedlings are a few centimetres high 
women and children proceed to thin them out with ordinary hoes, just as is done with maize Later on the 
ground is hoed several times to remove weeds and to keep the soil sweeter in the warm weather. 
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EVALUATION OF SUGAR BEETS 

are: glucose, raffinose, organic acids (oxalic,^ malic, tartaric, citric, malonie, succinic, 
glutaric, gluconic, tricarballylic), amido- and amino-compounds (leucine, asparagine, 
betaine, tyrosine), gums, pectie matters, coniferin, &c. 

The value of the beets was formerly arrived at by measuring the density of the juice 
with the Brix densimeter, but the results varied considerably with different varieties of 
beet and also from other causes. It is usual nowadays to determine the quantity of the 
sugar in the juice by means of the polarimeter (e.gr. the Soleil-Yentzke-Scheibler or, better, 
the three-field instrument of Schmidt and Haensch ; see later). 

A sample of the beets arriving at the factory is obtained by allowing fifty to fall into 
a basket while the waggon is being unloaded, placing the fifty in a row and taking the 
alternate ones, repeating this operation on the 25, and of the 12 thus obtained choosing 
one small, one medium, and one large. From each of these three, a longitudmal portion 
is removed by means of the Pellet ras^p, which gives directly a homogeneous paste, the 
juice being expressed from this 
by a hand-press (Fig. 291). Of 
the well -mixed juice, 26-048 grms. 

(the normal weight of the polari- 
meter ; see later) are introduced 
into a graduated 100 c.c. flask, 
which is filled to the extent of 
about two -thirds with water and 
5 c.c. of basic lead acetate solu- 
tion ; after the flask has been 
well shaken, one or two drops of 
ether are added to remove the 
froth, and the solution made up 
to volume with water, filtered 
through a dry filter, and read in 
the polarimeter in a 20 cm, tube 
{see later). 

At the same time the Brix 
densimeter is used to determine 
the density, so that the quantity 
of non -saccharine substance {non- 
sugar) and the purity may be 
estimated. The quotient of j’ig. 291. 

purity is obtained by multiply- 
ing by 100 the ratio between the true sugar- content and that (greater) indicated by the 
densimeter. 

The sugar may also be determined by direct extraction for 2 hours in a Soxhlet appa- 
ratus {see p. 374) of 26-048 grms. of the beet pulp, mixed with 3 c.c. of basic lead acetate 
solution, with 75 c.c. of 90 per cent, alcohol. The alcoholic sugar solution is cooled, made 
up to 100 c.c. with water, filtered through a dry filter, and polarised in a 20-cm. tube. 
A very sensitive test for indicating if all the sugar has been extracted from the pulp in 

If the season is a wet one, the roots are late in maturing (end of September or, in Germany, end of October) 
and are poor in sugar, and have soft tissues which readily give up their juice. In Itnly, harvesting takes place 
normally in August, or, in some cases, earlier than this. 

When the beets are ripe the leaves dry somewhat and, if the roots are not dug immediately, in warm climates 
new leaves may be formed to the detriment of the sugar-content. On this account the factories are arranged 
so that they can deal in a short time with the whole of the crop. The harvesting is carried out in several portions, 
since the manufacturer requires roots not more than 3 to 4 days old, alteration occurring on storing. 

Beets which have flowered prematurely (in a cold spring or a very dry season) are hard and difficult to exhaust 
and the manufacturer demands that such plants should be pulled up or, at least, that the flowering shoots should 
be suppressed. Putrefaction of the roots, besides injuring the quality and quantity of the crop, sometimes damages 
a large part of the beet. Among the various insects injurious to the beet is one which destroys the feeble plants. 

In soil which is worked insufficiently and not deep enough, or is treated too late with stable manure, the beets 
tend to form bifurcated roots and so give an increased amount of waste, which is not paid for by the manufacturer. 

lu Italy, contracts are made on the basis of Is. 7d. to 2a. per quintal for beets without roots and tops (Pig, 
290), la. 9d. being paid if they are delivered in the first half of August and sometimes only la. id. if in October. 
Some Italian sugar factories have succeeded in making contracts on the basis of the percentage of sugar present, 
as is often done in other countries. 

The manufacturer usually deducts 5 per cent, or, in exceptional cases, more, on account of admixed stones, 
soil, <fec. As a rule, roots containing less than 9 per cent, of sugar are not accepted. . ^ 

A few years ago the proposal was made that the dried leaves of the beet should be utilised as foddei^pf which 
Germany alone could produce £8,000,000 worth annually. 
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the two hours consists in adding to a couple of drops of the last drainings from the Soxhlet 
apparatus 2 c,c. of water and 5 drops of a fresh *20 per cent, alcoholic a-naplithol solution, 
and then pouring 10 c.c. of concentrated sulphuric acid (free from nitric acid) carefully 
down the side of the test-tube ; in presence of sugar, a violet ring (not green, yellow, oj 
reddish) forms at the surface of separation of the two liquids (see also p. 441). 

EXTRACTION OF THE SUGAR FROM THE BEET. After many and varied lech- 
nical and economic difficulties had been overcome, the beet-sugar industry became fiimly 
established and has during the past quarter of a century assumed great imporlance, not 
only on account of its magnitude, but also owing to its technical perfection, which makes it 
a model of what a great modern chemical industry should be.^ 

We shall now follow shortly the whole of the working of a rational sugar factory as far 
as the refining of the crude sugar and the utilisation of the molasses. 

(1 ) Storing and Washing of the Beets. When the beets are topped and freed from soil 
and stones they are weighed (1 cu. metre weighs 500 to 600 kilos) and then discharged 
under long sheds (Fig. 292) with pavements sloping to a longitudinal channel, A, which 
is covered with movable boards or gratings and has water flowing through it (Fig. 293). 
The beets should not be kept long in these silos, as after a few days loss of sugar occurs. 
The sugar-works are, however, designed to deal with a large quantity of beets every day 
(4000 to 8000 quintals), so that the whole of the year’s crop may be worked up in 50 to 


1 History of the Technical Development of the Beet-sugar Industry. In his oarliP'^t industrial 
trials, Aeharcl (1786) extracted the sugar by boiling the beets in water, expressing the juieo, concentiating this 
to a syiupy consistency, and allowing to crystallise in the cold. In France, to facilitate the separation of tlio 
jiiice, the beets were disintegrated by means of rasps which converted them into a fine paste, this being squeezed 
in screw presses and later m far more powerful hydraulic presses. The puce was then defecated with lime and, 
after neutialisation with sulphuric acid, concentrated in copper imiis. On cooling, crude crystallmo sugar was 
obtained. 

In Germany, however, the juice w-as first treated with sulphuric acid and, after a short rest, neutralised with 
chalk, heated with lime and filtered. The saccharine solution was concentrated by direct-flre heat and decolorised 
with animal charcoal, albumin, or even blood. The crystallisation was earned out in wide, shallow pans 

In some places use was made of the old Colonial process of concentrating the juice until, on cooling, it gave 
a dense mass of crystals which was introduced into inverted conical moulds. The point of the cone was closed 
by a plug, which was then removed to allow the liquid to flow away, the sugar-loaf being subsequently removed. 

Only later, after a proposal made by Weinrich, was the lime used for defecating the juice neutralised by carbon 
dioxide instead of by sulphuric acid, inversion of the sugar being avoided and improved defecation obtained. 
At the outset, the carbon dioxide was prepared by the costly method of treating calcium carbonate with liydio- 
ehloric acid, but later it was obtained from the combustion of coal, and finally by heating chalk m suitable I’ctorts 
or furnaces, the re.sidual lime being also utihsable. 

Further improvements were made also m the rasps, as the living cells of the beet, being coated inside with 
protoplasm impenneable to the cold saccharine liquid, do not allow the sugar to exude ; it is hence necessary 
to rupture the cells as completely as possible. 

A considerable advance was made in 1836 by Pelleton, who introduced cold macenition of the rasped beet 
with a counter-current of water. This systematic exhaustion was improved by Schutzenbach, who arranged the 
vessels of beet-pulp in steps, the water entering the top vessel and being collected aftei it leaves the lowest one and 
then pumped to the top, and so on; the pulp was exhausted with fresh winter and the exhausted pulp replaced by a 
fresh supply. It was necessary to attend to the cleanliness of the plant m order to avoid the development of 
micro-organisms capable of inverting the sugar In 1837 Schiitzenbach suggested the preliminary drying of 
the piilp and its extraction with water at 90°, which renders peimeable those cells not broken by the rasp. Fesea 
and Schrottler, on the other hand, centrifuged the fresh pulp directly — ^just as is now done with the crystallised 
sugar {see later ) — and subsequently sparged the pulp with cold water in the centrifuge itself so as to obtain moie 
perfect exhaustion- But all these proee.sses were too expensive and did not give complete extraction of the 
sugar, much of which was still lost. 

It was only after 1864, when the diffusion process was devised, that complete extraction of the sugar 
became possible {see above and later). 

Defecation was also facilitated by separating the organic impurities precipitated by the lime, not with slow and 
cumbrous bag-filters, but by the filter-press invented by Ffeedham m 1828, improved by Kite and employed in 
defecating by Danek in 1862. By this means, working was hastened and cheapened, and further improvements 
was made when the filter-press was so modified as to permit of the washing and exhaustion of the calcium car- 
bonate with hot water in the press itself. 

The application of animal charcoal (bone-black) filters, which had been proposed for other industries by Figuicr 
in 1811, proved of considerable advantage m the clarification and decolonsation The bone-black readily fixes 
the colouring-matters and the chalk, but does not retain the sugar. As it becomes enriched in calcium carbonate, 
however, it loses its decolorising property and hence required frequent renewal at great expense. Subsequently 
the activity of the charcoal was restored by treatment with dilute hydrochloric acid to eliminate the carbonates 
and then fermenting at a suitable temperature and with a suitable proportion of moisture, in order to destroy 
mu^h of the organic matter ; the charcoal was then washed thorouglily with water and dried in long iron tubes 
heated to low redness m a furnace {see p. 471). A factory with a capacity of 4000 quintals of beet per day should 
have at its disposal 6000 quintals of animal black throughout the whole season The cost of this is consider- 
able, and during recent years these filters are being dispensed with in the sugar factory, methods of defecation 
being improved and the filters used only in the refinery. 

The sugar solutions were, at one time, evaporated by direct-fire heat, a total of 40 kilos of coal being con mimed 
per quintal of beets. In 1828, Moulfanne and Decquer m France introduced the use of steam-coils, and in 1840 
the employment of the Hovard vacuum evaporator reduced the consmnption of coal to 25 kilos Since, 1852, 
simple or multiple-effect vacuum evaporators (Rillieux) have come into use and these, after many improvements, 
have still further diminished the amount of coal required until nowadays it is only 7 to 8 kilos. 
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60 days. In order to transport the beets to the place where they are first required, the 
covering of the water-channel is gradually removed so that the roots fall into the water, 
which carries them half floating to the principal elevator, B, this separating the mud 
and water and delivering the beets to the washer, O. 

/w f ®'^®'tor may consist of a large wheel fitted with a number of perforated plates 
(JJig. 294) or of an inohned screw having a perforated sieve-plate at O (ffig. 295). 



Fig. 292. 

Nowadays, however, the beets are conveniently raised by applying the principle of the 
Mammoth pump {see vol. i, p. 265), which also admits of a more complete washing. 

The washing is carried out in iron or concrete vessels, 4 to 6 metres long and 1*5 to 2 
metres wide, furnished with a longitudinal bladed spindle by which the roots are beaten 
in the water and transferred to the other end of the washer ; on the bottom are 
indentations or an inclined plane on which any stones collect, to be discharged from the 
orifices, D and E (Fig. 295). __ __ 

In 24 hours such a washer can treat as many as 5000 quintals 
of beet, about the same number of hectolitres of water being ^ 

^ From the washer the beets fall into basins, whence they are 
raised by a large vertical elevator to a higher part of the factory 
and dropped into a double automatic weighmg machine, which j’iq, 293. 
discharges 50 to 100 kilos or more at a time into the cutter or sUcer ; 
in the latter they are reduced to thin slices suitable for extraction by the diffusion process. 
The slicing machine is formed of a vertical chamber, A (Fig. 296), which receives the roots, 




Fig. 294. 

and the base of which consists of a circular cast-iron plate, O, rotated by means of a vertical 
shaft and furnished with 10 to 15 rectangular apertures, a a {see plan and section. Fig. 297). 
In these apertures fit cast-iron frames carrying a series of undulating cutting blades which 
form knives of various shapes (Fig. 298). The beets at the bottom of the chamber are 
forced by those above against the rotating knives and so sliced. The form of these sheers 
varies somewhat in different factories, and in some cases the revolving plate has a diameter 
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of 1*2 to 1*5 metre and a velocity of 100 to 140 turns per minute. The beet-chamber is 
about 1*5 metre high. 

At one time use was made of knives with several superposed blades at various distances 

apart, but these give smooth 
slices or prisms (if cut longi- 
tudinally) which readily ad- 
hered one to the other and 
hence presented a diminished 
surface in the subsequent 
diffusion operations. Good 
results are, however, obtained 
with those having a zig-zag 
section (Fig. 299) and giving 
slices having the form of ’tri- 
angular channels ; sometimes 
a blade is placed at the apex 
of each angle, so as to prevent 
the formation of wide slices. 
The side of the triangle in the 
blades is 6 to 7 mm., and the 
thickness of the slices is 
regulated by the height of the knives above the plate, a (Fig, 298). 

Centrifugal slicing machines are also used, these having knives fixed to the inner peri- 
phery of the vertical drum, which receives the roots and projects them against the blades. 
These machines give a greater output and uniform working, the knives being replaceable 
when in action. The knives usually wear rapidly, 
especially if stones occur in the interior or m 
indentations of the roots, and they should be 
changed frequently, as otherwise they do not cut 
clearly but tear, this resulting in slow extraction 
of the sugar in the diffusors. The knives are 
sharpened with triangular files or with suitable 
milling-cutters. 

EXTRACTION OF SUGAR BY THE DIF- 
FUSION PROCESS. In the note on p. 448 men- 
tion has already been made of the various steps 
made in the extraction of sugar from beets and of 
the diffusion process, which is now used and which 
presents marked advantages over earlier methods. 

The diffusion process is based on the general laws 
of osmosis (see vol. i, p. 77), If a solution of sugar 
(or salt or, in general, any crystalloid) is enclosed 
in a porous membrane immersed in water, the 
sugar molecules pass slowly through the membrane 
to the outside (exosmosis), while water passes from 
the outside to the inside (endosmosis). This 
process continues until the specific gravities of the 
sugar solutions inside and outside are identical 
(equal numbers of sugar molecules then pass 
through the membrane outwards and inwards ) ; 
or, if it is required to remove aU the sugar from 
the inside, the water outside is continually re- 
newed. The same phenomenon is shown by the 
sugar-containing vegetable cells of the beet. The 
envelope of the cell functions as an osmotic mem- Fio. 296. 

brane, although the sugar inside the cell and the 

walls of the latter also are coated with protoplasm which, at the ordinary temperature, 
prevents or greatly retards the osmotic flow. 

But at a temperature of 70*^ osmosis takes place more readily through the paccliarine 
cells of the beet, the protoplasm then coagulating and the walls becoming permeable to 




Fig. 295. 
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the osmotic currents. Under these conditions the complete extraction of the sugar is 
possible (not more than 0*3 to 0*4 per cent, is left). 

The first industrial application of this method was attempted in 1864 by Eobert in 
the celebrated factory at Seelowitz (Moravia), and the results were so favourable that by 
1867 about thirty factories had adopted it. It was then that the idea was evolved of 
cutting the beets into slices to facilitate the osmotic phenomena, the extraction being 
effected by systematic and continuous exhaustion in a series of cjdindrical vessels contain- 
ing the slices. Water at 70° enters the 
first cylinder, carries away part of the 
sugar, and then passes to the other cylinders 
in succession, until it reaches in the last the 
same density (about 10 to 12 per cent, of 
sugar) as the saccharine juice of the cells 
of the fresh beet. When the first cylinder 
is exhausted it is recharged with fresh 
slices and placed at the other end of the 
series. What was previously the second 
cylinder now receives the pure water and 
is hence exhausted, after winch it is filled 
with fresh slices and made the last of the 
battery, and so on. In such manner the 
process becomes systematic and continuous, 
being carried on day and night during the 
whole of the campaign. The circulating water is brought to a temperature of 70° whih' 
passing from each cylinder to the next. 

Diffusor Batteries. The diffusors are vertical iron cylinders with a capacity of 15 to 50 
hectols. and a height double the diameter. They are furnished with an upper aperture 
for charging with the slices and one at the bottom or side for the discharge of the exhausted 
pulp. 

They are arranged in batteries of 12 to 24 diffusors connected by pipes and valves , 
heating tubes being placed between. For a factory treating P quintals of beet per 24 hours, 

p 

diffusors having capacities of hectols. each are now used. 

The diffusors are often arranged in two parallel rows (Figs. 300, 301, 302), and if they 
are then discharged laterally the exhausted slices can be collected by means of a single 
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Fig. 297. 



Fig. 298. 


Fig. 299. 


screw or travelling band, h, which carries them to the elevators, m j where they are 
discharged through an aperture in the base (Pig, 303), two channels with screws are used. | 
8omeiiines the diffusors are placed in a ring, as is shown in section in Fig. 304 and in 
plan in Fig. 305. The diffusors are charged by means of suspended tubs coming from the 
slicing machine, or of an endless belt moving above them on rollers and flanlied with a 
fixed plate forming an edge fitted with doors corresponding with the various diffusors. 
By opening a door and placing a plate diagonally on the belt, the slices are forced off the 
latter into a sloping channel and so into the diffusor ; this operation is repeated until all 
the diffusors are fuU. 

When the diffusors are arranged in a circular battery, the slicing machine {D, Fig. 304) 
is placed so that it commands the diffusors, which are charged by means of a shoot, E, 

A perforated false bottom and an upper perforated disc in each diffusorj prevent the 
penetration of the beet slices into the tubes that supply water or carry off the juice. To 
avoid accidents when operations are started, the tubes are provided with safef^-valves 
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Air-cocks on the covers allow of the escape of the air displaced by the water entering 
the diffusors. Thermometers are inserted in the tubes to indicate the ternperature 
of the water and of the circulating juice. There are tubes for cold water, transference of 
the juice, washing water, discharge of the water, steam for the heaters, and discharge 



Fig. 300. 


The }ieate 7 s used to regulate the temperature of the circulating juices consist of a series 
of steam -pipes (see 6, Fig. 301) round which the juice passes. A less rational method of 
raising the temperature consists in blowing steam into the juice ; this not only dilutes 
the juice but may cause caramelisation. 

Water is supplied to the diffusor battery through two pipes which join just before 

the diffusor is reached ; one of these 
comes from a cold-water cistern 8 to 
10 metres above the level of the 
diffusors and the other from the 
boiler. Mixture of the hot and cold 
water in the proper proportions gives 
the temperature required for diffusion, 
this being at first about 35° and later 
70° to 75°, to which it is brought by 
the heaters.^ 

1 Method of Starting a Battery of Dif- 
fusers. In the various tubes common to all the 
diffusers are inserted valves which admit of the 
commimication of the tubes with each diffusor 
and also of the isolation of any diffusor from its 
two neighbours. The 3 uice discharge pipe is fur- 
nished with a valve placed to the left hand of the 
Fig. 30 1. upper pipe (see Diagram, Dig. 304) leading to the 

juice measurer and then to the collecting vessel. 

Assuming the battery to consist of 12 diffusors (in two parallel rows or in a ring), the first three are closed 
above and below, while the remaining ones are closed only at the bottom. Into the empty diffusor, I, water at 
35® is passed through c, the air-cock, a, in the lid being left open ; when I is full, the air-cock is closed and the 
juice-valve, Cj, the steam-valve of heater 1 (not shown m the figure) and the air-cook of diffusor II opened, II 
thus being filled with water at 50® (shown by the thermometers in the pipe by which the juice leaves the heater). 

When n IS also full of water, the air-cock is closed and HI then filled in a similar manner with water at 70®. 
While these operations are proceeding with the first three diffusors (containing no slices), the slicing machine 
is started and diffusor IV and the rest filled with slices. But as soon as IV is full, the slices are covered with the 
perforated disc and the lid closed, the air-cock, a^, being left open. Then, on opening the taps, and df*, of the 
j uiee-pipe, IV becomes filled from the bottom upwards with water at 75°, which first passes downwards through 
the heater 4. It is an advantage to introduce the liquid at the bottom of the diffusor, as the slices are thereby lifted 
and the air completely expelled. In diffusor IV the water begins to extract the sugar from the slices, and when 
the liquid has risen to the air-cock, this and also are closed, while the valves c*, and are opened. By 
this means, since c is kept in communication with the water cistern at a head of about 10 metres, the water forces 
the hquid from I into II, and so into III, IV, and V, the course taken being I, 1 , Cj, TI, 2, c,, III, 3, ^ 4 , IV, 4, d^ 
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The amount of juice extracted normally by every diffusor is about 48 to 55 litres per 
hectolitre capacity of the diffusor {i,e. 100 to 110 per cent, of the weight of the beets, since 




Fig. 302. 


each hectolitre holds 50 to 55 kilos of slices). The amount of water necessary for complete 
diffusion (including washing water) is 1*2 to 1*5 times the weight of the beet (hence the 
water -tank should have a capacity at least as great as 3 or 4 of 
the diffusers). 

Pressing and Drying the Pulp. The pulp (exhausted slices 
containing less than 0*5 per cent, of sugar) discharged from 
the diffusors is transported by a screw or endless band to an 
elevator which discharges it into the pulp-press (M, Fig. 305), 
where the water it contains (95 per cent.) is removed as 
completely as possible. Presses of various forms are used for 
this purpose. 

ds, V. Wlien the juice reaches otg, the same operation is repeated, that is, ^ ^ • 
and di are closed and Cs, d^, and opened, so that the juice is forced from v 'y • 
the preceding cylinders into VI through 5, dg, and 6, the temperature 
being kept at 70° to 75°. 

The juice from VI is not passed into VII, but part of it is first discharged 
(see later) into the juice measuier (and thence into a reservoir) by opening the 
mam valve, M, and keeping shut ; when the amount m the measurer reaches 
a certain value, ill is closed, d, opened and diffusor VII filled firom below in the 
usual manner. In all these cases the pressure is supplied by the water in 
the raised cistern. When YII is fuU, before the juice is passed into VIII, 
part of it is discharged into the measurer through the valve, M, as before ; 
these operations are repeated until the last diffusor is reached. When, 
however, IX is filled, it is advisable to discharge the water from diffusors 
I, II, and III, and to fill these with slices, so that, when the juice arrives at III, it is certain that the slices in 
IV (the first to be extracted) are exhausted ; IV is then emptied and recharged immediately with fresh slices. 



Fig. 303. 



Fig. 304. 


The juice is then passed from III to IV, while V is discharged and recharged, and so on. The working thus 
assumes its normal course In case of accident, the workman regulating the taps immediately shuts off t he 
steam and water, so as to prevent caramelisation of the juice and loss of sugar. 

The temperature is 35° in the diffusor following that which receives the fresh water, then rises to 60°, and 
in the last diffusor (preceding that into which the water first passes) is 70° to 75°, 
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That of the Klusemann type consists of a vertical, revolving cone of perforated sheet - 
metal, G (Figs. 307, 308), fitted with oblique vanes and enclosed in a stationary cylinder, 
also perforated. The vanes, which are arranged helically alone the cone, compress the 



Fig. 306. 


mass of pulp against the perforated cylinder and gradually move it downwards where the 
space becomes narrower, so that a considerable part of the water is squeezed out through 
the cone and cylinder, which are enclosed in a jacket, JE ; all the water is carried off by 
the tubes F, G, and H, while the pressed pulp is discharged through the annular orifice, L 
An arrangement similar to this has also been combined with the pulp -elevator, which 
consists of an inclined screw, the pulp being thus raised and pressed at the same time, 
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The EHusemann press has been improved by Bergreen and others in order to dimmish 
the amount of water left in the pulp. Each quintal of beet yields about 80 kilos of pressed 
pulp containing, on an average, 72 per cent, of water, 3 per cent, of ash, 1*8 per cent, of 
protein, 0*27 per cent, of fat, 6 per cent, of cellulose, and 17 per cent, of non -nitrogenous 
extractive matter. 



Etg, 309. 


The pressed pulp is loaded directly on the farmers’ waggons to be used as fodder, about 
lOd. per quintal being paid for it ; but part of it (30 per cent, of the amount of beets they 
supply to the factory) is given to them free of cost. If the pulp cannot be sold immediately, 
it is stored in silos until sold. But if this is done, it readily undergoes putrefactive fermenta- 
tion, the gasogenio bacteria of which contaminate milk and cause inflation of cheese, so 
that in some countries, where fuel is not expensive, it is preferred to dry the pulp at once. 
It is known, too, that fresh pulp m silos loses as much as 40 per cent, of its solid matter, 
which is rendered soluble and volatile by bacteria, the sugar being converted almost 
completely into lactic acid. 

Of the various types of apparatus for drying the pulp, that of Biittner and Meyer 
{^see Eig. 309), which was devised in 1887-1888 and rapidly came into use in Germany, 
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France, Belgium, and Austria, gives good results. In 1898 sixty German factories were 
employing pulp-driers on this plan. The moist pulp is raised by means of an e evator, p, 
and dropped at / into an upper chamber, B, composed of four semi- cylindrical channels 
containing mixers revolving in opposite senses, which stir and lift the pulp and at the 
same time transport it to the mixers of the similar chamber below ; thence it passes to a 
third chamber. A current of air at 400° from a furnace enters A_at / and is moved in the 
same direction as the pulp by the aspirator, G, which then forces it into the dust chamber, 
D, and thence to the shaft. The pulp should issue at a temperature of 1 10 so that moisture 
may not condense on it, and the supply of pulp is regulated so that the final proportion of 

water present is 12 to 14 per cent. ^ x /> r ^ s 

The composition of the dry 'pulf is as follows : 12 per cent, of water, 6-o per cent, of 
ash, 8 per ceut. of protein, 1-2 per cent, of fat, 18 per cent, of cellulose, and ‘’o per cent, 
of non-nitrogenous extractive substances (5 to 7 per cent, being sugar) ; it is sold in Italy 
at'6«. ed. to 8s. per quintal. Recent tests made by Gorini (1911) show that the dry pulp 
- XT. IS not sterile, and may hence 

be dangerous to milk during 
milking operations. 

THE STEFFEN PRO- 
CESS. Some years ago Carl 
Steffen patented (Ger. Pat. 
149,593) a process of ex- 
tracting sugar from the beet 
without the use of diffusion, 
a process resembling that 
used by Achard 125 years 
ago {see Note on p. 448). 
The beet slices (containing 
75 to 80 per cent, of water) 
are pressed, giving a juice 
of 20° to 25° Brix. The 
remaining pulp is then 
heated to 85° with more 
dilute juice (15° to 17° Brix), 
which is thus enriched with 
sugar extracted from the pulp. The latter is compressed in a powerful press in the hot, 
the residual pulp being rich in sugar and hence of greater value for cattle-food. This 
process yields less molasses and more first-^et sugar, while it requires less expenditure of 
water, coal, and labour, and a less expensive plant, than when diffusers are used. For 
each quintal of beet there are 45 litres of water less to evaporate. The Steffen apparatus 
is shown diagrammatically in Fig. 310. The beets pass into an ordinary sheer, H, and the 
slices fall into G and then into a horizontal cyhnder, M, containing the juice heated to 
95° to 98° (600 litres of this juice and 100 kilos of cold slices give a mixture at 85°). A 
horizontal screw, Z, transports the slices to T, where they meet a double- jacketed (the 
inner casing perforated) worm-conveyor, F, which raises them and presses them to some 
extent, so that the juice runs hack into Jf. At the top of this conveyor they are discharged 
into a press of the type described on p. 455 (Figs. 307, 308). The expressed juice returns 
through the tube, F, to M, while the pulp falls into Y and is conveyed to the drying 
apparatus. In order to maintain the juice at a temperature of 85°, part of it is continually 
forced by the pump, P, through the tube, X 2 , to the sieve, then to the heater, (-i, 
and through to the cylinder, M ; if necessary, steam is injected by means of the injector, 
G 2 * In order to dilute the juice in Jf so as to keep it always at 15° to 16° Brix, dilute 
sugar solution from the washing of the defecation mass in the filter-presses (see later) is 
introduced both directly into the cyhnder, Jf, at E 2 and into the inclined conveyor at Pi. 
The excess of juice flows continuously through the funnel, A, to the sieve, Ki, which retains 
finely divided pulp, and then through the tube, Xj, to the defecation apparatus. 

This process admits of the rapid treatmei^t of large masses of material, which is heated 
to 85° in 2 to 3 minutes and yields 70 to 80 per cent, of juice purer than diffusion juice and 
about 30 per cent, of pulp (containing 70 per cent, of water and 10 per cent, of sugar), 
which, after drying, contains 10 per cent, of water, 7*6 per cent, of proteins, 0*4 per cent. 




DEFECATION OF THE JUICE 457 

of fat, 10 per cent, of cellulose, 36 per cent, of non-nitrogenous extractive matters, 52 
per cent, of sugar, and 4 per cent, of ash ; the expense of drying in Germany is about 
6*5^^. per 100 kilos of the dry pulp. 

The diminution of 2 to 2*5 per cent, in the yield of commercial sugar is compensated 
in various ways ; the dry pulp is worth about three times as much as diffusion pulp and is 
sold in Germany at II 5 . per quintal, in addition to which the diffusion process leads to 
various small absolute losses. 

It must be admitted that, after many trials and much discussion, during recent years, 
the most competent technical opinion varies with regard to the advantages claimed by the 
Htcffcn process. It can, however, be stated that only the most efficient diffusion plant 
can compete with the Steffen process, which up to the present has been found most advan- 
tageous in districts and in seasons in which prices for the dried saccharine pulp are more 
favourable than those of raw sugar. 

In 1910 a dozen factories in Germany alone produced 1,300,000 quintals of sugar 
by the Steffen process. 

In a new process devised by Claassen, all the water from the diffusion of the molasses 
and that resulting from the pressing of the exhausted pulp are used directly for the extrac- 
tion of the sliced beets in the diffusors. In this manner aU the soluble substances of the 
beet are returned and utilised, so that an increased yield of sugar is obtained with a 
diminished consumption of water. This process requires, however, much supervision 
and care. 

The new process devised by Hyros and Bak employs more perfect machinery than the 
Steffen process, yet is identical with the latter in many points ; but the heating to 85° is 
carried out in three stages and the final pulp is not dried. This process has been little used, 
but, according to Herzfeld, could be combined advantageously with the Steffen process. 

Other processes, such as those of Bosse, Naudet, Garez, &c., are concerned mainly with 
the rapid heating of the sKces below the slicing machine, pressure or diffusion then being 
employed. 

Juice Measurers. These are special automatic apparatus used to measure the juice 
extracted at intervals from the diffusors, each such quantity of juice being registered 
automatically on a strip of paper together with the time elapsing between one discharge 
and the next. This paper serves to control the working, while it also indicates any 
stoppages taking place. The underl 3 dng principle of such apparatus is the same as that 
on which alcohol meters (see p. 146) are based. 

The juice is then discharged through coarse filters to remove vegetable fibres, which 
are eventually rejected. This dilute juice (10 to 12 per cent, of sugar) has a reddish brown 
colour and is further subjected to a series of operations, to be described below. 

Defecation with Lime. In addition to sugar, the juice extracted from the beet contains 
proteins, pectic substances (colloidal substances of the carbohydrate group), and mineral 
salts. The pectic matters readily ferment, giving two gummy acids (Pectic Acid, 
C 32 H 4 iO 30 ) and Pectosinic Acid, C 32 H 46 O 31 ), which convert the juice almost into a 
gelatinous mass and partially invert the sugar. 

When the fresh juice is treated with Hme, if the. latter is not in excess, insoluble calcium 
pectates separate ; whilst if excess of Hme is present, the juice is Hable to lactic and butyric 
fermentation of the proteins with development of unpleasant odours. If the Hme is added 
to the hot juice, no fermentation occurs and the whole of the organic impurities are preci- 
pitated ; but it is not possible to avoid a sHght excess of Hme, which forms insoluble 
tricalcium sucrate, so that the mass cannot be filtered immediately. Loss of sugar in this 
way is obviated by passing carbon dioxide through the turbid Hquid, this readily decom- 
posing the sucrate with formation of calcium carbonate and Hberation of the sugar. Excess 
of carbon dioxide must, however, be employed, since otherwise an insoluble double com- 
pound of sugar with calcium carbonate is formed. 

The operation of saturation with carbon dioxide must be controlled rigorously and 
continuously in the laboratory, since it is the principal source of loss. 

The treatment of the juice with Hme is carried out at 85° in suitable vessels provided 
with stirrers. The Hme is added in the quantity previously determined in the laboratory 
(2-5 to 3*5 per cent.), and may be as powder or in the form of milk of Hme, the concen- 
tration of the latter being measured by means of automatic floating densimeters. Kowalski 
and Kosakowski have recently shown that if, as was long ago recommended, the juice is 
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well agitated during defecation and heating, the total quantity of lime required may he 
reduced to as little as 1 *5 per cent. In France and Germany saturation with carbon dioxide 
is carried out in two phases, and in Austria in three phases.^ The lime in the juice is 
estimated by means of soap solution (Pellet’s method) in a way similar to that used to 
determine the hardness of water (vol. i, p. 215). 

In order to avoid the risk of redissolving the calcium carbonate (as bicarbonate), the 

saturation is first carried on for 20 to 40 minutes 
at a temperature of nearly 90® until a certain 
degree of alkalinity remains (Od 1 to 0*13 per cent. ) ; 
the juice is then filtered, heated, saturated again 
for about 15 minutes until the alkalinity falls to 
0 02 to 0-04, and finally filtered a second time. 
In Austria and Bohemia, however, a little lime 
(0*5 to 1 per cent, leaving an alkalinity of 0-05 to 
0*07) is added before the second saturation in the 
hot (95®). The juice is then filtered and the third 
saturation carried out at 100° (10 minutes), the 
alkalinity being reduced to 0*01 to 0-03. After a 
fresh filtration, the juice is thoroughly heated for 
a long time in another boiler, again filtered and 
despatched to the concentrators. In some fac- 
tories the third saturation is now made with 
sulphur dioxide, which has a greater purifying 
action than carbon dioxide and at the same time 
decolorises the solution. Liquid sulphur dioxide 
may be employed, but it is cheaper to produce the gas in furnaces {see vol. i, p. 244). Jn 
some works continuous saturation is practised, but the Austrian system seems to be the 
best, even though it leaves 0*06 per cent, of alkalinity. 

The iron saturation vessels (Figs. 311, 312) are pro- 
vided at the top with a large tube for the escape of 
the excess of gas. That used for the first saturation is 
often 7 metres high, but is fiUed with juice only to the 
height of 2 metres (30 to 50 hectols.), the remainder of 
the space gradually being fiUed with a dense froth ; 
that for the second saturation is 3 metres high, less 
foam being formed in this case (a large saturation 
chamber is shown in Fig. 313). If too much froth 
forms, it can be reduced by the addition of a little 
CO CO -nut oil. 

The juice is heated for the first saturation by means 
of a steam- coil, and the carbon dioxide is introduced 
at the bottom by a perforated tube, 5. A glass is 
inserted to permit of the operation being viewed, and a 
closed orifice, U, serves for the inspection and cleaning 
of the interior. 

The completion of saturation is shown by phenol - 
phthalein paper, which ceases to turn violet. Trained 
workmen also carry out titrations. 

A plant for saturation with sulphur dioxide is shown 
in Fig. 314. The air-pump, A, feeds the sulphur furnace, Fio. 312. 

B, and the mixture of air and sulphurous acid then 

passes through the tube, 0, into the saturator, Z>, the excess issuing by the tubes, B. 

^ The lime and carbon dioxide used in sugar-works are generally prepared in a vortical lime-furnaco (see also 
vol. i, p. 489), the upper outlet of which communicates with one or two water-cisterns, into which the gas is drawn 
by an aspirator to be washed and cooled before being conveyed to the saturators. Chalk of good quality (free 
from iron and containing little sulphate or silica) is used and is mixed with 9 to 10 per cent, of coke (anthracite 
should be avoided, in order to prevent the presence of odorous and tarry impurities m the gas). The gases 
contain about SO per cent, of CO 2 , and the size of the suction-pump is calculated on the basis that every quintal 
of lime produced corresponds with at least 300 cu. metres of gas. The treatment of 6000 quintals of beet per 
24 hours requires about 300 quintals of chalk (occupying, in lumps, about 15 cu. metres), which give 170 quintals 
of quicklime with a consumption of about 86 quintals of cpke (9 3 cu paetres in lumps). 
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Continuous saturation processes with a counter- current of juice and carbon dioxide 
(Horsin-Deon, E/aboux) are also used, but they do not seem to have any great advantage. 

Behm, Dammeyer, and Scbalmeyer propose to purify the juice at 75° with a current 
of 40 to 50 amperes at 6 to 8 volts for 8 to 10 minutes, using zinc electrodes. This 


Fig. 313. 

treatment seems to result in the deposition of various organic impurities, but, although 
promising well, the process has not been adopted. 

Filtration of the Defecated, Saturated Juice. The precipitated calcium carbonate is 
separated by passing the juice through filter-pressesp- which allow the clear sugar-juice 


Fig. 314. 

to pass through and retain the suspended impurities and the calcium carbonate in the 
form of cakes, which, after being washed, are readily extracted by unscrewing the press 

1 Filter-presses are formed of a number of iron frames, alternately empty and filled in and supported on 
two horizontal, parallel rods. An empty frame is shown at A (Figs. 315, 816) and a filled-m one at B (Fig. 317). 
The letter is filled m with sheet-irpn grooved on both sides, the grooves epding belpw in two hoThmntal channels 
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aad removing tlie frames ; they fall into conveyors or trucks underneath, and arc often 
used as lime fertilisers. The first wash- water is added to the filtered juice, while the last 
is used to slake the lime for defecation. The pressed cake should contain less than 0 6 
per cent, of sugar. 

The filtering surface of the filter-presses necessary after the first saturation is calcu- 
lated at 0*5 sq. metre per ton of beet worked in 24 hours ; after the second saturation 

commimicafciiig with a sincle tap, r (Fig, 317) ; the grooves of the t^o sides are covoied with a pciforated plilo. 
On the empty fiames aie stiotched cotton or linen cloths, which term two filtering surfaces of the saiue aiea as 
the frame. The frames arc squeezed together and against the stieugtliencd bloch, P , by the screw, T , so that 
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hermetic joints arc formed at the edges of all the frames Each fiame i&'proMdcd with bored projections, tr and 
&, at the top and bottom. When the frames are joined up, the holes in the projections form two coiitimioiis 
channels. The turbid juice enters at « and thence passes through af into all tho empty frames, the air being 
forced out fiom these through the val\e, d. When d is closed, the juice passes under pressure thioiigh the cloths 

on the two sides 'and the dear liquid flows 

down the grooves and IS discharged at rmto 
the tank, 8, When the frames, A, are filled 
with calcium carbonate, the latter is wa.shi'd 
with water to remove, tlie .sugar it retains. 
Since only the alternate grooved plates 
communicate with tho tube, &, water intro- 
duced underpressure at & will pass through 
the cakes of calcium caibonato in tho direc- 
tion of their thickness and into tho groo^Td 
plates (not communicating with &) to be 
discharged at the taps t. In this way, each 
' cake IS brought into thorough contact with 
the washing water, which can bo measured 
I in 5. 

;{ In other filter-presses there are no oxnpty 
plates (Figs 318, 319), but each of these has 
_ a central aperture over which the lllter- 

PiG. 319. cloth, with a hole exactly m tho middle, is 



screwed with a ring from both sides. 9'hc 
juice is introduced into the cliambers between adjacent plates, and the wash-water passes under pressure into 
alternate (odd) plates horn tho tube, w, traversing tho cakes, and collects in tho other alternate (oven) plates 
which communicate not with m but with h, the wash-water being thus discharged; tho air is initially discharged 
from the odd frames through i. Bach press contains 20 to 60 plates, each 3 to 5 cm. thick, and with a length of 
side 60 to XOO cm- The juicc to be filtered is pumped in imdcr a prcbsure of 3 to 4 atmos, 
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0-25 sq. metre suffices. The pressed cakes of chalk form 12 to 14 per cent, of the tveight 
of the beets (i.e. four times the weight of quicklime used). The U'ashmg of these cakes 
requires 1 litre of water per kilo. 

After the second and third defecations, use is often made, not of filter -presses but of 
mecliaiiical filters^ which also serve for removing suspended matter and residues of the 
slices from the diffusor -juice. 

During the whole of its course from the diffusers and saturators, the juice is under 
pressure and should rise in temperature from 70° to 100° ; but since heat is lost in all the 
pipes, in order that nionocalcium sucrate may not be deposited or the liquor become 
turbid, the use of heaters is necessary for the first and second saturation juices, &c. 

These heaters consist of a species of tubular boiler divided into three parts by two 
plates, p (Fig. 320) ; each of the two end parts is divided into 10 chambers communicating 
in pairs at the two ends alternately. Opposite chambers are connected by groups of long 
tubes, 4 to 5 cm. in diameter, through which the juice circulates ; steam enters at C, 
follows a sinuous path round the partitions, F, and finally issues at D. The juice enters, 
at A, chamber 1 of compartment I, and passes through the tubes to chamber 1 of compart - 
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ment II, then to chamber 2 of compartment 11, through the tubes to chamber 2 of com- 
partment I, and so on, until it reaches chamber 10 of compartment I and hence leaves 
the heater at B, 

After the third saturation the juice passes into a final heater or boiler, where it is 
thoroughly boiled but not under pressure. The juice is moved by means of pumps, a 
separate one being used after each operation (for raw juice, first saturation juice, second 
saturation juice, &c,) ; double-action piston pumps or Girard pumps, with an efficiency of 
80 to 85 per cent., are employed. 

' |j,When the tax is based on the volume and density of the defecated juice, before the 
latter goes to the evaporators it passes into tanks under the supervision of the Inland 
Revenue authorities, who measure the density at 85° to 90° and then reduce it to the 
normal temperature by means of tables. Thus, in Italy, up to 1903, tax was paid on 2000 
grms. (before 1900, only on 1500 grms.) of sugar for every hectolitre of juice and every 
one-hundredth of a degree of density above 1. 

[CONCENTRATION OF THE JUICE. The defecated, saturated, and filtered juice is 
pale yellow and perfectly clear ; it contains 88 to 90 per cent, of water, 10 to 11 per cent, 
of sugar, and 0*8 to 1 per cent, of salts. The formation of crystallised sugar requires first 
considerable evaporation or concentration and then boiling. 

The suggestion was made in 1907 to concentrate juice by freezing and removing the ice 
(E. Monti, Ger. Pat. 194,235), but so far as is known this process has yielded no practical 
results. 

Evaporation is nowadays carried out excusively with indirect steam and in multiple’ 
effect vacuum plant. The vacuum is obtained by means of pumps, combined with a baro- 
metric water -column, this method being introduced into the sugar industry by Rillieux 
{see modern triple- and sextuple -effect apparatus, vol. i, p. 442 et seq ,) ; it admits of 
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considerable saving in fuel and avoids blackening or carainelisation of the juice, the 
boiling-point being lowered as the vacuum is increased.^ The steam from the first body 
is not all utilised for the second body, part of it, and also part of that from the second 
body, serving to heat other plant (boilers, heaters, &;c.). 

The first body is usually heated by the exhaust steam from the engines, which it leaves 
at a pressure of 1*5 to 2 atmos. The evaporation bodies are simply large wrought or cast 

iron (formerly copper) boilers 
surrounded by an insulating 
earth. These bodies are of 
various shapes and are placed 
sometimes vertically and some- 
times horizontally. They are 
usually divided into three com- 
partments by means of two 
partitions, held rigid by a 
number of brass tubes, 2 to 2*5 
cm. in diameter, connecting the 
first and third compartments. 
In boilers with horizontal tubes 
(Figs. 321, 322, 323) the steam 
circulates in the tubes in a 
similar manner to the juice in 
the heater described above 
(Fig. 320), while the juice 
surrounds all the tubes. In 
vertical bodies (Fig. 324) the 
steam, entering at A and 
issuing at B, circulates in the 
chamber between the two partitions and heats the numerous connecting tubes. The 
saccharine solution is thus brought into a condition of vigorous ebullition and circulates 
rapidly between the lower and upper chambers, as indicated by the arrows in the figure. 
The level of the liquid, which can always be controlled by the external glass tube, a, is 
kept just above the tubes ; in this way, less scum is formed, the free vapour space is 
increased, and danger of caramelisation is avoided. The boiling may be observed through 
the^window, r. In order to separate the drops of liquid carried away in the steam,' about 
two -thirds of the way up the 
boiler is placed a plate, P, 
with a large central aperture, 

0, above which is arranged a 
kind of metal umbrella, p, 
at a height adjustable by the 
levers, e, w, and h. This height 
is chosen so that the liquid 
condensing above P contains 
no sugar. 

But with horizontal evapo- 
rators the apray separators 
consist of large cylinders 
placed above the boiler (P, 

Fig. 321). The steam issuing 

from the boiler by the tubes, P, before passing to the exit pipe, E, traverses the finely 
perforated vertical plates, P, which retain the drops of solution carried over by the 
steam, this effect being facilitated by the expansion and consequent slackening of the 
steam in P. The condensed liquid is returned to the bottom of the boiler by the tube, Q. 



^ The boiling-point of water for diffeient degrees of vacuum is as follows (Ilegnault-Claassen) : with a vacuum 
of 50 mm., 98 1° ; 100 mm., 96 1® ; 150 mm., 94® ; 200 mm., 91*7® ; 300 mm., 86*5° ; 400 mm., 80-4® ; 500 mm., 
72*5® ; 600 mm., 61*6® ; 650 mm., 53 6® ; 700 mm., 41*7® , 720 mm., 34*2® ; 740 mm., 22-4® ; 750 mm., 11*8®. 
It must, however, be remembered that saccharine solutions boil at higher temperatures than water. Thus, under 
the ordinary pressure, a solution containing 30 per cent, of sugar boils at 100-6® : 60 per cent , 103*1° : *80 per 
cent., 110*3® ; 85 per cent, 115®. 
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In exceptional oases, wliere a large amount of spray is persistently formed, this may be 
diminished by the addition to the boiler of a small quantity of coco -nut oil. 

Fig. 325 shows a triple-effect horizontal evaporator of the Wellner-Jelinek type. Fig. 
326 a vertical triple effect, and Figs. 327 and 328 a vertical quadruple effect evaporator, 



Fig. 323, 



in elevation and plan. In the last of these, the steam passes from the body I through 
the tubes, a and of, to heat body II, the steam from which heats body III, and so 
on ; the steam from the last body, IV, proceeds through the tube, iV", to the vacuum pump 
and the barometric water-column. 



Fig. 325 


The evaporation in the separate bodies takes place under reduced pressure in the 
following manner. In a quadruple effect, steam at a temperature of 110° to 120° (from a 
boiler or from the exhaust of an engine) enters the tubes of body I, which contains a juice 
already concentrated to a considerable extent in the other evaporation bodies. Since the 
steam generated in body I proceeds to the heating tubes of II, where it condenses, a partial 
vacuum (c.g. of 150 mm.) is established in body I, in which boiling will hence take place 
at a temperature, say 94°, below 100°, and this will be the temperature of the steam which 
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keats the second body. But the steam given off by the rather more dilute solution of 
body IT is larger in amount, so that a more marked vacuum (up to 350 inm.) is produced 
by the vigorous condensation of this steam in the heating tubes of body ill ; the sugar 
solution of body II will hence boil at about 84°, and steam at this temperature is able to 
boil the more dilute liquid of body III, where the vacuum may be as high as 380 mm., 



Big. 327. 



Big. 328. 


corresponding with a boiling-point of 74°. The steam here produced goes to boil the defe- 
cated diffusion juice, which is introduced into body IV ,* the latter is connected with the 
vacuum pump and with the barometric column, which produce a vacuum of about 630 
to 640 mm., corresponding with a boiling-point of about 56°. 

When the solution in body I has attained the desired concentration, it is di^^' charged 
and replaced by that from body II, which in its turn is filled by that from III, The latter 
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la tlieii charged mth frcsh juice by means of the tube, 0 (lig. 329), wliioh also serves for 
le passage oi the juice from one vessel to the other. The steam is circulated between the 
vaiious o les by tlie tubes G and H, and every battery of beating tubes is connected with 
a condenser and separator, Z. 

Fig. 329 shows the arrangement of the three barometric columns, M, P, and P, which 
pro nee t e ’^enum directly in the third body of a triple -effect evaporator (for small 
single- or double-effect plant one barometric column suffices). The pipe, K, conveys the 
steam trom body 3 to the chamber, P, furnished with an iron barometer tube, ilf, at 
least 12 metres long, which dips into a weU or water-tank, T. The condensation water 
GO ee s in the tube, M, to a height corresponding with the vacuum formed in X, and 
lence m the body 3. But the majority of the steam condenses in the chamber, N, into 
1 10 top of which the tube, 0, introduces a fine cold-water spray which produces an 
abundant and rapid con- 
densation of steam and a 
considerable lowering of 
pressme, so^ that a large 
quantity of hot water passes 
into the vessel, 27, from the 
barometer tube, P. A little 
steam condenses in the 
chamber, Q, commumcating 
by the tube, S, with the 
suction pump which main- 
tains the vacuum. The 
vacuum pump can also be 
connected, by means of 
three narrow tubes, with 
the three evaporation 
bodies, in which the vacuum 
can be regulated as desired. 

It IS evident that in the 
three evaporation ^ bodies, 
especially m P, the water 
must not be kept at too 
high a temperature, so that 
it may not evaporate in its 
turn and may help the con- 
densation of the steam. 

Certain sugar -works have 
recently made successful 
use of the Kestner concentration system {see vol. i, p. 4:4:3), which gives an evaporative 
efficiency superior to that of the ordinary multiple-effect apparatus. Indeed, when there 
is a difference of, say, 7° between the temperature of the steam in the boiler (e.g, 135°) 
and that of the heated juice {e.g. 128°), an evaporation of 80 kilos of water per square 
metre of heating surface 11*4: kilos per degree of temperature difference), is obtained 
with a reduction of the coal consumphon to 5 kilos per 100 kilos of beet. 

In factories where there is not an abundance of water (that required by vacuum plant 
is ten to twelve times the quantity of juice to be concentrated), it is convenient to utilise 
the hot condensed water from the steam-engines (an engine of 350 to 400 h.p. requires 
about 1 cu. metre of water per minute for condensation) and that from the vacuum concen- 
tration batteries. This water is cooled in suitable atmospheric coolers, T (Fig. 330), so 
that it can be used m the barometric tubes and also for the washing and hydraulic trans- 
port of the beets. The tank, K, corresponds with that marked U in the preceding figure, 
A pump. A, forces this water to the top of the pile, T {see also vol. i, p. 454), whence it 
fiows down over the faggots built up under a kind of hood, which produces a strong upward 
draught of air and so evaporates and cools the water (e.^. from 50° to 60°down to 25°to 30°), 
The latter collects underneath in the tank, r, and is then transferred by the pump, M, 
to the chamber, F, where the dissolved air is separated and passes out through the pipe, g 
(higher than 0)* The water rises in the tube, G, to the top of the barometric condenser, 
n 30 
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which is evacuated by the pump, -B, and the tube, n ; the pipe, F or corresponds with 
the tube, X, of the preceding figure and communicates with the third evaporation body. 
Other more efficient arrangements are also used for the cooling of the hot water. Fig. 

331 shows a system consisting of numbers of vertical rods arranged in layers crossing one 
another in a manner similar to those of the apparatus depicted in Fig. 244 (p. 283). I he 
hot water, entering by the pipe, is distributed homogeneously by means of the tooth- 
edged channel, 0, and collects in the vessel, B, underneath ; the air drawn upwards 
between the rods carries with it a cloud of steam. Another arrangement is shown in Fig. 

332 ; here a wooden cap or cover fits over walls composed of sticks arranged in the torm 
of Venetian blinds, while at the bottom a Korting injector produces a poweiful jet of 
pulverised water in the shape of an inverted cone. The upward air-current evaporates 
the water while the latter ascends or while it flows down in a thin film on the boards (in 
this manner only 4 per cent, of the water is lost). Eq[ually ingenious and simple is the 



Fig. 330, 


cooling effected by forcing the hot water under pressure into a circular pipe fitted with 
a number of Korting pulverisers, catching the water in a large tank and, if necessary, 
passing it again through the pulverisers (Fig. 333) ,* but by this procedure more than 
10 per cent, of the water is lost. 

In those seasons of the year and on those days when the air is warm and dry, the 
temperature of the water can generally be reduced to that of the air ; but if the air is 
cold and not very dry, the temperature of the water remains 6° to 7° above that of the 
atmosphere. 

BOILING OF THE CONCENTRATED JUICE. The juice from the evaporators has 
a density of 28° to 30° Be. ( = 50° to 55° Brix) and an intense brown colour, and in order 
to induce crystallisation of the sugar it is necessary to concentrate it until not more than 
15 per cent, of water remauis (85° Brix). This concentration or boiling is carried out in 
simple vacuum boilers or vacuum 'pans, the juice being first filtered through mechanical 
filters, collected in tanks and drawn into the pans which are already evacuated. 

These pans resemble ordinary evaporators and are made of sheet-iron ; they may be 
either horizontal (like that shown in Figs. 311 and 312) or vertical. In the lower part of 
the pan is a dense coil of copper or brass pipes arranged either in a zigzag manner or in 
concentric circles, and through these passes the steam (Fig. 334) ; in some cases, however, 
the bottom of the pan is steam -jacketed (Fig. 335), The concentration or boiling is carried 
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out at as low a temperature as possible and the pan is fitted with a froth-separator {see 
Fig. 311), a tap for the removal of test-samples of the mass towards the end of the opera- 
tion, and a wide discharge pipe, K. 

The first thing to be done is to evacuate the pan by connecting it with the condenser 
and with the vacuum pump. Next the cock of the tube dipping into the concentrated juice 
tank is opened, the required quantity of j‘uice being allowed to enter. Steam is then passed 



Fig. 331. Fig. 332. 


through the heating tubes. During the boiling, the level of the juice is not allowed to fall 
beneath the top of the heating tubes, since otherwise sugar would dry on these tubes and 
be decomposed ; so that fresh concentrated juice is introduced from time to time. At a 
certain stage of the concentration small crystals begin to form and gradually increase in 
size. The operator extracts samples and spreads them out on glass in order to ascertain 
the size of the crystals and the density of the mass, and when he considers that sufficient 
of this massecuite — consisting niainly of crystals with a certain amount of dark molasses— 



Fig. 333. 


has been deposited on the tubes, the heating is stopped and the ordinary pressure estab- 
lished in the pan. The whole mass is then discharged from the outlet, K, into a large vessel 
furnished with stirrers, where it is gradually cooled and the crystallisation completed. 
Thu boiling and discharging of the massecuite occupy altogether about 10 hours. Fig. 336 
shows a battery of Bock cylindrical crystallisers fitted with stirrers. 

Larger crystals are obtained by adding to the crystallising vessels a little unboiled juice, 
which lowers the sugar-content somewhat and retards the crystallisation. When no fui'ther 
crystallisation takes place, the mass is discharged, by means of a parachute at the bottom 
of the crystalliser, into the centrifuges, which readily separate the liquid molasses from 
the solid sugar. 
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This process of boiling is termed boiling to grain to distinguish it from the boiling to 
thread, now used only in refining. In the latter case the boiling is not continued until 
crystals form, the proper density of the boiled juice being ascertained by squeezing a drop 
between the finger and thumb and then sharply withdrawing the finger ; if a filament is 
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thus formed, the boiling is not finished, but the breaking of the thread with formation of 
two projections indicates the end of the boiling. The syrup is then poured into moulds, 
which are kept lukewarm until the whole mass sets to an almost solid block composed of 
finer crystals than in the preceding ease. 
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CENTRIFUGATION OF THE FIRST MASSECUITE. The centrifuges for the 
massecuite have drums of perforated steel with an inner coating of fino-meshed gauze. 
The diameter of the drum is about 80 to 100 cm., the height 40 to 45 cm., and the speed 
of rotation 800 to 1000 per minute. The motive force is applied underneath, and the 
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contrifuged sugar remaining in the drum is discharged either above (Fig. 337) or through 
a door which can be opened in the base of the drum (Fig. 338). The massecuite is passed 
directly from the crystalhsers 
to the centrifuges, and, in 
order to effect more complete 
separation of the molasses 
adhering to the surface of the 
crystals, especially in the layer 
adjacent to the gauze, so-called 
covering or clearing is resorted 
to ; while the centrifuge is 
still in motion, the sugar is 
sprayed with finely divided 
cold or tepid water (Fig. 339), 
or even with a jet of steam 
applied inside or, better, to the 
outside of the basket, the 
molasses being thereby ren- 
dered more liquid. This pro- 
cedure naturally gives a whiter 
raw sugar (first product) but 
in diminished yield, a small 
part of the sugar being carried pia. 337. 

away with the molasses by the 

water. This loss is diminished by using, m place of water or steam, sugar juices (syrups) 
gradually increasing m purity, so that the molasses and less pure syrups arc removed 

and the sugar left covered with a solu- 
tion of pure sugar. In this way minute, 
moderately white crystals of sugar are 
obtained, and these are sometimes pla.ced 
on the market without refining. But the 
public suspects them of being adul- 
terated and prefers quite white crystals 
or cubes. 

The molasses from the centrifugation 
of the first massecuite, after separation 
of the first-product sugar (first runnings), 
is further concentrated and boiled in 
syrup pans, which are similar to vertical 
evaporators and are worked under a 
vacuum, but are usually of single effect. 

Fig.^ 338. The boiling is continued until the syrup 

gives a long thread {see above), the 

impurities present preventing boiling to grain. 

This second massecuite is then placed in 
large tanks in the molasses room, where it is 
kept for 25 to 30 days at a temperature of 35® 
to 40®. The blocks of crystals which separate 
are broken up with suitable bladed machines, 
and are then delivered to the centrifuges by 
means of screws or piston pumps. The result- 
ing second-product sugar is rather yellow. The 
molasses which then separates is further 
concentrated and the third massecuite sent 
to the molasses room, but no more sugar 
separates, since the various potassium and 
other salts present prevent about five times 
their own weight of sugar from crystallising. This molasses is hence sold as it is 
for the preparation of cattle-foods or for the manufacture of spirit {see p. 140). In some 
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countries, however, it is treated by special processes for the extraction of tlie sugar 
still present ,1 Every 100 kilos of beet treated yield 1 to 3 kilos of molasses. 

The first- and second-product sugars from the centrifuges are sent to the stores, where 
they are sieved to break up the crusts, which retain molasses. The two products arc often 
mixed, put up in bags holding 100 kilos, and despatched to the refinery. 

SUGAR -REFINING. The'miia sugar {-first and second products, with a purity of 88 
to 96 per cent.) is not usually placed on the market, but is purified in refineries, where it 
is dissolved in hot water, the purer and less coloured qualities of high rendement being 
kept separate from the more impure grades of low rendement. 

The solution, with a density of 37° to 39° Be., is treated with a little lime, with 3 to 4 
per cent, of animal charcoal and often with 2 jicr cent, of ox-blood, after which it is boiled, 
the frothy crust forming at the surface being continuahy broken. Tlio suspended 

matter is then removed by rapid me- 
chanica] filters or by filter-presses. The 
residue (refinery black) is utilised as a 
manure, while the hot and still coloiiied 
solution IS passed through a battery of 
fDur or SIX tower filters, 8 to 9 metres 
in height and 60 to 80 cm. in diameter, 
fi led With animal charcoal (Eig. 340 : 
A, tube for dense juice, B for dilute 
juice, G for water, D for stc'am) and 
previously heated with steam {!)) to 
prevent the sugar sejiaraihig and to 
obtain the maximum decolorising action 
of the charcoal, this being exerted in 
the hot. 

The animal charcoal or hone-hlack 
has a considerable affinity for colouring- 
matter and for lime, but only a sliglit 
one for sugar. But in course of tinu^ tlie 
pores of the charcoal become olistructed 
and its decolorising power diminished, 
so that after a few weeks iti beconuvs 
necessary to revivify the charcoal.® 

The solution is passed through Ihi^ 
filters in succession and, if necessary, 
this procedure is repeated. When th(^ 
S3rrU23y liquid is decolorised, it is con- 
C3ntratod and boiled in ordinary single- 
effect vacuum pans (of copper) until it 
shows the grain or short-thread test 
{see above). 

When the massccuito reaches this degree of concentration, it is poured into a jacketed 
copper vessel, in which it is kept at 86° to 90° to initiate the formation of large crystals. 

^ 111 home works the second product is obtained much more rapidly by the Bock or the Grossc' i>iocesh. hi 
the flibt of these, the molasbes is not left for 25 to 30 days m the molasses room but is crystallised m 4 to 5 days 
by continually shaking m large, jacketed drums heated to 90° to 95° and adding a consideiablo quantity (‘25 tt) 
30 per cent ) of ciystallised sugar. It is then allowed to cool slowly, but at certain tmicb it is heated one or two 
degiees above the temperatures it shows at those times, so that the smaller crystals formed, and these only, 
are redis&olved. When the mass has been cooled to 35°, the crystallmc blocks are crushed and centrifuged, 
the amount required (25 to 30 per cent.) to induce the molasses {see ahom) to crystallise being previously lemoved. 

In the Grosse process, the mass is kept in motion by a vertical Archimedean screw rotating in the vacuum 
pan. With this procedure, crystallisation takes place in 48 hours and, after cooling to 40°, the crystalline mass 
IS dibintegrated and centrifuged. 

I^obhch, Zschene, Ftenzel, and others have tried mixing the molasses with fresh iuico and defecating the 
mixture in the ordinary way, but this process does not seem to offer any great advantage. 

s The rendement expresses the percentage of refined sugar obtainable from the raw sugar and is determined 
indiiectly on the assumption that every 1 part of ash diminishes the refined sugar by 5 parts ; thus a raw sugar 
containing 96 per cent of pure sugai and 0 4 per cent of ash would give a rendement of 90- (0-4 x 5) ~ 94 per 
cent. The rendement is regarded as low if it is less than 94 per cent. 

» Revivification of Animal Charcoal. The charcoal is first treated with hydrochloric acid to remove the 
calcium carbonate, and if more than 1-5 per cent, of calcium sulphate then remains, this is eliminated by meiins 
of hot soda solution. After washing, the wot charcoal is allowed to ferment (first alcoholic fermentation feets in 
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It IS then allowed to flow into conical copper moulds with their apices, closed by plugs, 
underneath. The mass, which has just begun to crystallise, is well stirred, and when it has 
assumed a certain consistency it is left at rest at a temperature of 35°, so that all the 
molasses collects at the bottom and can be discharged by removing the plug. In order to 
remove the molasses completely, the sugar-loaves with their casings are introduced into 
the moulds of a Fcsca centrifuge (Fig. 341), which holds sixteen of them, arranged alter- 
nately in two superposed series of eight. 
The point of the sugar -cone communicates 
with the aperture, of the drum of the 
centrifuge, and when the latter is charged 
it is fitted m the middle with a cylinder, 
hh'k^ which rotates with the drum and is 
provided with channels, jS', communicating 
with all the cones, so that the covering 
solutions {see above) may be run in from the 
tank, r. These solutions consist of three or 
four pale syrups and three or four concen- 
trated solutions of pure sugar. In order to 
remove the last traces of yellow colour from 
the sugar and to blue it slightly, as is 
soaietimes required, the final covering sjTup 
is mixed with a minimal amount of ultra- 
marine (5 grms. per 100 ciuintals of sugar) 
or methyl or ethyl violet or, better stih, 
according to a recent suggestion, indan- 
Fia. 341. ihrene. The white loaves thus obtained are 

then dried in suitable chambers or in 
revolving apparatus, at a temperature of 55°. 

To obtain white sugar directly, the final massecuite is sometimes decolorised with 80 to 
50 grms. of blanhte per hectolitre (see Note, p. 444 ; blankite is pure, crystallised sodium 
hydrosulphite, the use of which is rapidly extending in sugar- works ; see vol. i, p. 465). 

The beet-sugar of commerce should always have a very faint alkaline reaction (towards 
phenolphthalein), since otherwise it undergoes partial 
inversion. Cane-sugar, however, has usually a slight 
acid reaction. 

Cube sugar was formerly obtained by sawing the 
large blocks, this entailing considerable loss. But at 
the present time suitable centrifuges (Adant type. 

Figs. 342 and 343) yield directly long rods of sugar 
of the requisite thickness, these being then sawn 
with a minimum of loss. A platform, F, carries eight 
vertical prisms, o, furnished vuth screws by which 
they are fixed to an upper annular disc. The latter 
is slotted (c) to allow of massecuite being intro- 
duced into the chambers (a a) remaining between 
each prism and the next, and divided into a number 
of tall narrow chambers by plates fixed in the 
grooves, 6. The platform is introduced into the cylinder, H, which fits tightly the 
periphery of the moulds, these being closed inside by a second cylinder. All the 

then acid fermentation and finally putrefaction), and is afterwards washed thoroughly with water, treated with 
steam, dried and gently ignited in long cast-iron tubes, C (Fig 344), which are heated to about 400® by the gases 
from the furnace, 4, access of air to the retorts being excluded. The cooled, free portions are then gradually 
discharged from the lower parts of the retorts (E) into covered metal waggons, so that the charcoal, which is still 
not quite cold, may not take fire in the air. The discliarge of the putrid washing water from the fermented char- 
coal into rivers causes serious inconvenience, and nowadays this water is either passed on to the soil or subjected 
to biological purification ($ee voL i, p. 222). 

The plant for decolorising with animal charcoal and the revivifying furnaces are very costly, a large amount 
of the charcoal at 20s to 24^, per quintal being required. In 1908, Germany imported 51,666 quintals of animal 
charcoal and exported 35,019, while in 1900 the imports and exports were 39,839 and 32,018 quintals respectively. 

Italy imported 4756 quintals in 1908 ; 6789 in 1909 ; and 9863, costing £15,780, m 1910. 

Soxhlet avoids the carbon decolorising plant by using filter-presses the chambers of which are- filled with a 
cake composed of wood-meal mixed with various indifferent materials (ground coke or pumice, &c.). By this 
means sugar solutions can be decolorised moderately yvell even in tfie cold^ 
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cHambers are filled with massectiite introduced through the slots, c, the whole being 
allowed to cool for 12 to 14 hours with occasional shaking. After complete cr^^stallisa- 
tion, the whole platform is withdrawn by the crane, and placed in the centrifuge, D, 



FIG. 343. 

which makes about 700 revolutions per minute. The covering is efiecled at a rodxiced 
velocity with sugar solutions entering by the tube, G, from a reservoir at a height of 5 
metres. After the sticks of sugar have been removed, the platform and moulds are washed 
with water and are then ready to receive a fresh quantity of massecuite. 
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Fig. 344. 


PiU or crushed sugar is obtained in a more simple manner by covering the crystalline 
sugar (from massecuite) in the centrifuge itself by means of water, steam, or pure' j-ugar 
solution. Slight prolongation of the centrifugation yields a hard, comjiact mass, which 
is removed in large blocks and broken into small irregular pieces (pil6 sugar) by a special 
crusher having an indented drum (Fig, 345). 
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Powdered sugar or farin is obtained by grinding Inmp sugar and any scraps between 
two smooth, horizontal rollers {d and d'. Fig. 346) which are brought near to one another 
by springs and are furnished with scrapers, /, to detach the powdered sugar ; the latter is 
subsequently sieved. Powdered sugar can also be obtained by means of the Excelsior mill 
(see Fig. 162, p. 168), which yields as much as 2000 kilos per hour of a sugar not too finely 
powdered. 

UTILISATION OF MOLASSES. The processes employed for the extraction of bcet- 
sugar yield about 3 per cent, (of the weight of beets) of molasses, i.e. of dense, dark-coloured 

syrups, containing 40 to 50 per cent, of sugar. 
This does not crystallise owing to the presence 
ill the molasses of 8 to 10 per cent, of mineral 
salts, "which prevent about five times their 
weight of sugar from crystallising. So that, in 
general, it is difficult or almost impossible to 
extract sugar by direct crystallisation from 
sjTups with a degree of purity less than 60 to 
65 per cent. The percentage composition of 
molasses varies between the following limits : 
water, 19 to 28 (mean, 23) ; sugar, 45 to 54 
(mean, 48) ; solids not sugar, 26 to 29 (mean, 
28) ; ash, 6 to 8 (mean, 7 ; largely potassium 
salts) ; invert sugar, 1-25 to 1*85 (mean, 1*65). 
The degree of purity ranges from 62 to 67 
per cent, (mean, 64 per cent.). The com- 
positions of various Italian molasses have been given in the Note on p. 140. 

The recovery of the sugar from molasses involves indirect processes which are not 
always convenient in practice, and when this is the case the molasses is employed for the 
manufacture of cattle-food or spirit (see p. 140). In spirit factories the molasses is diluted 
to 12° to 14° B6. (about 15 per cent, of sugar), when it can be fermented (see p. 140). 
100 quintals of molasses yield 23 to 25 heetols. of alcohol (calculated as anhydrous spirit) 
and 1800 kilos of CO 2 . The potassium salts are extracted from the residual vinasse by the 
process described in vol. i, p. 435. 

100 kilos of molasses give 35 kilos 
of concentrated vinasse (40° Be.), 
and by calcining this 10 kilos of 
vinasse charcoal are obtained. In 
some factories the vinasse is now 
treated for the recovery of the 
ammonia and fatty acids by the 
Effront process described on p. 155, 
without, however, losing the potas- 
sium salts,^ 

In Italy, before the modification 
of the fiscal regulations which 
taxed the defecated saccharine 

^ The molasses vinasse remaining after 
the distillation of the alcohol has a density of 
about 4** M, and contains 6 to 7 per cent, of 346. 

solids. When utilised, it is first concentrated 
to 40® Bd (100 Mbs of molasses give 35 kilos 

of this concentrated vinasse), when it contains 75 per cent, of solids with about 4 per cent, of nitrogen. About 
one-half of the solid substances are nitrogenous compounds. The solids contain 10 to 12 per cent, of betaine, 
5 to 7 per cent, of glutamic acid, and 1 to 2 per cent, of leucine and isoleucme, besides varying quantities of amino- 
acids and nuclein bases ; the non-nitrogenous constituents consist of about 15 per cent, of fatty acids (formic, 
acetic, lactic, butyric, and homologous acids), and 16 to 20 per cent, of other organic compounds not com- 
pletely investigated. Effront thinks it possible, from 100 quintals of molasses, to obtain 75 kilos of ammonium 
sulphate and 96 to 120 kilos of fatty acids, by the action of yeasts which decompose the amino-acids into ammonia 
and fatty acids, separable by distillation. But, according to E. Ehrlich, yeasts transform ammo-acids into alcohol 
and succinic acid, the formation of ammonia and fatty acids being due not to yeasts but to butyric and other 
bacteria which always occur with yeasts, and decompose the amino-acids into ammonia, fatty acids, and various 
amines just as in ordinary putrefaction. Hence the effect of the Effront process could also be obtained by adding 
to the aqueous vinasse a little putrefied meat and albwing putrefaction to proceed. The manipulation of large 
masses of putrefied liquid would not, however, be very agreeable or hygienic. 
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juices directly and left untaxed the sugar in the molasses, various factories applied certain 
of the chemical and physical methods used in other countries for the extraction of 
the sugar from molasses — by means of osmosis, lime, strontia, baryta (formerly by means 
of alcohol), &c. When these methods (see latei) are used, it is calculated that the final 
molasses does not exceed 0-5 to 1 per cent, of the weight of the original beets. 

In Italy the amount of molasses produced annually, including that from refineries, is 
300,000 to 350,000 quintals, which is utilised almost entirely m spirit factories, 00 kilos 
of anhydrous alcohol being obtained from 100 kilos of sugar. Germany produces about 
4,000,000 quintals, 2,200,000 being dcsaccharified by means of strontium, 1,250,(1(K) med 
as fodder, and 350,000 utilised by spirit factories. In 1908 England imported 84,128 tons 
for making spirit and cattle-food. In France, 340,000 quintals of molasses wcie leturned 
to the agriculturist in 1907. 

(1) Osmosis Process. This was first proposed by Dubrimfaut m 1803, and is based on 
the osmotic properties of crystalloids, which pass through a membrane immersi^d in water 
(see vol. i, p. 102). But different crystalloids traverse the membrane at varying speeds, 
the sugar, for instance, far more slowly than salts. Hence, if the molasses is placed in a 
dialyscr and surrounded with water, after a time the water will contain more salts than 



Fig. 347. 


sugar, while the molasses will be diluted with water hut will contain relatively more sugar 
and less salts than at first. 

The apparatus now used for osmosis (Fig. 347) consists of a series of wooden frames 
4 cm. in thickness and of the size of those used in filter -presses ; these are separated by 
sheets of parchment paper, the whole being pressed tightly together. The compartments 
thus formed are filled alternately with water and molasses. The tipper part of the whole 
of the osmogen constitutes an open reservoir formed by the upper vertical projections of 
the frames. The molasses for feeding the alternate chambers is placed in this reservoir 
and is kept circulating in various ways. The water chambers are fed from the lower part 
and are discharged through a common upper tube as they become enrichcid with salts. 

The osmotic effects occur best in the hot, so that the molasses is introduced at 80® and 
the water at 90®. 

The taps through which the liquids enter and leave the osmogen are regulated by 
automatic floats, which close or open the taps more or less so as to maintain a constant 
relation between the density of the exosmosed aqueous solution and that of the osmosed 
molasses. This relation is determined beforehand in the laboratory, and corresponds with 
the conditions least favourable to the loss of sugar with the osmosis water and most favour- 
able to the purity of the residual molasses. 

The exosmosed water generally has a density of 3® Brix (3 per cent, of sugar and salt 
together), and the osmosed molasses 35® to 40® Brix (measured at 75® C.) ; the latter is 
concentrated and boiled in ordinary syrup pans until it vshows the string test. Crystallisa- 
tion is carried out in the molasses room at 40® to 45® or in the Grosso apparatus. The 
crystallised sugar is separated by centrifugation and the new molasses obtained again 
subjected to osmosis. This operation is repeated once or twice more — in fact, until the 
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quantity of sugar extracted would be insufficient to pay the cost. In some cases the 
osmosis waters are concentrated and reosijiosed. 

The final molasses and the final osmosis waters — ^rich in salts and also in sugar — serve 
for making spirit, shoe-polish, or potassium salts {see p. 155). They are also given to cattle, 
but must then be diluted with solid vegetable products as an excess of salts may exert 
harmful effects. 

(2) Lime Process. Steffen found that the addition of finely powdered, sieved quicklime 
in small portions to a solution of molasses of a suitable concentration (about 12° Brix, 
i.e. 7 per cent, of sugar, obtained from 1 quintal of molasses + 7 hectols. of water), and 
kept at a temperature below 15°, results in the separation of insoluble sucrate conlanimg 
rather more lime than tricalcium sucrate, whilst the impurities remain dissolved in the 
aqueous molasses. 



Pio. 348. Fig. 349. 


The operation is carried out in a vessel (Figs. 348, 349) similar to the Grosse apparatus, 
the steam-pipes being used, however, for the circulation of cold water at about 12°, so 
that after each addition of lime, when the temperature rises 7° to 8°, it can be brought 
rapidly down below 15°. The addition of lime is continued until all the sugar is precipi- 
tated (about 100 kilos of lime per 100 kilos of sugar), this being ascertained by reading 
the clear liquid in the sae'eharometer. 

The resultant sludgy mass is filter -pressed at a pressure not exceedingly atmosphere, 
the filtrate still containing about 0*5 per cent, of sugar, which can be separated as 
tricalcium sucrate by heating the liquid to 90° and filtering. 

The cakes of sucrate are washed several times in the filter -press and the fairly pure 
residue used to defecate fresh diffusion juice before saturation with carbon dioxide ; or 
the sucrate can be treated with any cold saccharine solution so as to form the soluble 
monosucrate, the precipitated excess of lime being removed by filtration and the filtrate 
then saturated with carbon dioxide in the ordinary manner. 

(3) Strontia Process. When an excess of crystallised strontium hydroxide is added 
to a dilute sugar solution at a temperature of about 100° and the liquid boiled, a granular. 
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sandy precipitate of strontium disticrate is obtained, which is stable in the liot whilst in 
the cold it decomposes into sugar and strontium hydroxide, 

111 a suitable boiler provided with steam-coils and stirrers, a 10 per cent, solution of 
strontium hydroxide is boiled, further quantities of the hydroxide being added until a 
20 to 25 per cent, solution is obtained. The molasses is now added m amount equal io 
about one-third of that of the strontium solution, which is stirred rapidly and heated 
meanwhile. Strontium hydroxide is subsequently introduced in such amount that the 
mass has 12 to 13 per cent, of excess alkalinity. The total strontium hydroxide is i elated 
to the sugar m the molasses in about the proportion 2*5 : 1. 

The precipitated disucrate is filtered rapidly in the hot through bag-filters and washed 
with boiling 10 per cent, strontium hydroxide, the latter being recovered from the filtrate. 
The disucrate is then dissolved in a cold strontium hydroxide solution and the solution 
introduced into metallic vessels situate in an apartment kept below 10°. In the course 
of three days one-half of the hydrate separates in a crystalline form, the saccharine solu- 
tion being then decanted and the residue centrifuged. The sugar solution is then saturated 
with carbon dioxide until it shows an alkalinity of 0*05, all the strontium being tha>s 
separated as carbonate. The very pure sugar solution obtained after filtration is concen- 
trated and boiled as usual, the crystallised sugar obtained being placed directly on the 
market without being refined. 

A somewhat ditferent mode of procedure is that based on the formation of strontium 
monosucrate, but this docs not yield the whole of the sugar as the above process does. 
In Germany the desaccharification of molasses is effected almost exclusively with strontia 
ill large works specialising in such work. 

(4) Baryta Process. When solutions of molasses and of barium hydroxide are mixed 
in the hot in the proportion of 1 mol. of sugar to 1 mol. of the hydroxide, a heavy, sandy 
precipitate of barium monosucrate is formed which is stable to cither hot or cold water ; 
this is collected as usual on filters and freed from impurities by washing with cold water. 
It is then saturated with carbon dioxide in order to liberate the sugar and, after dilution 
with other sugar juices, is filtered, concentrated, and crystallised.^ 

YIELD AND COST OF PRODUCTION. Formerly a hectare of land yielded with 
difficulty 200 quintals of beet, but as the result of long-continued improvement of the 
methods of cultivation, manuring, selection of seed, &;c., as much as 300 to 400 quintals 
are now obtained, and in certain special regions {e.g. Ferraros©) as much as 600 to 650. 

Italy contains 20,000,000 hectares of cultivated land (excluding forests), 5,000,000 being 
under corn, 1,600,000 under maize, and only 50,000 under beet, the yields being as follows : 



Hectares under 
beet 

Mean production 
per hectare 

Mean price per 
quintal 

Mean quantity of 
sugar per 100 kilos 
of beet 

1905-1906 

37,600 

Quintals 

253 

Shillings 

2*01 

Blilos 

12*24 

1906-1907 

37,954 

271 

2*02 

13*56 

1907-1908 

41,000 

307 

2*15 

13*98 

1908-1909 

51,000 

280 

— 

13 

1909-1910 

36,000 

— 

— 

— 

1910-1911 

50,000 

— 

— 

— 


For every quintal of beet worked, the loss is calculated to bo 1 *6 kilo of sugar in Italy 


^ Tlie barium carbonate filtered off is converted into the oxide and then into the hydroxide by heating in 
suitable high-temperature furnaces (see vol. i, p. 502). 

This barium process was used for some time in Italy, after it had been shown that no danger to health was 
to be feared from the use of a barium compound, since this is elmiinated completely by carbon dioxide and the 
final traces by calcium sulphate. The barium hydroxide required is imported principally from America and 
Germany ; but by 1903, four factories had been erected in Italy for supplying all the baryta necessary to the 
sugar factories. One of these factories, at Calolzio, starts from barium sulphate ; another, at Milan, hcai.s the 
barium caibonate from the sugar-works ; while the remaining two, at ifoligno and Pont St. Martin respectively, 
treat barium carbonate in electric furnaces, making first barium carbide, which with water gives acetylene and 
barium hydroxide (Garelli’s process). 

Such treatment of molasses m Italy was found feasible as long as the sugar extracted in this way remained 
free from taxation, that is, while the tax was levied solely on the defecated diffusion juice. But since 1904, the 
total quantity of sugar produced, including that extracted from molasses, has been liable to duty, and the molasses 
IS consequently utilised m Uie distillery and in the manufacture of cattle-food. But recently some sugar factories 
have resorted to treatment of the molasses with barium sulphide, which is much cheaper than the hydroxide 
and is obtained directly from the sulphate in the electric furnace, 
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and only 1 kilo in Germany. The cost of cultivating 1 hectare of beet, including manure, 
transport, &c., amounts to £12. 

Italian manufacturers calculate that m bad seasons the[production of 100 kilos of refined 
sugar requires 10 quintals of beet, the cost of working these being Is, to 85. (including 3s. 
for coal). Refining costs about 5s. 6d, (100 kilos of^raw sugar give about 90 of refined). 

In Germany jlOO kilos of beet gave not more than 8-4 of sugar in 1870, about 12*5- in 
1890, and 15*8 (including that from the molasses) in 1909-1910. The mean production 
per hectare was 246 quintals of beet in 1871 and 300 in 1910. 

The consumption of coal in workmg 100 kilos of beet in Germany was 35 kilos in 1867, 
24 kilos in 1877, 10 kilos in 1890, and 7 kilos (8 in Italy) in 1900. By the use of Kestner 
concentrators (see above) a further saving in coal has recently been effected. 

Every 100 kilos of beet treated yield 3 kilos of molasses (including 0*5 kilo from the 
refining process) containing 45 to 50 per cent, of sugar. 

Each quintal of beet gives 80 kilos of exhausted and pressed pulp or slices containing 
70 per cent, of water. 

The cost of manufacturing 100 kilos of cane^sicgar in Java varies from 12s, to 16^., 
and transport to England or the United States amounts to 2s. per quintal. 

STATISTICS.^ The history of the development of the sugar industry in Europe and 
the importance this industry has assumed during the past quarter of a century have already 
been discussed on p. 448. Reference has also been made to the production of cane-sugar 
compared with that of beet-sugar. While in 1854 beet -sugar formed only 14 per cent, of 
the world’s total production (1,423,000 tons), in 1866 the proportion was 30 per cent, (on 

^ The Commercial, Customs, and Fiscal Conditions of the sugar industry in Italy and other countries. 
In some countries this great industry has been extended artificially owing to the direct and indirect help afforded 
by the State, and to the speculations of financiers. With the excuse of protecting national industries, Go\eni- 
inents have levied heavy Customs duties, with the result that the public has paid dearly for its sugar, while manu- 
facturers have accumulated enormous profits and have been enabled to export sugar at less than cost price to 
other countries. At first the protective duty was from 24s. to 32s. per quintal, while in France it was raised 
to 64s. The form taken by the protection was then changed by the institution of export bounties, which allowed 
the sugar to be sold abroad at a low price, while large profits were made owing to the high prices at home and 
to the bounties. First Belgium and then France established a bounty of 8s. to 10s. for every qmntal of sugar 
exported, BYance being thus subjected to an enormous burden amounting to over £2,000,000, without counting 
the rebate on the freight from the factory to the frontier. This enormous sum has been paid by the mass of the 
population, to the exclusive advantage of a few manufacturers (rule of the M61me Ministry) 

In Germany and Austria, where the export bounties were relatively low, the manufacturers formed sale 
syndicates (cartels), which operated in the following maimer : the manufacturers pledged themselves to supply 
all the raw sugar to the refiners, who granted a bounty of 24s. per quintal to the manufacturer and sold the sugar 
to the home consumer at a very high price, there being no fear of competition, as they enj'oyed a monopoly. The 
sufferers, as always, were the consumers. The home profits were so enormous that sugar could be sola abroad 
at less than cost price and competition thus vanquished. On the other hand, England, the greatest consumer 
of sugar, found its markets deluged with cheap Continental sugar, which competed seriously with that fiom its 
Colonies, which had also become considerable exporters. 

Under these conditions a more rational solution was found for the problem of sugar with reference to inter- 
national commerce. The initiation of such an undertaking could come only from En^and, who was able finally 
to impose her conditions on all countries sendmg sugar to her markets. The Brussels Convention, convoked 
on September 1, 1902, was subsenbed to by England, Germany, Austria, France, Belgium, Holland, and Italy. 
The result was the abolition of export premiums and the reduction of the boundary duty to 6a. per quintal above 
the manufacturing tax, from September 1, 1903, onwards. Such duty was to be enjoyed only by those countries 
conforming to the Brussels Convention. 

Italy did thus conform in a modified way : the boundary duty remained as before, namely, 23s. for first quality 
and 16s. 6d. for second quality, while a pledge was given not to export sugar to other countries and to impose 
an exceptionally heavy Customs duty on countries not adhering to the Brussels Convention (especially on Bussia 
and the Argentine Bepublic ; but Bussia entered the Convention in January 1908, and pledged herself to export 
for SIX years not more than 200,000 tons per an num of bounty -fed sugar. After 1908 England held herself free 
to import premiumed sugar without imposing supertaxation). Spam and Sweden were treated like It^y by 
the Brussels Convention, to which then Luxemburg, Peru, and Switzerland conformed. In Spain there is now 
an overproduction crisis. 

This IS the regime now in force in Europe. But in Italy the price of sugar fell, owing to overproduction and 
frenzied competition, to 92s. per quintal, so that in 1901—1903 almost all the sugar factories showed either minimal 
profits or considerable losses. Indeed, deducting the tax of 56a , there remains 36s. as the price of the sugar. 
And, accordmg to the manufacturers, 10 quintals of beet, giving 1 of sugar, cost 16s , while the cost of production 
of crude sugar is 8s. (including 4s. for coal), that of reflbamg about 6s. id, and that of transport Is. 8d : total, 
32s. Thus only 4s. remains to provide interest on capital as well as depreciation. Hence, in 1904, all the sugar- 
makers combined to form a syndicate and raise prices, and early in 1905 an increase of 16s. (to 108s.) per quintal 
was enforced ; with a production of 1,000,000 quintals, this amounted to an annual burden on the consumer of 
£800,000. Adding to this the protective duty of £1,200,000, it will be seen that, for the luxury of a native sugar 
industry, the Italians pay an a nnual tax of £1,200,000 to £2,000,000, the sole gainers being some 30 fiictories with a 
capital of about £3,200,000 ; this in spite of the fact that Germany and Austria would supply sugar at 24s. to 26s. 
Xier quintal, so that, leaving aside the taxation of £2,800,000, sugar could be sold atlOd.insteadoflSd. per kilo. 

The sugar manufacturers state that, owmg to various causes, their capital yields on an average only 6 per 
cent. But it can, only be regarded as a mistake to keep an industry alive under such artificial conditions, when 
the consumer evidently suffers considerable injury and the advantage to the agriculturist and the operative is 
doubtful and in any case minimal. 

Attempts recently made to remedy this state of affairs have been unsuccessful. 
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a total of 2,000,000 tons) ; in 1878, 44 per cent, (on 3,000,000 tons) ; in 1887, 47 per cent, 
(on more than 5,000,000 tons) ; in 1893, 55 per cent, (on about 6,000,000 tons) ; in 1899, 
64 per cent, (on 7,500,000 tons) ; in 1901, 67 per cent, on almost 9,000,000 tons. In 1909- 
1910 cane-sugar again assumed first place, constituting 53*5 per cent, of the total world’s 
production of nearly 15,000,000 tons. In Europe the total area under beet is about 2,000,000 
hectares, about 43,000 hectares being in Italy. 


Country and year 

l^To of 
factories 

Production ot 
beets (6) oi 
sugar-cane (c) 

Output of 
raw sugai 

Remaiks 

Europe 



Tons 

Tons 


Germany . 

. 1903 

384 

12,171,000 h 

2,293,000 

In 1907, 417 factories and refiwu’ies 





wmrked 14,187,000 tons of beet, 
obtaining 1,950,000 t.ons of raw' 
sugar In 190.5-1906 tlu' pio- 
duction was 2,400,000 tons, and 
in 1909-1910, 2,037,400 tons 





1 Anstria-Huiiuary 1903 

215 

7,542 600 b 

1,290,000 

355,000 tons in 1886: 665,000 




8,507,000 m 1008 

in 1894 ; 865,000 m 1900 ; 

1,334,000 in 1906; 1,259,000 
tons in 1909-1910 


Fiance 

. 1903 

296 

6,315,300 b 

1,080,000 

Equal to 691,000 tons ot rcflncd , 





807,500 m 1909 

in 1904, 540,000 tons 

Russia 

. 1903 

275 

7,604,000 b 

1,000,000 

425,000 in 1887 ; 578, aOO m 1894 , 




8,800,000 m 1908 


1,300,000 m 1006; 1,144,000 
tons in 1909-1910 

Belgium . 

, 1003 

100 

1,615,000 b 

325,000 

241,000 in 1909-1010 

Holland . 

. 1003 

29 

1,023,000 b 

204,000 

175,000 in 1909-19 to 

Italy 

. 1909 

31 

1,050,000 h 

105,000 

Or 150,000 refined 

Spam 

. 1904 

32 

580,000 b 

64,300 

60,000 in 1905 ; 108,310 (in 49 






factoiies) in 1008 ; 86,000 in 
1910 


. 1004 

27 

250,000 c 

24,500 

After 1906 there was ovoipinduc- 






tion. Cultivated between Gib- 
raltar and Almena : 28,820 

tons in 1905 ; 140,600 in 1908 , 
22,000 m 1910 

Denmark . 

. 1903 

7 

415,000 h 

65,000 

58,500 in 1909 

Roumaiua 

. 1904 

5 

182,700 b 

23,500 

Sweden . 

. 1909 

21 

864,400 6 

122,000 

Only 4000 in 1886 

1 America 





United States 

. 1903 

70 

1,500,000 b 

300,000 

12, ()()() in 1893 ; 327,000 m 1004 ; 






433,000 in 1907; 450,000 in 

1909-1910 

,, V, 



c 

170,000 


J, JJ 



maple 

12,000 

5400 111 1880; 10,000 m 1907 
1,140,000 (hotiK* consumption, 

Cuba 

. 1904 


e 

1,050,600 

Tiinulad . 





26,000)111 1905-1906 ; 1,450,000 
in 1907 ; 970,000 in 1907-1908 , 
1,520,000 in 1008 - 1909; 
1,459,0()0 in 19] 0-1911 

. 190G 


c 

54,000 

45,600 in 1907 ; 41,600 in 1008 

Other Antilles, 

Central 




America 

. 1906 


c 

410,000 


1 South America (Dem- 



Argentine in 1909 produced 1 15,000 

erara, reru, 

Argon- 




and consumed 150,000 tons 

tine, Brazil) 

. 1902 


c 

440,000 

Mexico 

. 1909 


c 

160,000 

143,000 (and 70,000 molasnes) in 






1908; <‘xi)orts £400,000 to 
£600,000 

A sid 






Java 

1909 


c 

1,312,406 

1,285,000 in 1907 

Philippines 

East Indies 

. 1909 


c 

94,000 exported 

Production, 122,000 tons in 1907 
and 138,000 ui 1908 

. 1004 


c 

1,300,000 

A ustralia 

. 1902 



470,000 


Afnea 

. 1902 





1 (Egypt, Reunion, and 





1 IMauritiiis) 



c 

280,000 

f 45.000(1904) 


1 Formosa (for Japan) | 

17 

c 

\ 71,000(1906) 


1 

1910 



1206,000 (1910) 
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The world’s production of sugar and that of the various countries is shomi in the 
Table on the opposite l^agCj which also gives the number of sugar factories. 

The total world’s production of sugar is given by about 1400 factories and 300 refineries, 
and in 1904-1905 amounted to 11,684,000 tons of raw sugar, in 1905-1906 to 13,762,000 
tons, m 1906-1907 to 14,420,000, in 1907-1908 to about 13,500,000, and m 1909-1910 to 

16.200.000 tons, nine million tons of this being cane-sugar. 

In Japan a single refinery at Moji produces 2500 quintals of refined cane-sugar daily, 
and it IS proposed to double the output. Two other refineries are found at Osaka and 
Tokyo respectively. These work mostly raw sugar from Java and export a considerable 
quantity of refined sugar to China and Corea. Formosa produced in 1907 about 70,000, 
in 1908 about 100,000, and in 1910 more than 200,000 tons of cane-sugar. 

In 1910 the areas under beet in the various countries of Europe were as follow 
(hectares) : Russia, 675,000 ; Germany, 470,000 ; Austria-Hungary, 365,000 ; France, 

235.000 ; Belgium, 67,500 ; Holland, 55,000 ; Italy, 32,000 in 1903, 38,000 in 1906, 51,000 
in 1908, 36,000 ill 1909, 50,000 in 1910 ; Sweden, 35,000 ; Denmark, 22,500 ; Spain, 18,000 ; 
Roumania, 13,000 ; Servia, 3300 ; Bulgaria, 1700 ; Switzerland, 950. 

To give an idea of the progress made by the beet-sugar industry during the last 50 
years, the production of raw sugar in the two countries where this indusliy has developed 
most is given in the following table : 


111 France 


Germany 

In Germany 

Yield of siigai pel 
100 kilos beet 

Annual consump- 
tion per head 

0 

Tons 

Tons 



1840 . 

22,784 

14,200 

5*9 kilos 

2-5 kilos 

1850 . 

62,165 

53,300 

7-3 „ 

3*1 „ 

1860 , 

126,480 

126,520 

8-6 „ 

4 3 „ 

1870 , 

282,136 

186,000 

8-6 „ 

4-7 „ 

1890 . 

750,000 

1,336,000 

12-5 „ 

8-5 „ 

1903 . 

1,080,000 

1 1,921,000 

14*4 „ j 

13 

1905 . 

— 

1,605,000 

14*9 „ 

14-9 „ 

1906 * 

730,000 ■ 

2,400,000 

14*7 „ 

17 0 „ 

1909 . 

807,500 

2,037,400 

‘ 16*3 ,, 

19-5 „ 


The production in France varies, since the agriculturists require as much as 3^. per 
100 kilos of beet. While the consumption was 40,000 tons in 1887 and 527,000 in 1902, it 
rose to 600,000 tons in 1908, owing to the modification of the fiscal conditions of 1903- 
1904. The number of workpeople occupied for about two months was 38,000 in 1908, with 
an awage wage of 3^. per day. The area under beet in France in 1907 was 210,000 hectares. 

Some of the large factories in France and Belgium have diffusion plants m the middle 
of the beet -growing districts, the sugar juices after treatment with lime being forced 
through pipes, often several kilometres long, to the factories, where they are further 

England imported 1,583,000 tons of sugar, and in 1909 about 940,000 tons of 
refined and 815,000 tons of raw sugar. In 1910 the imports were 98,000 tons of raw sugar 
and 84,400 tons of refined sugar, the total value being £24,554,000 ; the exports were 
31 000 tons. The United States imported 2,095,000 tons of raw sugar and 76,000 tons 
of refined sugar m 1910, and 2,049,000 tons (£19,873,600) of raw and 160,000 tons of refined 


"^In Germany the beet-sugar industry has reached its greatest perfection and magnitude, 
and from 1880 to 1902 Germany was the largest exporter (as much as two-thirds of its own 
output). In 1909-1910, in spite of the diminution of exports resulting ^om the Brussels 
Convention,! Germany exported 423,000 tons of refined sugar and 310,000 tons of the 
1 Thf^ Fiscal Svstem in Germany from 1841 to 1866 was based on the quantity of beets, the ohject being 

leirpev^Lui of beet, being assumed that 12 6 Mos of beet were required to give 
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raw product, tlie home consumption being 1,260,000 tons. The exports were 740,000 ions 
in 1890, 883,000 in 1904, and 1,145,000 in 1906. In 1908-1909, 358 factories and 39 re- 
fineries were working in Germany. Certain German factories, employing 46 workmen, treat 
4000 to 5000 quintals of beet, but in Italy many more employees are required. In 1909- 
1910 Germany produced 10,600,000 tons of beet, but in 1910-1911 only 5,200,000 tons. 

In Austria large batteries of diffusors are used and a more complete exhaustion is 
obtained even at a lower temperature ; in general, indeed, the modern plants arc more 
perfect than those in Germany. In 1908 Austria-Hungary exported 610,000 tons of refined 
and 195,000 of raw sugar. 

The following Table shows, for different countries : I, manufacturing tax in pence per 
kilo ; II, retail price in pence per kilo ; III, mean annual consumption in kilos per head 
in 1899 and 1909 ; IV, mean quintals of beet produced per hectare in 1908-1910 ; V, 
kilos of refined sugar obtained from 100 kilos of beet ,* and VI, kilos of refined sugar from 
1 hectare. 



I 

II 

III 

IV 

V 

VI 

England . 

0*96 

5*3 

1899 

40 

1909 

41*1 




United States . 

0*96 

4*8 

28*4 

37*2 

220 

12*44 

2706 

Switzerland 

0*67 

4*8 

25*7 

30*2 

— 

— 

— 

Denmark 

0*575 

6*7 

21-6 35-5 

287 

13*82 

3950 

Sweden and Norway . 

2-88 

7*7 

15.7 r24-5\ 

‘ 1,17-8 J 

266 

14*26 

3803 

Germany . 

1*92 

6*2 

13*7 

19*7 

284 

16*35 

4809 

Holland . 

5-47 

9*6 

13 

19*8 

257 

14*80 

3803 

France 

2-6 

7*2 

12-8 

16*9 

265 

13*03 

3445 

Belgium . 

1*92 

6*7 

10-5 

15*1 

281 

14*37 

4032 

Austria-Hungary 

3*45 

8*15 

8*3 

11*2 

249 

15*74 

3909 

Russia 

27 

8*25 

6 

9*1 

136 

16*37 

2230 

Spain 

0*77 

8*15 

4*5 

54 

289 

11*88 

3439 

Portugal . 

— 

' — 

6 

6*2 

— 

— 

— 

Greece 

24 

8*15 

3 

3*8 

— 

— 

— 

Roumania . 

— 

1 - 

3*5 

4*1 

165 

14*53 

2392 

Turkey 

5*47 

9*6 

3*5 

5*7 

— 

— 

— 

Italy 

6*7 

144 

2*8 

3*9 

299 

11*27 

3378 

Servia 

3*17 

7*7 

3 

3*5 

■ — 

— 

— 


The influence of the price of sugar on the consumption is shown not only by the above 
Table but also by the following significant facts : when the manufacturing tax was reduced 
by 40 per cent, in France in 1903-1904, the consumption increased by 61 per cent. ; in 
Germany a 33 per cent, reduction in the taxation produced an increase of about 60 per 
cent, in the consumption, and in Belgium 55 per cent, more sugar was consumed as a 
result of the lowering' of the tax by 29 per cent. 

In Italy the sugar industry has developed only within the last fifteen years {see p. 477), 
as is shown by the Table on p. 481 (in 1906 the 39,500 hectares under beet gave a mean 
yield of 270 quintals of beet per hectare, the limits being 328 and 177). 

1 kilo of sugar ; but even in 1870 1 kilo of sugar could be obtained from 11*9 kilos of beet, and in 1887 from 
8 1 kilos. But Since the exports increased enormously and tbe taxes refunded remained the same, the manu- 
facturers enjoyed indirectly a considerable export bounty, which diminished the Exchequer receipts from £8,000,000 
to less than £760,000 (1888), A modification was hence made in the system of taxation, sugar produced and 
consumed at home paying a tax of £1 per quintal, while that exported was freed from tax and received a bounty 
of 2s, 6d. (raw) or 3s. Qd, (refined) per 100 kilos (1896-1903). Eurther, the import duty was left at £2 per quintal, 
so that G-erman producers were allowed to sell their sugar at high prices at home (even during the abundance 
of 1900-1901) and to employ part of their profits to lower the price of sugar sold abroad in competition with other 
countries. After the Brussels Convention, however, export bounties ceased and the import duty was reduced, 
to 5s, 4- 16s. (manufacturing tax in Germany). Under these new conditions, the exports diminished somewhat, 
but the home consumption increased owing to the lowered prices. The wholesale price in 1910 was £2 per quintal 
(that of sugar for export, without tax, being 19s.) ; the retail price was lid, per kilo in 1876, 7d, in 1902, and M. 
in 1910. The German Government received £5.750,000 m sugar taxes in 1900-1901 and almost £8.000.000 in 
1909-1910. 
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Year 

Output 
of raw 
sugar 

Imported 

raw 

sugar 

Total consump- 
tion of 
refined sugar 

Eemarks 

1887 . 

Tons 

184 

Tons 

140,000 

Tons 

125,500 

100 tons of raw sugar taken as 

1889 . 

632 

78,000 

71,000 

90 tons of refined 

1894 . 

2,090 

75,000 

70,000 


1897 . 

3,336 

75,500 

71,000 


1901 . 

73,800 

37,100 

99,880 


1902 . 

95,166 

20,000 

100,000 


1903 . 

128,000 

5,200 

120,000 

Overproduction of 25,000 tons 

1904 . 

79,000 

2,100 

73,000 


1905 . 

112,000 

5,100 

112,000 


1906 . 

136,000 

15,000 (?) 

138,245 

Mean yield of refined sugar from 

1906-1907 . 

106,400 

23,738 (?) 


the beets, 11*86 per cent., 
the mean content being 13*56 
per cent. ,* loss m workmg, 
1*70 per cent. 

1907-1908 . 

136,000 

4,903 

' 145,000 



The Italian Government received £60,000 in manufacturing tax and £2,680,000 in 
import duty in 1897, about £2,560,000 in tax and £320,000 in Customs duty in 1903, 
£3,920,000 in tax and £66,000 in Customs duty in 1909-1910. The production of beets in 
Italy was 1,256,660 tons m 1909 and 1,679,070 tons in 1910, the output of sugar being 
161,600 tons in 1908-1909, 107,200 tons — ^from 9,670,700 quintals of beet — in 1909-1910, 
and 170,000 tons in 1910-1911. In 1910 Italy imported 5800 tons of first-grade and 655 
tons of second-grade sugar. 

DETERMINATION OF SUGAR -CONTENT. Sugar is estimated in various ways. 
With an aqueous sugar solution, the content of saccharose can be determined by means 
of the specific gravity at 17*5°, compared with water at 17*5°, this being measured by 
hydrometers, pyknometers, &c. (see vol. i, p. 72). In the factory, use is generally made of 
a hydrometer (saccharoTneter), which, at 17*5°, gives directly the percentage of saccharose 
present. 

These saccharometers were first proposed by Balling and were subsequently corrected 
by Brix, degrees Brix expressing the percentage of sugar. In France and Belgium, and 
sometimes also in Germany, saccharometers gauged at 15° and referred to water at 15° 
are used, and the Berlin Royal Commission for the control of standards prescribed the 
use of saccharometers giving the density of solutions at 20° referred to that of water at 4°. 

The following Table gives the densities and degrees Brix (grammes of sugar per 100 grms. 
of solution) for the temperature 17*5°, and also, for each 10°, the values from the other 
two Tables, so that the intermediate values in these two Tables can be calculated roughly. 
The saccharometer is read with the precautions and in the manner indicated on p. 74 
of vol. i and on p. 147 of this volume. The Table gives densities above 66° Brix, which 
cannot be determined by hydrometers, but which serve to calculate the degree of purity 
of impure saccharine solutions (molasses, &e. ; see later). 


n 


31 
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MA.TEGCZEK AND ScHEIBLEb’S TaBLE, GIVINa THE SPECIFIC GRAVITIES AND 
Degrees Brix of Saccharine Solutions 


Sp. gr. 

03 

Sp gr. 

17 5° 

17 5° 

Q 

IT'S- 

1 00388 

1 

1*08778 

1 00779 

2 

1 09257 

1 01173 

3 

1*09686 

1 01570 

4 

1 10145 

1 01970 

5 

1 10607 

1 02373 

6 

1*11072 

1 02779 

7 

1*11541 

1 03187 

8 

1-12013 

1 03599 

9 

1-12488 

104011 

10 

1-12967 

ri5®i 

1*04027 

10 

rl5^T 

1-12999 [jjs] 

r20°i 

10S8143[^.^J 

10 

1-126984[^] 

1 04431 

11 

1-13449 

1 04852 

12 

l-le3934 

1 05276 

33 

1-14423 

1 05703 

14 

1 14915 

1 06133 

15 

1 15411 

1 06566 

16 

1-15917 

1 070U2 

17 

1-16413 

1 07441 

18 

1-16920 

1 07884 

19 

1-17430 

1 08329 

20 

1-17943 

ri5°-i 
1 08354 [^1 

20 

I.IV9S5g] 

r20''n 
1 080959['“^J 

20 

ll-6447[^] 


1 23330 


1 23832 
1-24390 
1 24951 
1 25517 
1 26086 
1 26658 
I 1 27235 
I 1 27816 
; 128400 
; 128989 

: 1 29056 [jg,J 
. l-285456r^1 


Degrees 

Biix 

Sp. gr 
, 17 5“ 
at - .5 

1/ 5° 

tr 

% M 

P 

41 

1 29531 

61 

42 

1 30177 

02 

43 

1 30777 

63 

44 

1 31381 

64 

45 

1 31989 

65 

46 

1 32601 

06 

47 

1 33217 

07 

48 

1 33836 

08 

49 

1*34460 

69 

50 

1 35088 

70 

1 50 

rl5°-] 
I 35182[j^„] 

70 

1 50 

r20° 1 
1 347174[^J 

70 

51 

1 35720 

71 

52 

1 36355 

72 

53 

1 36995 

73 

54 . 

1 37639 

74 

55 

1 38287 

75 

56 

] 38939 

70 

57 

1 39595 

77 

58 

1 40254 

78 

59 

1 40918 

79 

60 

1*41586 

80 

] 60 

ri5% 

li3628[-^^,] 

80 

] 60 

r20®i 

1411715[^J 

I 80 


SP gr o 

17 5° b, 3 


“2210 [il 

,I79976[|n 

1 49199 
1 49915 
1 50635 
1 51359 
I 52087 
1*52810 
1 53550 
1*54290 
1 55040 
1 55785 

1-56165 -J 


If the degrees Brix are read with solutions at temperatures other than the normal, 
corrections must he made by means of the following Tables : 



Shammer’s Table for reducing to 17-5^ Degrees Brix read at Different 

Temperatures 


Temperature 


These 

corrections 


from the ohseived 
Bnx degrees 


These 
corrections 
to he added 
to the observed 
Bnx degrees 


Degrees Brix of the Solutions 

f, 

5 

10 

15 

20 

25 

30 

35 

40 

50 

GO 

70 

75 

018 

0*19 

0 21 

0 22 

0*24 

0*26 

0 27 

0 28 

0*29 

0*33 

0 35 

0 39 

0*11 

0*12 

014 

0 14 

0*15 

0*16 

0-17 

0-17 

0 17 

0*19 

0 21 

0*25 

0-02 

0 03 

0 03 

0 03 

0 04 

0-04 

0-04 

0*04 

0-04 

0*05 

0 05 

0-06 

0-03 

0 03 

0-03 

0*03 

0 03 

0*03 

0 03 

0 03 

0*03 

0 03 

0 03 

0*02 

0*08 

0 08 

0*09 

0-09 

0 10 

0*10 

0-10 

0-10 

0*10 

0-10 

0 08 

0‘06 

0 20 

0*22 

0-24 

0-24 

0 25 

0 25 

0-25 

0-26 

0-26 

0 25 

0*22 

0*18 

0*32 

0 35 

0 37 

0*38 

0 39 

0*39 

0*39 

0*40 

0-42 

0-39 

0-36 

0*33 

0 44 

0*47 

0*49 

0-51 

0 63 

0-54 

0 55 

0-55 

0*58 

0-54 

0-51 

0-48 


Example . — If a sugar solution shows 40° Brix (^.e. 40 per cenf. of sugar) at a tempera- 
ture of 23°, 0-4 must be added to reduce the reading to the true Brix degrees at 17° ; so 
that 40 + 0*4 = 40*4 degrees Brix at 17°, 
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Scheibler’s Table showinc4 Degrees Bbix at 15° and the CoRRESPONDma 
Degrees at other Temperatures (from 10° to 25°) 


Temperature 



Deguees Buix on Percentage 

OE Sugar 




10® 



5-15 

10 19 

15 22 

20 24 

25 27 

30 29 

35 30 

40-31 

50-33 

60 35 

70-36 

75-36 

12® 



5 10 

10 12 

13 14 

20*15 

25 17 

30 18 

35 18 

40 19 

50 20 

60 21 

70 21 

75-21 

14® 



5 04 

10 04 

15 05 

20 05 

25 06 

30 06 

35 06 

40 07 

50 07 

60 07 

70 07 

75-07 

15® 



5 00 

10 00 

15 00 

20-00 

25 00 

30-00 

35 00 

40 00 

50 00 

60 00 

70 00 

75-00 

17® 



4 92 

9 91 

14-90 

19 89 

24 88 

29 87 

34 37 

39 87 

49 86 

59 86 

69 86 

74-86 

19® 



4 83 

9 80 

14 78 

19-77 

24 75 

29 74 

34 73 

39-73 

49 72 

59-71 

69 71 

74-71 

21® 



4*72 

9-69 

14 66 

19 64 

24 62 

29 60 

34 59 

39 59 

1 49 57 

59 57 

69-57 

74*57 

23® 



4 61 

9*57 

14*53 

19 50 

24 48 

29 46 

34 45 

39-44 

49-42 

69 42 

69 42 

74*42 

25® 



4 49 

9 44 

14*40 

19 36 

24-34 

29 32 

34-30 

39 29 

49-27 

59-27 

69 27 

74*28 


Example , — If a solution reads 19-36° Brix at a temperature of 25°, this would corre- 
spond with 20° Brix at the normal temperature of 15°. For intermediate values, either of 
temperature or of concentration, the corresponding results are easily obtained by inter- 
polation. Thus, 18° Brix at temperature 15° would give, at other temperatures, values 
higher than those corresponding with 15° Brix by three-fifths of the difference between 
the values in the 15° Brix and 20° Brix columns. So that a solution showing 18° Brix at 
the temperature 15° would show, at the temperature 17°, 14-90 + (19*89 14*90) « 
14*90 + 2*99 ^ 17*89° Brix. 

In the quantitative determination of sugar, use is commonly made of its action on 
polarised light {see pp. 26 and 330), this being measured in the polarimeter. The rotatory 
power of a sugar solution is proportional to the concentration and almost independent of 
the temperature. In these determinations it is necessary to use pure sugar solutions, 
decolorised by means of a little basic lead acetate, which precipitates the albuminoids, 
colouring-matters, and other impurities ; the filtered solution is examined in the polari- 
meter. If the saccharose is accompanied by another optically active sugar — for instance, 
glucose (dextro-rotatory) — ^allowance must be made for the rotation of the latter. In such 
a case the diminution in rotation produced by inversion of the saccharose with dilute acid 
would give the amount of this sugar. 

POLARIMETERS AND SACCH ARIMETERS.^ One of the best-lmown polarimeters 
is the Laurent shadow instrument (Fig. 351 ), which contains, in place of the compensator 

^ It has been mentioned already {see p 26) that crystals of Iceland spar and quartz have the property of 
decomposing a ray of light into two polarised rays, the ordinary and the extraordinary. If a prism of Iceland 
spar with length greater than the breadth, with its acute angle 
of 68°, is cut diagonally and lengthwise so as to divide it into 
two rectangular triangular prisms (Eig 350), and these be 
cemented together again with Canada balsam, the result is 
a Nicol prism. When a ray of light, Im, enters the rncol, of 
the two refracted rays {mo, mp), the ordinary one, mo, is 
totally reflected by the layer of Canada balsam and is thrown 
out of the crystal {or), whilst the extraordinary ray, mp, 
passes through the prism {pqs) and emerges polarised. This 
ray is able subsequently to traverse a second nicol only when 
the principal section of this analysing nicol is parallel to that 
of the first polarising nicol. If, on the other hand, the two 
principal sections are perpendicxilar, the ray undergoes total 
reflection and will not pass through the second nicol ; in 
intermediate positions, varymg quantities of light are allowed 
to pass. If a layer of water is placed between the perpen- 
dicular nicols, stiU no light will pass through the analyser. 

But if a sugar solution is interposed, the light passes with a 
greater or less intensity through the analyser, which must 
be rotated through a certain angle (proportional to the quantity of sugar) to produce total disappearance 
of the light. In order to determine exactly when the luminous ray is extinguished (even iu this case 
a 'kind of half-shadow is always observed), Solcil attempted to divide the luminous field into two halves 
with complementary colours. Indeed, if a ray of polarised light is passed through a quartz plate iflaced 



Fig. 350. 
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and double-polarisation quartz plate, a special semicircular quartz plate, Z>, half a wave^ 
length in thickness and occupying one-half of the field. The polariser, B, is rotated by 
means of the rod, X, and the rotation which restores the two halves of the field to the 
same luminosity is indicated on a graduated circle, (7, provided with a vernier, read by 
means of the lens, N, and illuminated by the mirror, M. 

The source of monochromatic light is a double Bunsen flame coloured with sodium 
chloride, the light being collected by the lens, B, and the observation made through the 
eye-piece, 0. The scale of the apparatus is regulated by the screw, so that it reads 
zero when the two halves of the 
field are equally illuminated. 

If a tube containing a liquid, 
interposed between the two 
nicols, causes the right-hand 
half of the field to darken, the 
liquid is dextro-rotatory, while 
darkening of the left-hand half 
indicates a Isevo -rotatory com- 
pound. Brom the rotation read 
on the scale, the specific rota- 
tion can be calculated by the 
formulae given on p. 27. 

The practical examination 
of sugars is made with polari- 
meters furnished with special scales and known as saccharimeters ; the Laurent polari- 
meter has a saccharimetric graduation as well as that showing circular degrees. 

In the French saccharimeters (Soleil and Laurent) the 100 division corresponds with 
a normal aqueous solution of pure saccharose (obtained by precipitation of a very concen- 
trated aqueous solution with alcohol and drying at 60° to 70°) containing 16*350 grms. in 
100 c.c. at 17*5°, the reading being made in a tube 20 cm. long (the same reading is given 
by a quartz plate 1 mm. in thickness). In the German instruments (Ventzke-Scheiblcr, 
Schmidt and Haensch) the 100 reading is obtained with a length of 20 cm. of a saccharose 
solution of sp. gr. 1*1, which contains 26*048 grms. per 100 c«c. at a temperature of 



between tbe two nicols, one half of this plate being dextro- and the other Isevo-rotatory, and the junction 
of the two lying exactly on the axis of the light, the two halves of the field will appear lUuminated with com- 
plementary colours. If the plate is 3-75 mm. in thiclmess and the analyser is rotated through 24*5®, the two 
halves of the field are ahnost completely extinguished and assume a pale red coloration, similar in the two halves. 
But if a sugar solution is interposed, the two halves assume different colours, extinction being restored by rotation 
of the analysing nlcol. Later Soleil suggested compensating the rotation of the sugar solution by introducing, 



Fig. 352. 


to a greater or less extent, between the nicols, a conical quartz plate or compensator, moved by a rack indicating 
on a scale the thickness of the plate and hence the equivalent rotation. The more modem saccharimeters of the 
Soleil-Ventzke type have two compensators, each formed of two quartz wedges (MN and HK, Pig. 362) of opposite 
rotations, and are fitted also with the Lippich polariser formed of three nicols (P), which give a field divided into 
three zones ; when these zones are not equally illuminated, the two lateral ones show* a colour different from 
that of the middle one. The analyser is enclosed m a metal box to protect it from dust. The two compensators 
with their scales axe regulated by two screws, V and V\ When the two scales indicate zero, the three zone^ 
should be equally iEmmnated. 
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17*5°.^ So that a reading of one division corresponds with 0*26048 grm. of saccharose per 
100 o,c., or 1 grm. of sugar per 100 c.c, gives a reading of 3*839 divisions. 

The source of light for modern saccharimeters is an incandescent gas-burner enclosed 
in a blackened metal chimney fitted with a ground-glass window, or an incandescent 
electric lamp of at least 32 candle-power with a ground-glass globe and also enclosed in a 
black case. In order that the apparatus may not become heated, the lamp should be placed 
at a distance of about 15 cm., and to render the luminous fields more distinct the light is 
passed first through a glass cell with parallel walls filled with 6 per cent, bichromate solu- 
tion in a layer 15 mm. thick ; in this way the more refractive rays are absorbed and a 
uniform yellow light obtained. The normal tube of the saccharimeter contains a layer of 
liquid exactly 20 cm. long, but for very dilute and slightly rotating solutions tubes of 30, 40, 
and 50 cm. are used, whilst for solutions which are not qmte colourless lubes of 10 or 
5 cm. may be employed ; in all cases the readings are referred to the normal length of 
20 cm. Some tubes are provided with an aperture for the introduction of a thermometer, 
so that the temperature of the solution may be read in the instrument. 

The saccharimeter scale extends from 0 to 100 divisions on the positive side and to 
— 30 on the negative side. The integral divisions 
are given by the zero of the vernier, N (Fig. 353), and 
the decimal parts by that division of the vernier 
scale which coincides exactly with a division on the 
scale ; in Fig. 353 the readmg is +2*6 divisions.^ 

The specific rotatory power of saccharose 
varies little with the concentration (up to 30 per 
cent.) and with the temperature (between 15° 
and 25°), but it is best to work near to 20°, Fig 353. 

when [apo = + 65*5°.® 

^ That is, in 100 Mohr c.c., 1 Mohr c.c. being the volume of 1 grm. of water at 17 5® weighed m air with brass 
weights. The true c.c. is the volume of 1 grm of water at 4° weighed in mcuo; calculation on the basis of the 
coefficient of expansion of water shows that 100 Mohr c.c. are equal to 100 234 true c c., so that 100 ttue c.c. of 
tho normal saccharose solution at 17 5® would co-itam 25*987 grms. of saccharose. The International Commission 
for uniform methods of sugar analysis proposed in 1900 the fixing of the 100 point of the saccharimeter by a 
length of 20 cm of a solution obtained by dissolving 26 grms. of pure saccharose in water to a volume of 100 
trm c.c. at 20® and polarising at 20® (100 true c.c. of water at 20® weigh 99*7174 grms. in air and 99 8294 grms. 
in vacuo). 

* With double compensation saccharimeters (furnished with two scales, a worhing scale and a control^ F and 
Y', Fig. 352) the procedure is as follows : \"\Tien the tube with the sugar solution is introduced between the nicols 
the control scale is placed at zero, the working scale being then moved by the screw until the field is uniformly 
illuminated and its position read. The sugar solution is next removed and the control scale moved until the 
field is again uniform, the readmg of this scale being nearly equal to the first readmg of the working scale. The 
tube of solution is now again introduced and the position of the working scale, near to the zero-point, read after 
its adjustment to give uniform luminosity. Finally the tube is again removed and the control scale moved 
until the field is uniform and its position read. The final result is obtained by subtracting the mean of the 
second pair of readings from the mean of the first pair. Thus, if the readings were + 78*6, + 78*4, + 0 2, 
and — 0*3, the result would he 78 5 — 0*05 = + 78 45. 

® Inv&rt sugar, on the contrary, has a rotatory power varying markedly with the concentration and tempera- 
ture, A solution of saccharose containing the normal weight (26 048 grms.) contains, after inversion, 27-419 
grms. of invert sugar, and if this is contained m 100 c.c. it gives a deviation of — 32 66 in a 20 cm. tube at 20®. 
The variation per degree of temperature is 0 5, so that at 0® this readmg would he — 42*66 and, m general, et 
any temperature, t, it would be — 42*66 4- 0 5 «. If no account is taken of variations due to the concentration, 
1 division Ventzke corresponds with 0 8395 grm. of invert sugar in 100 c.c. (Mohr), the solution being read in, a 
20 cm. tube at 20® ; or 1 grm. of invert sugar dissolved in 100 Mohr c.c. gives a reading of ™ 1*191 division. 
The specific rotatory power of invert sugar for different concentrations (from 1 to 35 per cent.) is given by the 
formula : [a]^o = — 19 657 — 0*03611c, c indicating the weight of invert sugar in 100 c c. For concentrations 
near 15 per cent, the value — 20 2 may be taken for the specific rotation of invert sugar, 1 circular degree then 
corresponding with 2*475 grm. of invert sugar m 100 true c.c. and 1 grm. of invert sugar in 100 true c.c. giving 
a rotation in circular degrees of ~ 0*404. 

Glucose has a specific rotation, [a] 2^0 = + 62*8®, which is constant after mvia-rotation has ceased {see p. 27), 
i.e. if the observation is made after tho solution has been either left for 24 hours or boiled for 15 minutes. The 
concentration and the temperature have virtually no influence on the rotatory power and, with a 20 cm. tube, 
1® corresponds with 0 947 grm. in 100 true c.c. and hence 1 grm. of glucose m 100 true c c. will give a rotation 
of 1*056®. One division on the Ventzke saccharimeter corresponds with 0 3448® (corrected for the dispersion), 
and the normal weight is 32 71 grms. of glucose m 100 Mohr c.c. ; thus 1 Ventzke division, with a 20 cm. tube 
and a temperature of 20® corresponds with 0*3271 grm- of glucose per 100 Mohr c c., or 1 grm. of glucose per 
100 Mohr c.c. gives a rotation of 3*057 Ventzke divisions. 

^or frtidose (levulose) the data are uncertain owmg to the difficulty of obtaining pure crystals, and the rotatory 
power vanes with the concentration (for solutions of about 10 per cent, strength, la]^ == — 93®) and with the 
temperature (an increase of 1® of temperature dimimshes the specific rotatory power by 0*67®). One division 
on the Ventzke saccharimeter corresponds with 0 1838 grm. of levnlose in 100 Mohr c.c., or 1 grm. of levulose 
gives a rotation of — 5*439 Ventzke divisions in a 20 cm. tube at the temperature 20®. 

For + H,0, after the disappearance of the muta-rot^tion, the specific rotation, which 
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CHEMICAL DETERMINATION OF SUGARS. With the exception of saccharose 
and raffinose, the sugars (glucose, levulose, &c.) reduce Fehling’s solution (an alkaline 
solution of copper sulphate containing salts of organic hydroxy-acids ; see pp, 212 and 
335) in the hot, with separation of a corresponding amount of cuprous oxide. Fehling’s 
solution is obtained by mixing. Just before using, equal volumes of the two following 
solutions : {a) 69-278 grms. of pure crystallised copper sulphate (CUSO4 -f SHgO), air- 
dried until constant in weight, dissolved in water to 1 litre ; (6) 346 gims. of Rochelle salt 
(sodium potassium tartrate) and 100 grms. of pure solid sodium hydroxide dissolved in 
water to 1 litre. Since saccharose does not reduce Rehling’s solution, it must be first 
inverted. For this purpose, 9*5 grms. of the sugar are dissolved in 700 o.c. of N/5-hydro- 
chlorie acid and the solution heated for 30 minutes in a water-bath at 75°, neutralised with 
caustic soda, and made up to 1 litre. This solution, which contains 10 gims. of invert 
sugar, is then ready for testing. 

The Fehling test may be either volumetric or gravimetric, the concentration of the 
sugar being reduced to about 1 per cent, (by a preliminary trial) and the details of the 
procedure being followed exactly. Volumetric method: 40 c.c. of water and 10 c.c. of 
Fehling’s solution (5 c.c. of each of the component solutions) are brought to boiling in an 
Erlenmeyer flask, a measured quantity (4 to 5 c.c.) of the sugar solution run m from a 
burette, and the liquid again heated and kept boiling for a definite time (2 minutes for 
glucose or invert sugar, 4 minutes for maltose, and 6 for lactose) ; the flame is then removed, 
a few drops of the liquid filtered, and the filtrate acidified with a little acetic acid and 
tested with a drop of potassium ferrocyanide solution. If a red coloration is produced, 
the test is repeated with a larger quantity of sugar solution, whilst if no red coloration 
appears, a less quantity of the sugar is tried. This procedure is continued until in the 
last two tests, representing excess and deficiency of the sugar solution, the difference 
between the two volumes is not more than 0-1 c.c. ; the mean of these two volumes 
is employed in calculating the sugar -content of the solution. 100 c.c. of undiluted 
Fehling’ s solution, under the above conditions, correspond with 0-4945 grm. of 
glucose, 0-533 of levulose, 0-515 of invert sugar, 0-740 of maltose, and 0 676 of lactose 
(hydrated). 

The gravimetric estimation is carried out as follows (Allihn’s method) : To 60 c.c. of 
Fehling’s solution, diluted with 60 c.c. of boiled distilled water and heated to boiling, are 
added 25 c.c. of the sugar solution of about 1 per cent, concentration, the liquid being 
then again heated and kept boiling for a definite time (2 minutes for glucose, levulose, and 
invert sugar, 4 for maltose, and 6 for lactose). The solution is then filtered at once, with 
the aid of a filter -pump, through a dried and weighed Soxhlet tube containing a layer of 
asbestos, the cuprous oxide being repeatedly washed with a total quantity of 300 to 400 c.c. 
of boiling water, then with two or three portions of alcohol, and finally with ether. 
The tube is then dried in an oven, and the cuprous oxide subsequently reduced to 
metallic copper by passing a current of dry hydrogen through the tube and gently 
heating the oxide with a small flame i the hydrogen is kept passing until the tube is 
quite cold, when the weight is taken. From the weight of copper thus obtained, the 


but slightly influenced by the concentration, is [a]|®= -f- 52 53® ; this diimni&hes by 0-075" for every degree 
luse in temperature. One degree of rotation corresponds with 0 9519 grm. of lactose in 100 true c c., so that 
X gnu. of lactose gives a rotation of 1-051®. For the Ventzko saccharimcter, the noimal weight is 32 95 grms. 
per 100 Mohr c.c. (32-83 grms. in 100 true c.c.), so that 1 Ventzko division in a 20 cm. tube corresponds with 
0-3295 grm, of lactose in 100 Mohr c.c. and 1 grm. of lactose in 100 Mohr c.c. gives a rotation of 3 035 Ventzko 
divisions. 

Maltose has a specific rotation (after muta-rotation has been destroyed ; see Glucose) varying with the tem- 
perature and concentration according to the equation ; [a]^ = 140 375 — 0 01837 c — 0*095 1, where t indicates 
the temperature and c the percentage hy weight of anhydrous maltose. I'or medium concentrations, 

+ 138-2® and X® corresponds with 0 3618 grm. of maltose per 100 true c c. with a 20 cm. tube and 1 grm. of maltose 
in 100 c.c. gives a rotation of 2 764®. I’or the Ventzke saccharimetcr, the normal weight is 12 55 gims of maltose 
m 100 true c.c or 12-58 gnns. m 100 Mohr c.c., and for a 20 cm. tube at the temperature 20®, 1 Ventzke division 
corresponds with 0 1255 grm. of maltose m 100 true c.c., while 1 grm. of maltose in 100 true (Mohr) c.c. gives 
a rotation of 7 968 (7 949) Ventzke divisions. 

Rafflnose, CigHsaOje + SHaO, has the specifiic rotation, = + 104-5®, which is almost mdependent of 
the temperature and concentration ; for anhydrous raffinose the value is -f 123*16®. One degree of rotation 
corresponds with 0 4785 grm. of hydrated laffinose m 100 true c.c. with a 20 cm, tube and 1 grm. of rafflnose 
m 100 true c.c. gives a rotation of 2 09®. 3?or the Ventzke saccharimcter the normal weight is 16 576 grms. per 
100 Mohr c.c. or 16-537 grm. per 100 true c.c., so that 1 Ventzke division corresponds with 0-16676 grm. of raffinose 
in 100 Mohr c.c. and 1 grm. of raffinose m 100 Mohr c.c, gives a rotation of 6-033 Ventzke divisions i» a 20 cm. 
tube. 
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corresponding weight of sugar is read off from the following Table, all the numbers 
representing milligrams : 


Copper 

Glucose 

O cS 
P- 60 

a s 

i— ( CO 

Slaltose 

o 

CO 

o 

'o 

i3 

Copper 

Glucose 

Invert 

sugar 

Maltose 

Lactose 

Copper 

Glucose 

Invert 

sugar 

C5 

tn 

s 

fSi 

Lactose 

30 

16 

_ 

25 3 

_ 

155 

791 

81 6 

135 9 

112 6 ' 

280 

145 5 

151 9 

247 8 

208*3 

35 

18 5 

— 

29 6 

— 

160 

81 7 

84 3 

140 4 

116 4 { 

285 

148 3 

154 9 

252 2 

212*3 

40 

20 9 

— 

33 9 

— 

165 

84 3 

87 0 

144 9 

120*2 1 

290 

151 0 

157*8 

256 5 

216*3 

45 

23 4 


38 3 


170 

86 9 

89 7 

149 4 

123*9 

295 

153*8 

160*8 

261 1 

220*3 

50 

25 9 

— 

42 6 

— 

175 

89 5 

92 4 

153 8 

127*8 I 

300 

156 5 

163 8 

265 5 

224*4 

55 

28 4 

— 

47 0 

— 

ISO 

921 

95*2 

153*3 

1316 j 

305 

159 3 

166 8 

269*9 

228*3 

60 

30 8 

— 

51*3 

— 

185 

94 7 

97 8 

162 7 

135*4 1 

310 

162*0 

169*7 



232-2 

65 

33 3 

— 

55 7 

— 

190 

97 3 

100*6 

167 2 

139 3 ! 

315 

164 3 

172 7 

— 

236*1 

70 

35'8 

— 

60 1 

— 

195 

100 0 

103 4 

171 6 

143*1 i 

320 

167 5 

175 6 



240 0 

75 

38 3 

— 

64 5 

— 

200 

102 6 

106 3 

1761 

146 9 , 

325 

170*3 

178*6 



243 9 

80 

40 8 

j 

68 9 

— 

205 

105 3 

1091 

180 5 

150*7 1 

330 

1731 

1816 

— 

247*7 

85 

43 4 

— 

73 2 

— 

210 

107 9 

111 9 

185 0 

154 5 1 

333 

175 9 

184*7 

, — 

251*6 

90 

45 9 

46*9 

77*7 

— 

215 

110*6 

114 7 

189 5 

158 2 

340 

178*7 

187 8 



255-7 

95 

48 4 

49 5 

82*1 

— 

220 

113 2 

117 5 

193*9 

1619 

345 

181*5 

190 8 

— 

259-8 

100 

50 9 

521 

86 6 

^ 716 

225 

115 9 

120 4 

198*4 

165*7 I 

350 

184-3 

193 8 



263-9 

105 

53*5 

54 8 

91 0 

75 3 

230 

118 5 

123 2 

202 9 

169*4 

355 

187 2 

196 8 

— 

268-0 

110 

56*0 

57 5 

95 5 

79*0 

235 

1212 

126 0 1 

207-4 

173*1 i 

360 

190 0 

199 8 

— 

272-1 

115 

58 6 

601 

99 9 

82*7 

240 

123 9 

128-9 1 

211-8 

176 9 i 

365 

192 9 

203 0 

— 

276-2 

120 

61 1 

62*8 

104*4 

86*4 

245 

126 6 

1318 1 

216*3 

180 8 : 

370 

195 7 

206*1 



280*5 

125 

63*7 

. 65 5 

108 9 

90*1 

250 

129 2 

134*6 ! 

220 S 

1 184 8 ; 

375 

198*6 

209 2 

— 

284-8 

130 

66 2 

68*1 

113 4 

93 8 

255 

131*9 

137 5 

225*3 

188*7 

380 

201 4 

212 4 



289-1 

135 

63 8 

70*8 

117 9 

96 6 

260 

134 6 

140 4 i 

229 8 

192 5 1 

385 

204 3 

215*5 

— 

293-4 

140 

71*3 

73*5 

122 4 

101*3 

265 

137 3 

143 2 1 

234 3 

198 4 

390 

207 1 

218 7 

— 

297-7 

145 

73 9 

76*1 

126-9 

105*1 

270 

140 0 

1461 1 

238 8 

200*3 1 

395 

210 0 

221 8 

— 

302-0 

150 

76 5 

73*9 

131*4 

108*8 

275 

142*8 

149 0 243 3 

204 3 i 

400 

212*9 

224*9 

— 

306-3 


NON-SUGAR, APPARENT DENSITY, TRUE DENSITY, AND QUOTIENT OF 
PURITY. Sugars and their solutions are distinguished, commercially and industrially, 
by their content of saccharose, water, and solids not sugar (e.g. salts and various organic 
substances). 

The Brix saccharoineter is graduated with pure sugar solutions, and hence gives results 
which are increasingly inaccurate as the degree of impurity of the sugar solutions increases. 
Apparent density is that shomi by the Brix hydrometer, while the real density corresponds 
With the true content of sugar determined by direct analysis (by the polarimeter or, after 
inversion, byPehling’s solution). The difference between the real and apparent densities, 
expressed in degrees Brix, indicates the non-siigar in Brix degrees, while the ratio between 
the real and apparent densities, in degrees Brix, is termed the quotient of purity and, 
when multiphed by 100, shows the percentage of sugar present independently of the 
water. 

In the analysis of a mixture of various sugars a number of optical and chemical tests 
must be made in order to deduce, directly or indirectly, the quantities of the separate 
components (see Viliavecchia, Chim. Anal. TeorboL, vol. ii, pp. 223 et seq.).^ 


1 If only saccharose and another sugar are present, n gnns. of the mixture are dissolved m water to 100 c c. 
and the polarisation, P, read ; if «x is the rotation of 1 grm. of saccharose per 100 c.c. and that of 1 grm. of 
the other sugar, the quantities x and y of saccharose and the other sugar respectively are given by the formulae 

(Ij 35 (II) y = Since a? + = 2 ? (HI) and a^x a.y = P (IV). The values of ffi, and 

tt-y ~~ £^2 Ui •— 

P must be given their proper algebraic signs (4- or —). 

A, In the special case of a mixture of saccharoso arid glucose^ the components x and y may be determined in 
various ways : ^ 

(1) The glucose (y) may be estimated by means of Fehling’s solution ; formula IV then gives x = — (Y). 


Since saccharose reduces Pehlmg’s solution to a very slight extent, small proportions of glucose are best deter- 
mined by means of Soldami’s reagent, which consists of 150 grins of potassium bicarbonate, 104*4 grms. of normal 
potassium carbonate, and 100 c.c. of the copper sulphate solution used for Fehlmg’s solution, made up to a litre 
with water.* 

(2) The solution of the mixture is polarised (P), the saccharose being inverted and the polarisation again 
read (P,). If is the rotation of 1 grm of invert sugar (== - 1 191), then, since 1 grm. of saccharose gives 

P — Pt 


1 053 grm. of invert sugar, we have 1*053 ttga; -f «22/ = A ('^) hence x 




(VH) and 


ao(ai - 1 * 053 £« 3 ) 
3*839Pi + 1-254P 
5*093 X 3 057 


i 058(Z^ 

P — P 

(VIII) having the value 3 839 and 3 057, it follows that x = ~ (IX) and 

(X), which arc the quantities of the two sugars m p grins, of the mixture. The 
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The total ash of a sugar is determined by weighing 3 grms. into a tared platinum dish, 
moistening it with a few drops of concentrated sulphuric acid, carbonising over a Bunsen 
flame and incinerating in a muffle at a low red heat (about 700°) so that the ash does not 
fuse. Brom the sulphated ash, one-tenth of its weight is deducted m order to correct for 
the increase due to the formation of sulphates. By means of tables the quantity of soluble 
ash can also be deduced. 

The water is determined by heating 5 to 10 grms. of the sugar in a flat glass dish covered 
with a clock-glass at 105° to 110° first for 2 hours and subsequently to constant weight. 
Subtraction from 100 of the water and the sugar gives the percentage of total non-sugar, 
while further subtraction of the ash gives the organic non-sugar . The alhalinity of the 
sugar is determined by titrating an aqueous solution of 20 grms. of the product with 
decmormal sulphuric acid in presence of phenolphthalein ; the result is calculated as 
grammes of CaO per 100 grms. of sugar. 


IQOa ; 

V 


I ^ 

p 


so that 2/ = — — ^ — - , ±. ; for saccharose and in'cert sugar, flg = - 1*191 and the denominator becomes 

3 839-P -f* 1'254P 

6*066 instead of 27*701 ; for mixtures of saccharose and mal^se, = 7 949 and y = J 


saccharose and ladose hydrate, «a — ^ 035. 

(3) The glucose is first determined by means of Fehlmg’s solution ; m another portion of the solution the 
saccharose is inverted and the reducing sugars again estimated with Fehlmg’s solution ; the difference between 
these two estimations gives the invert sugar and this, multiplied by 0 95, the saccharose. 

B. With a mixture of saccharose and raffinose, the polarisation is determined before (P) and after (Pi) inversion ; 
Ui and «2 being the known rotations of 1 grm. of each of the two sugars and cca and a* those of 1 grm of the 
respective inverted products, it follows that . aiX + ag?/ = (XIII) and 1*053 a^x -f 1*036 «4.y == P^ (XIV) ; 
substitution in these of the values <Zi = 3 839, a^ = 7*11, 1 053 ag ==* — 1 254 and 1 036 a^ ~ B 643 gives 

a; E} and y =» ^ j" yor the determination of the raflinose by means of methyl - 

3*2211 22 9 

phenylhydrazme, in presence of saccharose and invert sugar, see Itaffinose, p. 442. 

0 When tw'-o reducing sugars, but neither saccharose nor raffinose is present, it is sufficient to measure the 
polarisation and apply formulaa I to IV. But if a non-saccharme substance is also present, it is necessary to 
determine also the number (P) of o c of Fehlmg’s solution reduced by a weight, p, of the substance ; if and 
63 are the volumes (c.c ) of Felilmg’s solution reduced by 1 grm. of each of the two sugars dissolved in 100 c c., 

then : -j- ^ P (XV) and bay == P (XVI) and hence x = and y = With a 


mixture of glucose and levulose, Ui — 3*057, 


- 5 439, bx 


202 4, and bg « 186, so that x 


3 SOP 4- 5 439P 
3669 


3 057P 202*4P 

and y — . mixtures of glucose and maltose, has the value 7*940 and b2 135 ; these last 

1od9 

two numbers hold also for mixtures of invert sugar and maltose, but then «! = — 1 191 and bi = 194 ; for mixtures 
of glucose and lactose, ai = $ 057, a^ — B 035, bi == 202*4, and bg ~ 148, while for invert sugar and lactose, and 
&2 have the values just given, but = — 1 191 and b^ = 194. 

D. With a mixture of saccharose (x), glucose {y), and levulose (z), if a weight, p, is dissolved to 100 c c., and 
represent the respective rotations of 1 grm. of each of these sugars and of invert sugar in 100 c.c., 
ba and bj the number of c c. of Fehlmg’s solution reduced by 1 grm. of each of the reducing sugars, P and P:, 
the polarisations before and after inversion, and F the number of c.c. of Fehling’s solution reduced by weight 
p of the substance, then (XYII) P =* Cjic -f- ayy + «s2: , Pi = 1 053 a^x + ayy + a^z ; P - bgy -f bgZ. The 

first two of these give x = — — • which corresponds wuth formula VII. Then (XVIII) ayy + UgS = P — a 

ffl ~ 1 V&dCtjl 

and boy -f bgz — F, which are analogous to formula XV, allow of the determination of the values of y and z. 

jp p 

Thus X and for y and z we have, m analogy to formula XVI (diminishing the polarisation, P, by the 


rotation of the saccharose, S*839a;), y = 


233P + 714Pi -f 27*7P 
8500 


and 


15 57P ~ 254P - 777Pj 
8500 


With a 


mixture of saccharose (pc), invert sugar (y) md lactose (z), the saccharose is arrived at as above, and then : 


V 


15 46P - 185 6P - 568Pi , 6-066P + 243P + 746Pi 

8896 *= 3896 ' 


Practical Examples. 26*048 grms. of the sugar or mixed sugars are dissolved in a 300 c.c. flask and, if the solu- 
tion IS coloured, basic lead acetate solution (10 to 30 drops) is added drop by drop until it forms no further tur- 
bidity ; the solution is made up to 100 c c. with water, filtered through a dry filter and polarised in a 20 cm. tube, 
a drop of acetic acid being previously added, if necessary, to make the liquid clearer. 

If it IS thought desirable to eliminate the excess of lead acetate, the liquid is made up to volume with saturated 
sodium sulphate solution instead of with water. 

In the case of a mixture of invert sugar and saccharose, if the normal weight solution gives a rotation of 
-f 24*0 before and — 27*0 after inversion, the quantity of saccharose m 100 c.c. of the solution will be 
24 + 27 ^ ^ ^ S 839 X 27 - 1*254 X 24 

'' ToQS ' “ invert sugar 12 12 grms. 

If other sugars are also present, the invert sugar is first determined with Fehling’s solution, such quantity of 
the sugar solution being taken (after a preliminary trial) as contains about 0 2 grm of invert sugar and the deter- 
mination being made with 50 c c. of Fehlmg*s solution by the gravimetric method. The result is subject to a 
slight correction, according to a Table by Meissl and Hiller, for the influence of the saccharose on the Fehlmg’.s 
solution ; but this only m cases where the invert sugar is pieseot m relatively small proportion compared with 
tlje saccharose, as, for instance, when samples of saccharose are being analysed. 
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STARCH 

PURIFICATION OF WASTE-WATERS FROM SUGARWORKS. Tile waters 
requiring purification, since they are highly contaminated and readily ferment, are those 
used in emptying and washing the diffusors, those from the pulp-presses and, partly, those 
in which the beets have been washed. The first contain up to 0-5 per cent, of suspended 
matter and 0*6 to 0*8 per cent, of dissolved organic matter, with about 0*3 per cent, of 
sugar ; they have a bad smell, and it is usually prohibited to introduce them as they stand 
into streams. 

Chemical purification (with lime or iron oxide or sulphate) is costly and insufficient, 
while the mechanical method of filtration to remove the suspended matter does something 
but only partially solves the problem. Biological purification {see voL i, p. 223), preceded 
by filtration or by aeration (omitting the septic tank) gives better results than the older 
processes, but is not entirely satisfactory (it eliminates 40 to 70 per cent, of the organic 
matter). The principal bacteria which destroy saccharose are Leuconostoc and Clostridium^ 
The problem of the complete purification of these waste-waters still remains unsolved. 

D. TETROSES 

MANNOTETROSE, C24H42O21, is found in manna, and pelds 2 mols. 
galactose, 1 of fructose, and 1 of glucose on hydrolysis. 

E. HIGHER POLYOSES 

These are not, or but slightly, sweet, and are amorphous and, in some 
cases, insoluble in water. On hydrolysis they usually give either pentoses alone 
or hexoses alone, pentoses and hexoses being formed together only in rare 
instances. Their molecular weights are unknown, but their molecules are very 
large and are represented by the general formula, n (C6H12O6) — (7^ — 1) HgO ; 
where n is very large, this approximates to (CeHioOs)^, which represents the 
results of analysis. 


F. HIGHER POLYOSES 

Starch, Dextrin, Gum, Glycogen, Cellulose 

STARCH, (CeHiQOs)^?. It has already been pointed out (pp. Ill and 429 
how starch originates in vegetable organisms and how it passes from the 
leaves, where it is formed under the influence of chlorophyll and of light, to 
the reserve stores of the plants (tubers, seeds, &c. ; in cryptogams, which 
have no chlorophyll, starch is not formed). It is a carbohydrate, and occurs in 
white granules insoluble in both cold and hot water, although with the latter 
it swells up, formmg starch paste, which is coloured a characteristic deep blue 
by dilute iodine solution. Starch paste is dissolved by acids, forming glucose 
{see p. 434), and by diastase (see pp. Ill, 116, and 168), forming intermediate 
polyoses with less complex molecules (dextrins) and then maltose and iso- 
maltose. Sfcarch does not give the reactions of the monoses (i.e. with Pehling]s 
solution, phenylhydrazine, &c.), and hence contains no free carbonyl groups, 
so that its rational formula {see pp. 438, 441, and 442) will be : (CgHioOs’ 0) 
. . , {C^JIiqO^-O-CqB.iqO^) . . . (O-CgHioOg), where there is only one dicar- 
bonyl linking, possibly in the middle ; two such linkings are inadmissible, 
since otherwise decomposition should give, together with d-glucose, another 
substance with two carbonyl groups. Such a substance has, however, never 
been obtained. 

The molecular weight has not been established, but it must be very high, 
and, according to Syniewski, the formula is CaieH^goOigQ, the molecule con- 
sisting of twelve Cjs nucler. 

The shape of the starch granules varies with the plant from which they 
are obtained, so that it is possible to ascertain the origin of starch by observing 
it under the microscope (with a magnification of 200 diameters ; see Figs. 354 
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to 361).^ When examined in polarised light, between crossed nicols, potato- 
starch granules, having a stratified structure and an eccentric nucleus, show a 
black cross like the multiplication sign ( X ) (Fig. 362), while other stratified 
starch granules with a central nucleus also behave like doubly refracting 
crystals but show a black cross more like the sign of addition (+) this is 
seen well with wheat starch (Fig. 363). Starch granules show their stratification 
better under the microscope if they are treated with a dilute solution of chromic 
acid containing a little sulphuric acid, and in some cases dark radial striae also 
appear. 

Commercially the name flour is given to starches from cereals, legu- 
minosese, acorns, chestnuts, &c., and that of starch to those from potatoes, 
manihot root, arrowroot, palm stems, sago, &c., but chemically there is 
no difference. The flour of these plants contains more or less gluten (wheat, 
12 per cent. ; rice, 3 to 5 per cent.), and wheat yields 55 to 65 per cent, of 
starch ; maize, 60 to 65 per cent. ; rice, 70 to 73 per cent. ; rye, 45 per 
cent. ; oats, 32 per cent. ; barley, 38 per cent. ; beans, peas, and lentils, 38 
per eent.^ 

The specific gravity of potato starch, when air-dried, is 1*5029, and when 
dried at 100°, 1*6330. 

When heated above 160^^ it is transformed into dextrin. 

Manufacture. In Italy starch is extracted principally from rice, maize, &c., but in 
Germany almost exclusively from potatoes. A starch factory should always have a Eupply 
of pure cold water, not very hard and free from iron. 

Fresh mature potatoes contain about 20 per cent, of starch (minimum 18 per cent,, 
maximum 21 per cent.), the proportion being determined sufficiently exactly by a very 
rapid physical process, proposed in 1837 by Berg, applied in 1845 by Balling, and improved 
in 1880 by Behrend, Marcher, and Morgen. An exact relation exists between the specific 
gravity of potatoes and their starch-content, and it has been found that the difference 
between the total dry substance (d) and the starch-content (F) is constant (the proportion 
of non-starch, N, is on the average 5 752 per cent.). So that a determination of the dry 
matter gives the proportion of starch, since F ^ S — N, further, if the relation between 
F and the specific gravity is determined once for all, a Table can be prepared showing 
the proportion of dry matter or of starch from the specific gravity, which can be dotcunined 
from the loss in weight of a given weight of potatoes in air (5 kilos) when weighed iinmerr cd 
in water ; if, for instance, this weight is 400 grms., the loss of weight will be 46C0 gims. 
and the specific gravity 5000 : 4600 1-087, which the Table shows to correspond With 


> Different liinds of starch may possess granules of similar form, but can be distinguibhcd by the varying 
mean magnitudes of the granules, although in most kinds there are a greater or le.ss number ot granules much 
smaller than the average, these being sometimes grouped together in ovoidal or buneh-like masses {ey nci>,oat, 
starch, &c ). The average sizes of the granules of the different starches, in micromilliinetrcs (/i), aie g(*ncrally 


as follow : 

kit 



(1) Wheat . large granules, 26-29jx, more common ; small granules, 7/i 

(2) Barley: „ „ 20/i, „ „ „ „ 4 S/x 

(3) Eye: „ „ 36/*, „ „ „ „ 6/* 

(4) Potato : „ „ 60~80/«., „ „ „ „ 20/* 

(5) nice ' bunches, 20/*, of several granules , separate granules, 5, a 

(6) Oats* „ 30/t, „ „ „ 8/* 

(7) Maize : large granules, 18-20/*, more common ; small granules, 5/ji 

(8) Buckwheat : „ „ 9/* (polyhedra) „ „ 5/* 


Ihe mean percentage compositions of potatoes, whca,t, and rice aie as follow 



Water 

Starch 

Xon- 

lutrogenous 

extractives 

Cellulose 

Fat 

Proteins 

Ash 

Potatoes 

76 

18*7 

1 

0 8 

0*2 

2*1 

1*2 

Wheat .... 

13-5 

1 64 

1 3*8 

2 5 

20 

12 5 

1*7 

nice .... 

13-1 

76*8 

0*6 * 

0*6 

73 

1 0 


See p. 492. 
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Rq. 354— Rice starch. Rg. 356 — ^Maize starch. Rig. 356.— Buckwheat. 

(a) Free granules; (&) homy part 



Fig. 362. — Potato starch in polarised light. Pig. 363. — ^Wheat starch in 

polarised light. 
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21 ’2 per cent, of dry matter and 154 per cent, of starch. By means of the balance shown 
in Figs. 364 and 365 or of the Reimann or Schwarzer basket steelyard the potatoes can 
be rapidly weighed in air and in water at 17*5°. To calculate the practical yield the value 
'given in the Table should be diminished by T5 per cent., since part of the starch is converted 
during extraction into soluble sugar, which may also exist to a small extent in potatoes 
which are either not too ripe or too old. The washing of potatoes in starch factories is 
most important, and is carried out in machines of various types. The first washing, to 




Fig. 305. 


remove the soil and stones, which are present to the extent of about 8 per cent., can be 
done in the machine shown in Fig. 103 (p. 118) or in transporter channels like those used 
for sugar-beets {see Fig. 293 p. 449). The potatoes are then raised by an inclined Archi- 
medean screw in a perforated channel {see Fig. 295, p. 450), the washing being repeated 
with copious jets of water in a long vessel having a concave perforated bottom and fitted 
with vaned stirrers, which are sometimes furnished with brushes (Siemen’s washer, Fig, 
366). The potatoes pass along the vessel in the opposite direction to that taken by the 
water, which is introduced clean at the extremity where the washed potatoes emerge. The 
washing of 400 quintals of potatoes per 24 hours requires, on an average, 20 cu. metres 
of water per hour. 

The rasps used to convert the potatoes into pulp, by rupturing all the stareh-centaining 
cells, consist of a number of saw-edged steel plates fixed radially round a di'um which has 


Weight m 
water of 

5 kilos of 
potatoes, 
grms. 

Specific 

gravity 

^ - 

Starch, 
per cent. 

Weight in 
water of 

5 kilos of 
potatoes, 
gims. 

Specific 

giavity 

Dry matter, 
pel cent 

Starch, 
pel cent. 

Weight in 
water of 

5 kilos of 
potatoes, 
gims 

Specific 

gravity 

Dry matter, 
per cent. 

Starch, 
per cent. 

375 

1 080 

19 7 

13 9 

480 

M06 

25 2 

19 4 

585 

1-132 

30*8 

25*0 

380 

1 081 

19 9 

14*1 

485 

1*107 

25 5 

19 7 

590 

1 134 

31 3 

25 5 

385 

1 083 

20 3 

14 5 

490 

1'109 

25 9 

20*1 

595 

1*135 

31*5 

25*7 

390 

1 084 

20 5 

14*7 

495 

1 110 

26*1 

20*3 

600 

1*136 

31 7 

25 9 

395 

1 036 

20 9 

15*1 

500 

1 111 

26*3 

20*5 

605 

1 138 

32 1 

26 3 

400 

1 087 

21 2 

15*4 

505 

1 112 

26*5 

20 7 

610 

1 139 

32 3 

26 5 

40.5 

1 088 

21 4 

15 6 

510 

1*113 

26 7 

20 9 

615 

1 140 

32*5 

26 7 

410 

1*089 

21 6 

15*8 

515 

1*114 

26-9 

21 1 

620 

1*142 

33 0 

27-2 

415 

1*091 

22 0 

16 2 

520 

1 115 

27 2 

21*4 

625 

1 143 

33*2 

27 4 

420 

1 092 

22 2 

16 4 

525 

1*117 

27*6 

21 8 

630 

1*144 

33*4 

27*0 

425 

1093 

22 4 

16 6 

530 

1*119 

28 0 

22 2 

035 

a 146 

33*8 

28*0 

430 

1 094 

22 7 

16 9 

535 

1*120 

28*3 

22 5 

640 

3*147 

34*1 

28 3 

435 

1 095 

22 9 

17 1 

540 

1*121 

28 5 

22*7 

645 

1*148 

34*3 

28*5 

440 

1*097 

23 3 

17 5 

545 

1123 

28 9 

231 

650 

1 149 

34 5 

28*7 

445 ^ 

1*098 

23 5 

17*7 

550 

1-124 

291 

23 3 

655 

1 151 

34*9 

291 

450 

1*099 

23 7 

17 9 

555 

1 125 

29 3 

23*5 

660 

1*352 

35 1 

29*3 

455 

1*100 

24 0 

18*2 

560 

1-126 

29 5 

23 7 

665 

1 153 

35 4 

29*6 

460 

1 101 

24 2 

18 4 

565 

1*127 

29*8 

24 0 

670 

1*155 

35*8 

30*0 

465 

1*102 

24 4 

18 6 

570 

1-129 

30 2 

24 4 

675 

1 156 

36*0 

30*2 

470 

1*104 

24*8 

19 0 

575 

1*130 

30*4 

24 6 

680 

1*157 

36 2 

30*4 

475 

1*105 

25*0 

19*2 

580 

1*131 

30 8 

24*8 

685 

1159 

86*6 

S0*8 
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RASPING OP POTATOES 

a diameter of 50 to 60 cm. (Figs. 367 and 368) and rotates at a speed of 800 to 1000 revo- 
lutions per minute. The Angele rasp (Fig. 369) consists of such, a drum "working in a cylin- 
drical casing, which in some forms has a saw-toothed inner surface (Schmidt rasp, Fig. 370), 
the potatoes from the feeder being forced against the drum by means of an adjustable 



wooden compressor, A, and the resulting pulp drawn between the two indented surfaces - 
A powerful water -jet keeps the saw-edges clean and washes the pulp into a tank under, 
neath. The pulp from which the starch has 
been removed (100 quintals of potatoe. give 
3 to 4 quintals of dried residues) still contains 
unaltered starchy cells, and as a loss of 2 to 3 
per cent, of starch would thus result, the pulp 
is passed into ordinary horizontal stone mills 
like those used in flour-mills, the stones having 
a diameter of about a metre and making 150 
turns per minute. The Champonnois rasp, 
used in France, is composed of a drum, 

(Figs. 371 and 372), formed of a number of 
saw-blades with the teeth turned inwards ; 
the washed potatoes enter by the feeder, J, 
and are forced against the saw-edged periphery Fig. 370. 

by the blades, F, which are rapidly rotated by 

the pulley, E. A water- jet supplied at K washes the pulp between the saw-blades into 
the vessel, iV, below, loss by spurting being prevented by the casing, M, 

For large factories, however, Uhland has suggested the replacement of the mill by a 
special machine which completely disintegrates the remaining starch-containing cells 
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without rupturing the fibres. This machine consists of a horizontal cone of cast-iron, 
either channelled or edged (Figs. 373 and 374) and enclosed in a casing of similar shape ; 
by means of a screw regulator, V, the distance between the cone and casing can be varied. 



Fig. 374 . 


The coarse paste is introduced by a hopper and fed on to the cone, C, by the blades, S, 
being subsequently discharged through the channel, R. 

In order to separate the starch granules from the residual pulp, which holds in solution 
the vegetable juice and in suspension the cellular residues of the vegetable tissues, epi- 
dennfs, &c., the pulp is passed immediately (to avoid fermentation) on to copper sieves 
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GREEN STARCH 

of various typas (usually semi-cylindrical and several metres in lengtli) ; these retain the 
residues, while a water-spray, helped by suitable scrapers, carries the starch granules 
through the meshes {see transverse section, Fig. 375) ; these same scrapers, which are 
arranged Jielically, carry the exhausted residues to the far end of the sieve and keep the 
latter clean. 

When these operations are carried out properly and in large works, the total loss is 
not more than 0-3 kilo of dry starch on 100 kilos of washed potatoes ; these losses are 
detected by estimating chemically the starch in the ultimate 
exhausted residues. 

The milky liquid collected under the sieves also contains, 
in addition to starch, small proportions of colouring and 
gummy matters, proteins, dextrm, and very fine particles of 
epidermis, sand, &;c. In order to separate these impurities, the 
starch-milk is introduced into large concrete vessels, where 
the sand separates in a few minutes. The liquid with the sus- 
pended starch is then removed to another vessel, where the 
whole of the starch separates after a rest of 10 to 12 hours. 

But in some cases the starch is subjected to levigation with a 
gentle current of water in a number of vessels, in which the 
starch forms successive deposits. The water and the dissolved 
impurities are readily separated, either during or after standing, by means of a floating 
S3rphon consisting of a funnel joined to an india-rubber tube (Fig. 376), The volume of 
the deposit tanks is taken to^be about 1 cu, metre per quintal 
of potatoes treated. 

In some starch factories the starch is stfll separated from the 
milky liquid by a kind of levigation on inclined planes, the 
liquid passing slowly along large wooden or cement channels, 
30 metres long, 1 to 3 metres wide, 50 to 60 cm. deep, and with 
a slope of 3 to 5 mm. per metre. The coarser starch, together 
with a little sand, is deposited in the first parts of the channel ; 
then comes the best starch, while the smallest granules, mixed 
with a few organic impurities, are the last to settle. The water 
which emerges from the end of the channel is passed through 
two or three depositing tanks before being rejected. In order that the working may 
be continuous, two channels are always employed, 
one being in use while the starch is being removed 
from the other. The channels are fed from large 
reservoirs provided with stirrers so that the density 
of the starch suspension may be kept constant and 
uniform (3° Be., the liquid being fed at the rate of 6 
litres per minute per 2*5 sq. metres of channel surface). 

The crude starch from the first and last portions of 
the channel may be purified by repeating the leviga- 
tion. But that obtained from depositing tanks forms 
a compact mass composed of a lower layer of coarse 
granules mixed with a little sand, an intermediate 
purer layer, and a grey uppermost layer mixed with 
organic detritus. It is indispensable to wash the 
starch quickly, as in time the impurities impart to 
it a pale yeUow colour. For this purpose the layer of 
starch — ^the so-called green March {i.e. impure, moist 
starch) — ^is covered with double its depth of water, a suspended stirrer fitted with lohg 
Nades (Fig. 377) being then lowered to the surface of the starch ; the first more impure 
layer is thus stirred up so as to form a dense milk of 4° to 5° Be., this being deposited 
in an adjacent wooden vat or on the inclined channel. The middle purer layer is then 
stirred up and the suspension removed, and so on. 

In these wooden vats (^ee Fig. 377) the stirring is repeated, this operation being con- 
tinued until a perfectly white starch is obtained, the wash-waters being removed after 
each deposition. 




Fia. 376. 
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When the starch is not refined m this way and dried, the growth of mould is prevented 
by keeping it under water slightly acidified with sulphuric acid until it is to be sold. This 
green, starch, which is used, for example, for manufacturing glucose, contains about 50 to 
55 per cent, of water ; part of this can be removed in centrifuges similar to those used 
for sugar (p. 469), the perforated drum being coated inside with a fine cloth to retain the 
granules. The superficial layer of the cake of starch is scraped off, as it contains impurities, 
and the remainder (with 35 to 40 per cent, of moisture) then discharged below ; with a 
drum 80 cm. in diameter 50 kilos of starch are obtained. The centrifuges are fed with a 

dense suspension of the starch of 
20° Be. The impure grey starch 
obtained in the secondary sedi- 
mentation vessels is mixed to a 
dense milk and passed through 
fine silk sieves, which retain the 
detritus and solid proteins, &c., 
the sieved milk being conveyed to 
other finer sieves and then to the 
Picj. 378 . inclined channels or sedimenta- 

tion vats. To prevent bacterial 
action and to increase the whiteness of starch, 0*5 kilo or more of calcium bisulphite solu- 
tion (in some cases sulphurous acid is used) is sometimes added to each cubic metre of the 
milk. These reagents, as well as sulphuric acid or caustic soda in small proportions, facili- 
tate the deposition of the starch m the tanks, but they impart a faint reaction to the final 
starch, and it is advisable to employ them only in the treatment of frozen or bad potatoes, 
where the product readily ferments and turns yellow. Bleaching is sometimes effected with 
dilute, filtered calcium hypochlorite solution (1 : 300), together with sulphuric acid ; after 
a few minutes contact, the starch is washed in an abundant supply of cold water until 
the reaction of the chlorme disappears. The last trace of yellow in the starch can be 
corrected by slight blueing with ultramarine, indigo carmine, Prussian blue, &c. 

When potato or cereal starch is to be prepared in cubical or similar cakes, the mass 
from the sedimentation tanks is introduced into moulds of galvanised or tinned iron with 




perforated bases (the cubes are 16 cm, in each direction) ; these are cither enclosed in 
evacuated^cases or, as XJhland suggested, subjected to considerable air-pressure, so as 
to^remove the water as far as possible (^ee Fig. 378). Fig. 379 shows how the batteries 
of moulds are arranged in large factories ; the dense starch-cream from the vat fills a 
hopper travelling on a suspended iron rail and stopping above each mould to fill it ; when 
all the moulds are full, they are closed hermetically and the air-compressor started. With 
a suitable machine the smooth cakes are removed whole from the moulds, and as they 
contain very little water, the time required for drying is considerably shortened. 

Modern plants make use of another arrangement devised by XJhland (Fig. 380). Here 
the moulds are fitted inside with a rubber bag with a perforated base and covered with 
cloth ; this fits closely to the walls and gives a purer starch, while the moulds can be 
thoroughly cleaned after each operation. 


497 


WHEAT STARCH 


The drying of the starch is carried out ia hot-air desiccators, which readily reduce the 
moisture to 20 per cent., which is the customary proportion ; if more moisture is present 
an allowance is made to the purchaser, but if there is less than 20 per cent, the seller loses, 
as no allowance is then made. In order to obtain starch of good appearance the tem- 
perature of drying should be about 30° to 35° (at 50° it begins to swell and form lumps) 
and the air should issue frbm the desiccator almost saturated with moistime after traversing 
all the frames or gratings on which the moist starch is spread in a thir layer or in cakes. 
The best arrangement consists of channels or galleries 10 to 12 metres long, 1*2 metie 
wide, and 2 metres high, through which troUeys carrying the frames pass from one end 
to the other ; the hot, dry air is injected under slight pressure in the opposite direction by 
a large helical fan, gentle suction being applied at the far end if necessary. Rapid drpng 
depends not so much on the temperature as on the supply of the proper amount of pure, 
dry air. The doors of the drying tunnel slide up and are opened just sufficiently to allow 
of the entry and exit of the troUeys from time to time (every hour). 

It has recently been proposed to employ mechanical dryers consisting of a number 
of stories fitted with endless bands, or of long revolving cylinders, while in some cases 
drying in a vacuum has been practised as with distillery residues {see Rig. 149, p. 154), 
time and space being thus economised and the output consequently greatly increased. 

The dried starch forms friable 


lumps, and to obtain it in powder 
it is passed first into grooved cylin- 
ders and then into sieves similar to 
those employed in mills. Tor the 
use of ball-mills, see vol. i, pp. 512 
and 588. Statistics, see Micro- 
scopical examination, see p. 491. 

Yield of Starch and Treatment of 
Residues. Of 20 kilos of starch pre- 
sent in potatoes, 17 to 18 are usually 
obtained in the pure, dry state, the 



rest going into the residues. The 

moist pulp, freed from starch (within 0*5 per cent.), contains the parenchyma and epidermis 
of the potatoes, which are composed largely of cellulose saturated with aqueous juices. 
The pressed pulp (about 16 per cent, of the weight of the potatoes), which is sometimes 
dried (it then constitutes 3 to 4 per cent, of the weight of the potatoes and contains 50 
to 60 per cent, of starch), forms a good cattle-food, either alone or mixed with bran, chafi, 
(fee. It is dried in the vacuum apparatus used for grains ” {see p. 154) or for beet-pulp 
{see Fig. 309, p. 455). The waste waters contain potash salts (0-06 per cent. K^O + 0*017 
per cent. P 2 ^s + cent, ash + 0*24 per cent, sugar 4- 0*12 per cent, gum 4- 0*17 

per cent, nitrogenous substances) and may be used for irrigating pasture land ; if it is 
not digested quickly it undergoes fermentation. These waters are readily clarified by 
colloidal aluminium hydroxide. The moist, non-pressed pulp has the following percentage 
composition: water, 86; protein, 0*7 to 0*9; fat, 0*1 ; starch and extractives, 11*2; 
cellulose, 1*5 ; ash, 0*4. 

WHEAT STARCH. Smoe wheat also contains, in addition to 56 to 65 per cent, of 
starch, 12 to 16 per cent, of gluten, the separation of the latter renders the preparation of the 
starch more difficult. By the fermentation process (Halle) the gluten is rendered soluble 
and consequently lost, so that only wheats containing little gluten are treated in this 
manner. The non-fermentation process, in which the gluten is recovered, is the one usually 
employed, more especially because no large amount of bad-smelling liquor is formed, as 
is the case with the' other method. 

In the fermentation process the wheat is cleared and steeped in water in apparatus 
similar to that used with barley to be malted (see Fig. 153, p. 163). When sufficiently soft 
to be squeezed between the fingers, the wheat is passed between a pair of smooth rolls 
which break the epidermis without crushing it too much. The mass is placed in large 
tanks and covered with the acid liquid from a previous fermentation, alcoholic fermenta- 
tion starting in a few days and being followed by acid fermentations (lactic, butyric, acetic, 
&c.) with evolution of gas ,* the fermentation is complete in 10 or 12 days in summer or 
20 days in winter, the liquid being then clear, yellow, and covered with mould, but not 
n 32 
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yet smelling. The acid lic[uid is decanted off, and the starch separated from the bran in a 
finely perforated drum under a current of water. The solid residue serves as cattle-food, 
■while the starch-milk is allowed to deposit in the ordinary vats, where it is washed ; it is 
then conveyed to the fine sieves and inclined channels {see under Potato Starch). The 
pure starch separated in this way should, however, contain a small proportion of gluten, 
since, during the drying, this facilitates the formation of so-called crystals desirable in the 
commercial product. 

The crude starch-milk can be purified more rapidly in the Pesca-Decastro centrifuge, 
which has a non -perforated drum. The purer starch is deposited first in a compact layer 
on the inner surface of the basket and the less pure starch -milk remaining is discharged 
automatically before it deposits its impurities, new starch-milk being introduced and 
treated similarly until a thick layer of moderately pure starch is obtained. The centrifuge 
is stopped, the water discharged from the middle, and the yellowish, superficial portion 
of the starch, which contains gluten, &c., removed with a sponge. The starch is then 
discharged, mixed with water in a vat fitted with a stirring arrangement, and the starch- 
cream, sometimes after a little ultramarine or indigo carmine has been added, introduced 
into the suction mo-olds. 

The drying of the cakes {see Potato Starch) is carried out immediately (to avoid mould- 
growth), and in ■winter -time this is done in an oven, tiffe temperature of which is raised from 
30° to 75"^ ; in the summer the drying is begun in the air. When a certain stage is reached 
in the drying process, the cakes shrivel at the s'urface ; this less pure portion is removed 
and the cakes broken into smaller blocks, which are wrapped in paper and dried fmther. 
Under* this treatment the mass gradually assumes the radiating structure.^ 

In the non- fermentation 'process the crushed wheat is treated with a stream of water, 
being manipulated meanwhile in the form of a paste, which is placed on perforated channels 
or sieves so that the whole of the starch is gradually removed and the pasty gluten left. 
The starch is then deposited in the ordinary manner, while the gluten is transferred to 
rotating cylinders with their inner surfaces covered with points, which retain the pure 
gluten 2 ; the bran is washed away with water. 

According to a suggestion by Pesca, the dry ground wheat is mixed with water and 
the paste introduced into a centrifuge with a perforated drum, the starch being separated 
by a continuous current of water, while the gluten remains in the centrifuge ; the further 
operations are as usual. The Fesca process is very simple and more convenient than that 
described above. The average yields, calculated as percentages on the wheat, are as follow : 
first quality starch, air-dried, 54 ,* gluten flour, 12 ; bran, mixed with a little gluten and 
starch, 19-5 ; matters dissolved in the waste water, 14. 

Statistics, see later. Microscopical examination, see p. 491. 

RICE STARCH. On the average, rice ® contains 77 per cent, of starch and less gluten 
(4 to 5 per cent.) than wheat, but the starch is more difficult to separate (for 1 part of gluten 


attains its maximum whiteness 30 to 60 days after grinding and retains it until about the sixth 
monm, after which it slowly darkens. In America various patents have been filed, during the last few years, 
for obtaining thi^s maximum whiteness more rapidly by treating the flour with ozone, chlorine, bromine, sulphur 
dioxide, &c., but better results are obtained with nitrogen peroxide (NOa). According to some observers, flours 
bleached in this way begin to darken earlier, irregular staining taking place. The process which has given the 
most mvour^le results and has been largely applied m America and recently also in Italy, is that of Wesener 
(Ger. rats. 209,550 and 232,204), according to which flour is bleached instantaneously in contact with a current 
of nitrosyl chloride {see vol. i, p. 336) ; 1 kilo of the latter is sufficient to bleach 
1000 gmntals or even more of flour. 

2 In presence of a little water and at a modciato temperature, the gluten thus obtained undergoes a slight 
fermentation and becomes liq,uid ; when dried in thm layers on metal plates, this is obtained in transparent 
sheets, Which are used as a glue in the manufacture of boots. Or the gluten is mixed with 5 per cent, of powdexed 
strings in presses ; the strings are dried in an oven when they become friable and readily con- 
^ flour, which is used in the preparation of dough and serves as a foodstuff when mixed with other products, 

lo ^ 1^74 was 9,800,000 hcctols. ; m 1907 it was 

190S, 9,393,000 hectols^ The exports m 1905 were 11,450 tons of raw. 3414 of semi-raw, and 
ttilA A respective numbers of tons were 7850, 6460, and 40,120 in 1907, and 7691, 1936, and 

35,274 in 1909, A hectolitre of nee weighs 50 to 60 kilos. 

fn belonging to the Graminese indigenous to Eastern India and, according 

■nn-rtimiTn-rT-er A-n Emopc it is Cultivated principally m Italy and also m Spain and in the south of iussia, 

fr, 1 and Brazil it is grown in the moist soil of warm, rainy regions, while 

nia-nt tc irp-nf ©osively cultivated in Florida and Southern Carolina. In nco-plantations the bottom of the 

of til® miasmata, which cause malaria, the fields 
nf RiiTviTnAr from auy habitation ; the ripening of the head is brought about by the intense heat 

still retfliTiR tiiA separated from the ear by means of suitable machines (threshers), but 

centric tbothed cviSnArs as paOdp rice. This is separated from the residues by means of con- 

d y ders and is then sieved and placed between two light, horizontal, stone discs (or hrahmin). 
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about 1 part of starch is lost). Of all the processes which have been suggested, that devised 
by Orlando Jones in 1840 still gives the best results. Use is generally made of waste rice 
(broken rice, oostmg 145. to 245, per quintal according to the season), which is softened 
in a large galvanised iron or iron steeping cylinder with a conical base, by means of dilute 
solutions of caustic soda (0*3 per cent, in winter, 0*5 per cent, in summer). Here it'is left 
for 5 to 15 hours, being mixed every 3 to 5 hours with a vigorous air- jet ; in winter the 
alkali solution is heated to 20°. The duration of the steeping varies with the quality of 
the rice and with the season of the year ; Itahan rice requires 5 to 6 hours and Eangoon 
rice as much as 14 hours, the soda solution being changed in the latter case after six or 
eight hours. After steeping, the rice can be readily crushed between the fingers. The 
dissolved gluten (20 to 30 grms. per litre) is separated from the alkaline liquid simply by 
acidification with sulphuric acid (m order to bring the gluten into such a condition that 
it can be filtered in a filter-press, the temperature is raised to 80° or 1 kilo of lime is added 
per cubic metre of the alkaline solution). In some cases the gluten is extracted with an 
alkaline liquid m an apparatus similar to beet-diffusors (see p. 451), while in others the 
extraction is carried out in a vacuum with agitation. The swollen and softened rice, con- 
taining a little of the alkaline solution, is then ground between horizontal millstones, a 
liquid paste with 22 to 26 per cent, of starchy matter being obtained ; this is pumped 
up into large square cement tanks provided with stirrers (see Fig. 377), where it is treated 
with more dilute caustic soda solution (0-2 per cent.), care being taken in summer that 
the temperature does not rise sufficiently to admit of fermentation. In these tanks the 
separation of the starch from the liquid occupies about 14 hours after the stirring is stopped. 
The liquid is decanted and the residual starch mixed vnth a fresh quantity of 0*2 per cent. 
NaOH solution and left for 45 minutes to settle. In some cases this washing is repeated 
a third and fourth time, the thin surface layer of yellow starch containing gluten, &c., 
being scraped off each time before adding fresh washing water ; the scrapings from the 
first and second settlings are ground again in the stone mill, sieved, and mixed with the 
other starch. After the final washing, for which water is used, the starch-milk is conveyed 
to other cement depositing tanks, bemg previously passed through oscillating, inclined 
silk sieves or through revolving perforated cylinders sprayed outside with water to prevent 
obstruction by impurities or by solid gluten (the gluten separates best with rather hard, 
chalky water). The deposited starch is mixed with water and centrifuged in a non-per- 
forated drum in the manner employed for wheat starch, the yellow surface layer being 
removed with a sponge. Finally, it is made into a thick paste (24 He. or about 50 per 
cent, of water ; alkalinity less than 0*2 per cent.) with water and moulded under an air- 
pressure of two atmospheres or with a suction-pump giving a vacuum of 600 mm. (see 
Figs. 378, 379, 380) ; the starch has not a very bright appearance if made into cakes 
immediately it leaves the centrifuge. In this way blocks containing 40 to 50 per cent, of 
water are obtained, and these are subjected to a preliminary drying in an oven at 40° to 
45° ; after 5 to 8 days the mass contains 30 per cent, of water and is shrivelled at the 
surface, owing to efflorescence of the gluten, &;c. This impure, yellow portion, which may 
constitute 15 per cent, of the whole, is sawn ofi, washed, centrifuged, filter-pressed, and 
then either treated again or dried and sold as a lower-grade product. The remaining blocks 
are dried further in the air or, more commonly, after wrapping in paper, in an oven, where 
the temperature is raised to 25° in two days, to 28° on the third, and then slowly to 32° 
or 35°. In 15 to 20 days the mass contains 12 per cent, of water and is crystallised com- 
pletely in long, fragile needles yrith irregular surfaces ; these blocks are then exposed to 
the ail (sheltered from dust), the normal moisture-content of 15 to 18 per cent, being thus 


one of whicli is fixed while the other revolves ; in this way the husk is removed. The hu&k was formerly, and to 
some extent is now, separated from the rice by means of vertical pestles, which fall automatically but witlmut 
mortar filled with the nee; the grams of riee are thus rubbed, one agamat the other 
and the husk removed. The complete removal of the husk and dust is effected by means of a simple jertical 
mill similar to the double one used for black powder (Fig. 210) and making 30 to 40 turns per nunu^. The nee 
rflnX polished m a double vertical conical apparatus, the inner cone of which is provided with brushes of 
vertical metal wires and revolves at the rate of 200 turns per minute, and rubs the rice against the outer perforated 
lone thTShed rice is discharged at the bottom. 100 kilos of paddy nee give 77^kilos of fiehusked rice, or 
6^0! commeS rice, or 63 of unpolished or partially polished rice, or 59 of polished rice. The residues consist 
of about 1-5 per cent waste, 20 per cent, of husk, 2 5 per cent, of risin, and 8*5 per cent, of meal, which is used 
fs dodder ^dTor^L on average, 12-5 per cent, of fat, 13 per cent, of total protein, 5 per cent, of cellulose 
Af ovtrietives and 8 per cent, of ash. Italy has about 140,000 hectares under rice, a hectare of good 
viAi/iinfT fin to 70*hectols of rice The following pnce.s were quoted for rice in October 1 911 : Paddy rice; 

lOd., third quality, 

34a.; Burmese, 28s.; first.quality Japanese, 26s. 6(f. 
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acquired (the alkalinity is usually below 0 15 per cent.). According to Ger. Pat. 205,763, 
the formation of needles is accelerated by drying the moist starch rapidly, grinding and 
compressing in the moulds ; the cakes are then wrapped in paper and placed in the ordi- 
nary channel ovens, through which warm, moist air is passed. The starch may be bleached 
in the ordinary way with sulphur dioxide and blued with ultramarine (about 150 to 200 
grins, being added per 500 litres of dense cream before introducing it into the moulds). 
Difficulties are often encountered m the manufacture of rice starch, owing to the readiness 
with which fermentation occurs, this leading to generation of gas and to trouble in the 
settling and clearing of the liquids ; the remedy lies in increasing the concentration of 
the alkali employed or in the use of sulphur dioxide. 

Rice starch is employed largely for^ making face powder and almost exclusively for 
the starching of linen, a gloss being obtained in the latter case by the addition of borax 
(6 to 8 per cent.), janely powdered stearic acid (2 to 3 per cent.), &c.^ 

Statistics, see later. Microscopical examination, see p. 491. 

MAIZE STARCH. The maize, which has an average starch-content of 62 to 65 per cent., 
is softened in tepid water for three or four days and ground coarsely, the germ and bran 
being then separated and the remaining flour treated several times with sulphurous acid. 
It is then sieved and the resulting starch-milk treated as usual in sedimentation tanks, 
the last portions of gluten being removed. The form of the granules is shown on p. 491. 

SOLUBLE STARCH. This is used m large quantities as a dressing for textile fibres 
and as an adhesive. It is prepared by the action on starch at different temperatures of 
many different reagents, such as alcohol and water, caustic soda, sulphuric acid, calcium 
hypochlorite, gaseous chlorine, ammonium persulphate, hydrogen peroxide, formic acid, 
gaseous hydrogen chloride, diamalt (a dense diastase syrup or malt extract, known in 
Germany as diastofor), hydrofluosilicic acid (at 80°), &c. 

USES, STATISTICS, AND PRICE OF STARCH. Large quantities of starch are used 
as a dressmg in the spinning and weaving of textile fibres, in calico printing as a thickening 
material, in the manufacture of paper, in the preparation of adhesive paste, in the laundry 
and kitchen, as well as for making dextrin and glucose. 

The import duty of starch in Italy is I 5 . 7d. per quintal for potato starch, &;c., 9^. Qd. 
for rice starch, and 65 . 5d. for maize and wheat starch, &;c.2 

Germany grows the most potatoes and produces and exports (along with Holland) the 
largest quantities of starch. In 1903 28,764,000 tons of potatoes were produced, in 1904 
24,656,000, in 1905 more than 34,000,000, in 1906 about 42,000,000, and in 1908 as much 
as 46,000,000 tons, the average of the three years 1908-1910 being 45,500,000 tons, 
about 12,000,000 tons being utilised for the manufacture of starch. The annual output of 
^y potato starch is about 800,000 quintals and that of green starch 560,000 quintals, 
besides 121,000 quintals of wheat starch,^ 85,000 of maize starch, and 250,000 of rice starch 


approximately as follov^s : 

capSCmOO rtotat ’ machinery, including duty, erecting, transport, &c., £2400 ; circulating 

lightmg''l20?*taeW^ cl^emicals, £320 ; repairs, lubricants, 

® manager, 1 foreman, 1 stoker-mechanic, 7 male and 8 female 

hands, 1 carman and horse), £880 ; coal for motive-power and heating, 5000 quintals at 2s Sid £080 • traveller 
and simJar expenses, £400 ; accounting, advertisements, and sundry exponses, £240 nrkSs Z’flm 
ao per 1 depreomtU of factory (3 per coZ, £96, anS of Xnt 

flgu^^w®Swev«"v2v 0“ tho outlay. The above 

Tstr IT’’ aT^w o^Ts.T “ 

““m^irshSouTf T® xTa wSthfm iTrTo'To’ aTdThoiratlT 

3o\c, of Tr aud titratT!trd*e^un^fi^TirT w® determined on 26 grms , which is mixed with 

is removed and placed on htmmTnrfTf °? station, being kept shaken mcanwliilo ; a drop of the liqiud 
it is termed fi’M/ nn',j ■ .f papor from time to time. If 100 grms. of the starch require 5 c.c of the alkali, 
^ xequixod. It IS dpseribed as acid, and if more still, as ueru acid 

then removed • if after shaLt I* becomes transparent and begins to form froth, the flame being 

properties are’satistoctoTThe ® *7 T*’ out, the adhcslvi 

IS lessTn oVper cent O'® > «« In tHo best qualities 

taining 12Tl4TrentZfZ7mtuTtuf7®’a'"7‘'^ altogether 511,497 quintals of wheateM fhuf (con- 

quintals of dry starch residues +^n 289,236 quintals of starch meal (£2 per quintal), 61,777 

q u is 01 ary starch residues (25«. 6d. per quintal), 23,676 qUin^alp gi xe^m iis, per quintal), and Um 
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(1909), 54,000 quintals of the last being exported. Germany contains 500 starch factories, 
450 of which are connected with agricultural concerns, while the remaining 50 are large 
industrial undertakings. The exportation of starch from Germany has diminished during 
recent years, while it varies also with the potato crop. In 1890 it amounted to 514,000 
quintals, in 1896 to 340,000, in 1897 to 141,500, in 1898 to 173,300, in 1899 to 339,200, in 
1901 to 255,500, in 1902 to 460,000, in 1903 to 280,000, in 1904 to 175,000, in 1905 to 
133,000 (94,000 to England, 13,000 to the United States, and nearly 10,000 to Italy), in 

1906 to 229,000 (147,000 to England, 24,000 to Spain, 18,000 to the United States), in 

1907 to 215,622, in 1908 to 66,000, and in 1909 to 129,000 quintals. 

The price in Germany in 1906 varied from 85. ICd. to 95. 7d. for green starch (50 per 
cent, of water) and from 175. 8d. to 195. 2d. per quintal for dry starch of the first 
quality. 

The exportation of rice starch from Geimany is ako decreasing : 90,000 quintals in 
1898, 65,000 in 1902, 61,500 in 1906, and nearly 60,000 in 1907. 

France produces about 600,000 quintals of potato starch per annum. In 1904 Holland 
exported 550,000 sacks of potato starch. England imported 700,000 quintals of starch 
(and dextrin) in 1909. In the United States 185,000 hectols. of maize per annum are 
treated for the manufacture of starch. 

In 1910 Italy imported the following quantities of different starches : potato starch 
(255. per quintal), 158,460 quintals ; sago, arrowroot, &c. (485.), 80,000 ; ordinary wheat 
starch (385.), 27,250 ; and fine wheat starch in cases (565.), 11,226 quintals. In 1909 Italy 
produced 1,722,000 tons of potatoes, and in 1910 about 1,540,000, only a small proporticn 
of which was worked industrially. 

DEXTRIN is found ready formed in various vegetable juices, but is always 
mixed with starch and sugar, while that prepared artificially from starch by 
the action of heat, acid, or diastase consists of a mixture of products inter- 
mediate to starch and sugar (maltose and glucose). Several dextrins of various 
molecular magnitudes are known (achroodextrin, amylodextrin, erythrodex- 
trin, (fee.), the best known form having the formula C 36 Hg 203 i or (Ci 2 H 2 oOi) 3 (^, 
H 2 O. 

According to some it has a marked aldehydic character, and hence gives 
all the reactions of the monoses, including those with phenylhydrazine and 
Eehling’s reagent, while others hold that the aldehydic character is feeble, and 
others, again, that Eehling’s solution is not reduced, even on boiling. This 
diversity of view is explained by the great difficulty of separating chemical 
individuals from the mixtures containing them ; in any case all the dextrins 
prepared commercially reduce Fehling’s solution to a greater or less extent. 
Dextrin is not fermented directly, and diastase does not transform it entirely 
into fermentable sugar (maltose), 15 per cent, remaining unchanged, although 
this slowly becomes fermentable under the prolonged action of diastase {see 

p. 116). 

Dextrin is known also by various commercial names [vegetable gum, starch 
gum, artificial gum, gommeline, British gum, &c.), and forms a light powder 
having a slight smell of new bread ; it is white, yellowish, or even brownish, 
according to the purity, the method of preparation, and the purpose for which 
it is intended. It is sometimes sold in semi-transparent, yellowish lumps. It 
dissolves completely in water when pure and has a -high rotatory power 
([ct]jj = about 194'’) ; it is insoluble in alcohol. With iodine solution it gives a 
reddish coloration, and boihng dilute hydrochloric or sulphuric acid converts 
it into glucose, while malt transforms it into maltose ; with concentrated nitric 
acid it gives oxalic acid. Commercial dextrins often contain a little starch 
and glucose, so that they then give a violet coloration with iodine and reduce 
Fehling’s solution in the hot ; the specific rotation varies from 125'’ to 225'’. 

quintals of gluten ( 725 . per quintal), besides a certain amount of liquid waste for cattle-food ; the total yield of 
starch was calculated at 71*6 per cent. Germany exported 54,740 quintals of riee starch m 1908 and 63,497 in 
1909. 
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Manufacture. According to the ordinary Heuse process, 1000 kilos of starch are mois- 
tened with 2 kilos of nitric acid of 40° B6. diluted with 300 litres of water, the paste being 
made into loaves which are dried in the air, ground finely, and heated for about 2 hours at 
100° to 120°. For this purpose the starch is either spread in thin layers on a number of trays, 
which are arranged in a suitable oven, or placed in a circular Uhland apparatus (Fig. 381), 
the base of which is heated with superheated steam while the mass is mixed continually 
by means of a stirrer fitted with a number of pegs. If the temperature is raised to 130 to 
140°, the duration of heating is shortened, but yellow and not white dextrin is obtained. 

Dextrinification is complete when the product is entirely soluble m water and gives 
no longer a blue, but only a reddish brown coloiUr with iodine solution. 

The preparation of dextrin by torrefying starch is, however, a very simple process, 
which can also be carried out in the Uhland apparatus, the starch being stirred and heated 
at 225° to 250° by means of superheated steam until it assumes a brownish yellow colour 
and gives the reactions just mentioned. The steam-pipes are utilised for the circulation of 
cold water immediately dextrinification is complete. 

To distinguish commercial dextrins from gum arabic, the ac[ucous solution is treated 

with cither oxalic acid or ferric 
chloride in the cold or concentrated 
nitric acid in the hot : dextrin is 
not altered in this way but the gum 
becomes turbid or gelatinises. Fur- 
ther, dextrins are strongly dextro- 
rotatory, while gums are almost 
always Isevo^rotatory. 

Germany produces about 190, COO 
quintals of different dextrins per 
annum, the exports being as follows ; 
111,525 quintals in 1901, 140,478 in 
1902, 140,722 in 1903, 121,275 in 
1904, 93,781 in 1905, 88,000 m 19CC, 
93,000 in 1907, 39,000 in 1908, 61,000 
in 1909. The price in Germany varies 
between 245. and 325. per quintal. 
In Italy, where this industry has 
Fig. 381. developed during recent years, the 

import duty is 65. 5d. per quintal. 

England exported 3112 tons of British gum in 1909 and 2321 tons (£67,998) in 1910. 

GUMS. These are also polyoses (CeHioOgl^, which are frequently formed in plants and 
are soluble in water or swell up, giving viscous, sticky liquids ; they arc insoluble in alcohol 
and other solvents of the resins. Gum Arabic is excreted, from December to May, as ah 
adhesive juice from the bark or, better, from the roots of certain African acacias, 3 to 5 
metres in height ; after drying, it has the sp. gr. 1*487, and the various components yield 
d-glucose and arabinose on hydrolysis. In Egypt these acacias occupy entire forests, 
especially in the provinces of Kordofan and Gedda (White Mle). The natives make a 
number of incisions in the roots, and the liquid which issues condenses in the air into 
nutlike masses, these being detached before the commencement of the rainy season. The 
grains have the colour of amber and become white when exposed to the air, so that there 
are two qualities of the gum. It is used in large quantities by pastrycooks and in textile 
dyeing and printing, and generally as an adhesive. 

A similar type of gum, obtained in abundance from Senegal, issues from certain wounds 
of cherry- and peach-trees, while Gum Tragacanth is extracted from certain varieties of 
Astragalus in Servia, Syria, Persia, &c., and, after being rendered mucilaginous by pro- 
longed contact with water, is used as a thickening material in calico printing, &c. Ihe 
exports of gum tragacanth from Persia were 27,561 quintals in 1903, 30,413 in 1904, 
38,937 in 1906, and 23,740 in 1908 ; on the Italian market the price varies from £10 to 
£12 per quintal. 

Germany imported 58,000 and exported 23,000 quintals of gum arabic, gum tragacanth, 
and Senegal gum in 1905. Italy imported 10,300 quintals in 1901 and 24,070 (worth 
.£139,000) in 1910, in which year the exports were 2345 quintals. 
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England imported 8300 tons of kauri gum in 1909, and 7800 tons (£637,600) in 1910, 
besides 10,737 tons (£176,066) of gum arabic. 

The value of a gum is ascertained by determining the viscosity of its solution [see 
p. 79). 

The price of gum arabic varies from £2 to £6 per quintal. 

GLYCOGEN or Animal Starch is also a polyose (CgHioOs),!, found principally in the 
blood and liver of mammals. It is a white amorphous powder insoluble in cold water, and 
is coloured reddish violet by iodine solution. It is converted into maltose by an enzyme, 
whilst on the death of the animal containing it or on boiling with dilute acids it is trans- 
formed into d-glucose. 


CELLULOSE, (CeH.oO^). 

The actual molecular magnitude of cellulose has not yet been established 
but is certainly very great. ^ Like starch, it may be regarded as a multiple of 
CgHioOs, but, while starch is able to undergo transformations (into dextrin, 
maltose, &c.) in the vegetable organism, cellulose represents a stable complex. 
Together with lignin, cellulose forms the principal component of the cell-walls 
of plants. It occurs, for instance, in wood and cotton, in different degrees of 
purity, while in different vegetable organisms the cells assume distinct and 
characteristic forms, readily recognisable under the microscope {see Part ITT, 
Textile Fibres). Cotton-wool and Swedish filter-paper consist of cellulose in an 
almost chemically pure state.^ 

Pure cellulose forms a white amorphous mass, and can be obtained by 
treating cotton (flocks) successively with hot dilute caustic potash, hot dilute 
hydrochloric acid, alcohol and ether, and drying at 125° to eliminate the water 
with which a small part of the cellulose is hydrolysed. 

Cellulose does not dissolve in ordinary solvents, but is completely soluble 
in concentrated zinc chloride solution, concentrated sulphuric acid, hydro- 
fluoric acid, phosphoric acid, xanthic acid (CgHgO • CS • SH) or, best of aU, 
in an ammoniacal solution of copper oxide (Schweitzer's reagent, prepared by 
dissolving freshly precipitated, weU-washed copper hydroxide in concentrated 
ammonia solution in the proportion of CuO to 4]SrH3 + 4 H 2 O) ; from this 
solution it is reprecipitated as gelatinous hydrocellulose by acids, alkali salts, 
or sugar solutions. Hydrocellulose dissolves in a mixture of caustic soda and 
carbon disulphide, and is reprecipitated in a gelatinous state by salts, &c. 
These jeUies are used for the manufacture of artificial silk. 

Dubose (1906) found that solutions of thiocyanates constitute good solvents 
for cellulose ; ammonium thiocyanate, for example, gives viscous solutions 
from which water separates gelatinous cellulose. In dissolving in any solvent, 
however, cellulose generally dissociates into simpler molecular complexes, which 
cannot be converted into the original cellulose but give hydro- or oxy-cellulose. 

In order to determine at least minimum values for the molecular magnitudes of the polyoses, Staup (1905) 
applied to these compounds a reaction given hy the bioses ; when the latter are treated with acetic anhydride 
and dry hydrogen chloride gas, they give chloracetyl-denvatives without undergoing hydrolysis, and the chlorine- 
contents of these derivatives indicate the molecular weights. In this manner the molecular weight of cellulose 
IS found to he at least 5508, that of soluble starch 7440, and that of glycogen 16,350. 

® From the crude cellulose or woody parts of plants, J. Konig (1906) separated four components giving the 
following reactions : (1) hemicellvlosc, which is hydrolysed hy dilute mineral acids ; (2) cfuiin or suberin, which 
is soluble in alkali but insoluble in ammoniacal copper oxide solution ; (3) which is oxidisahle by weak 

oxidising agents ; (4) true celluJose, insoluble in dilute acid or alkali, soluble in ammoniacal copper oxide, not 
oxidisahle hy hydrogen peroxide. 

The part of the cellulose which enters into the formation of the cell, but gives glucose on hydrolysis, constitutes 
the henuceUulose group ; the henucelluloses of lupins, certain lichens, &c., give gaiactose, xylose, mannose, &c., on 
hydrolysis. 

Cross and Bevan divide celluloses into four groups : (1) celluloses which are hydrolysed with difficulty and 
contain no active carbonyl groups (aldehydic or ketonic), the characteristic type of this group being the cellulose 
of cotton ; (2) celluloses which contain active carbonyl and, sometimes, methoxyl groups, and give furfural when 
hydrolysed with hydrochloric acid ; such are the celluloses of wood and straw ; (3) celluloses (or hemicelluloses) 
which are easily hydrolysed ; (4) complex celluloses. 

The furfural and methylfurfural formed by the celluloses of group (2) may be derived from the pentoses yielded 
by the pentosans of the celluloses or from the furfuroids which occur in abundance in vegetable organisms, and 
although they contain no pentosans yet give furfural {see pp. 429 and 430). 
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The prolonged action at moderate temperatures of acids, alkalis, and 
enzymes results in the gradual hydrolysis of cellulose, so that, while before 
hydrolysis only a brovm colour is obtained with iodine solution, after the 
action of concentrated sulphuric acid a blue reaction is given ; in this reaction 
the cellulose swells and dissolves into a kind of paste, and the action on this of 
water separates substances similar to starch {amyloids). If the hydrolysis is 
carried further the reactions of the dextrins may be obtained, dilution with 
water and boiling then resulting in the formation of monoses (hexoses and 
pentoses).^ Cellulose may hence be regarded as composed of complex anhy- 
drides of hexoses and pentoses, and recent investigations indicate that the 
behaviour of cellulose is best explained by regarding it as a colloid containing 
groups with acidic hydrogen ions, others with basic hydroxyl ions and some 
non-dissociated groups f the reactions of cellulose with both basic and acidic 
substances are explainable in this way. 

Cellulose has alcoholic characters, the hydrogen of each of the hydroxyl 
groups being replaceable by an acetyl- {see p. 189) or nitro-group, &c. Not 
more than three or four hydroxyl groups correspond with each six carbon 
atoms ; with nitric acid three nitrate groups can be introduced, while with 
acetic anhydride, in presence of sulphuric acid, esters (cellulose acetates) 
corresponding with four hydroxyl groups per Cg are obtainable (Cross and 
Be van, 1905). 


According to H. Ost (1906) the ordinary methods of acetylation always yield tnacetatcs 
of cellulose, hut hydrocellulose is first formed as an intermediate product (CgllioOs)^, Ii 20 , 
and it is this which forms the plastic triacetate, [06H705(CX)CH3)3]n, HgO, used as arti- 
ficial silk, &C.2 If the action of sulphuric acid and acetic anhydride is carried too far, friable 
acetates of no industrial value are obtained, the ultimate product being a crystalline 
octoacetate of a biose, cellose or cellobiose (C 6 lIiof^ 5 ) 2 > 112 ^? which can be liberated from 
the acetate by hydrolysing with alcoholic potash but is of no value industrially. The 
rotatory power of cellobiose is 33*7°, the solubility of its phenylosazone in boiling 
water 1 : 135, and the melting-point of its phenylosazone 198® ; it is thus quite different 
from maltose (rotatory power, 142-5® ; melting-point of phenylosazone, 206® ; solubility 
of phenylosazone in boiling water, 1 : 75). The origin of cellulose in plants cannot be 
regarded as a condensation of starch ; the latter is probably converted into glucose, which 
gives cellulose on condensation. The preparation of nitrocellulose {pyroxyline, guncotton, 
collodion -cotton) has already been described in the chapter on Explosives (p. 232). 

Cellulose Formate (Blumer, Ger. Pat. 179,590) has also been prepared. 

At 210° cotton begins to decompose with evolution of carbon monoxide and dioxide, 


^ Numerous attempts have been made to convert wood industrially into sacchaiinc substances and so prepare 
alcohol (see p. 142), but it is only recently (1910 and 1911) that Flcclisig, Ost, and Wilkeinng showed that cclhilose 
can be transformed completely into fermentable glucose by dissolving it in concentrated sulphuric acid, diluting 
until the solution contains only 1 to 2 per cent, of acid, and then heating at 110® to 120° (but not to 125° as 
was done by Simonsen, since a part of the glucose is thereby destroyed). 

® Cellulose Acetate forms a horny, amorphous mass soluble m clilorofoim, tctraehloroethane, aniline 
pure acetic acid, and boihng nitrobenzene. The less highly acetylated products are soluble in alcohol, giving 
a solution which, together with camphor, serves for the preparation of cellite films for cinematographs : these 
films are considerably less inflammable than those of celluloid. The triacetyl-compound is used for nialcing 
artificial silk (see later), and is prepared by treating hydrocellulose m the cold with acetic anhydride, a f(‘W drojis 
of concentrated sulphuric acid, and a little glacial acetic acid or phenolsulphonic acid (see also the following patiuits - 
Uor. Pats. 118,358, 153,350, 159,524, 163,316, 175,379, 185,837, 203,178, 203,642, 206,950, 224 330 * Fr Pats 

More or less successful attempts have also been made to acetylato cellulose in the hot with acetyl clilonde 
and metallic acetates, the reaction being facilitated by the addition of a small auantity of pyridine or quinoline 
cellulose acetate (ep. acetone, nitrobenzene, naphthalene, ; see Oor. Pats. 

105,347, 139,669, and U.S. Pat. 709,922, according to which phenol- or naphthol-sulphonic acids 

3«r6 ECLQ6Q» 

The following method of manufacture (from Fr. Pat. 347,906) admits of the direct acetylation of cotton 
7- example : 10 kilos of defatted cotton, contamnig 10 to 20 pei cent, of moisture, 
rvf acetic anhydride (containing 0*25 per cent, of concentrated suliihuric acid) and 150 kilos 

0 b nzene, at 70 to 75 , m a reflux apparatus until a small poition of the cotton dissolves completely in chloro- 
form ; the whole mass is then pressed and dried. ^ ^ 

Bevan, and Briggs (1907) obtain cellulose acetates easily and cheaply, without preparing liydroeellulose • 
cellulose IS treated directly with a mixture of 100 parts of glacial acetic acid, 30 of zinc ehlonde, and 100 of acetic 
anhydride, the whole being heated for 36 hours at 45°. * u , aim ivm oi actac 
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methyl alcohol, acetic acid, acetone, hydrocarbons. See, {see Distillation of Wood, p. 272). 
By the dry distillation of pure cellulose (Swedish filter-paper) under ordinary pressure, 
E. Erdmann and C. Schaefer (1910) obtained about 5 per cent, of tar, 42 per cent, of acid 
liquors, and a residue of carbon, together with gas containing 66 per cent. CO, 19 per cent. 
CH^, 11*5 per cent. H 2 , &c. ; from the acid liquors, acetone, formaldehyde, furfural, 
methoxyiurfural, maltol (CgHeOs, which, according to Peratoner and Tamburello, has 
CH-O-C-GHs. 

the constitution || || J, and y-valerolactone were separated. With lapse of 

OH- CO -C- OH / 

time or under the action of bacteria, ke,, cellulose undergoes various changes {see Peat, 
Lignite, Coal, vol. i ; and Methane, p. 32 of this volume). 

The action of sulphuric acid on cellulose varies somewhat with the concentration of 
the acid, the duration of the reaction, and the temperature. The concentrated acid has 
a gelatinising action and dissolves part of the cellulose, which is reprecipilable by water 
or ammonia. If the action is protracted, the very friable Hydrocellulose, C 12 H 22 O 11 
[(C 6 HioOs) 2 , H 2 O], is formed, but, in general, hydroeelluloses of diminishing molecular 
weight and increasing friability {e,g, cellobiose ; see. above) are successively formed. The 
hydrocellulose formed in the preparation of artificial silk is only slightly friable, and has 
probably the formula (C 6 Hio 05 ) 6 , HoO. Since also these hydroeelluloses exhibit rather 
different behaviour towards dyes, it has been suggested that the name hydrocellulose be 
given to that resulting from advanced hydrolysis by non-oxidising acids ; the increase 
of weight during this change, owing to the addition of hydrolytic water, is 3*5 to 5 per cent., 
this being lost at above 125°, whilst the hygroscopic moisture is expelled at 104°. This 
hydrocellulose reduces Eehling’s solution (Ost ; Cross and Be van, 1909). On the other 
hand the name cellulose hydrate or hydracellulose is given to that obtained by gentle alka- 
line hydrolysis, which produces an augmentation in weight of 8 to 10 per cent. ,* here, too, 
this hydrolytic water is given up at temperatures above 125°. Hydracellulose does not 
reduce Fehling’s solution. Schwalbe (1907) measured the reducing power of hydrocellulose 
towards Fehling’s solution.^ 


Cross and Bevan proposed for cellulose the formula : 
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On the basis of the formation of the trinitrate and triacetate, Green (1894) suggested for cellulose a formula 

CH(OH)— CH CH(OH)\ 

(or some multiple of it) containing 3 OH, namely ; | >0 ^0, and for hydrocellulose the 

CH(OH)— CH OHa / 


CH(OH)— CH CH(0H)2 

formula | ^0 ; these constitutions explain the formation of furfural by the decomposition 

CH(OH)— CH CHa* OH 

of cellulose and also the formation, under the action of oxidising and bleaching agents, of oscyceUtdose containing 
hetonic groups which react with phenylhydrazine, reduce rehjing^s solution, and admit of direct dyeing by basic 
dyes (e g, methylene blue). Two oxycelluloses are, however, distinguished : the one very similar to hydrocellh- 
lose and insoluble in boiling dilute alkali, and the other possessed of considerable reducing power and soluble in 
alkali. 

The hardening of cellulose in the formation of wood is due to its partial transformation into LIGNIN, which 
is not yet well deiBned chemically but certainly contains methoxy-groups, which explain the formation of methyl 
alcohol and acetic acid when wood is distilled. According to Green, lignin is formed by dehydration of cellulose 
CH:0 CH-OH 


and would be a polymeride of [ : But Klason is of the opinion that lignin is a kind of glucoside 

CH:C CH-OH 
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When sheets of pure, unsized paper are immersed for a few minutes in sulphuric acid 
of 50° to 60° Be. and then washed immediately in a plentiful supply of water, they are 
converted into parcJime^it pamper {artificial parchment), amyloids being formed at the surface. 
These artificial parchments are distinguished from the natural ones by the presence of 
nitrogen in the latter, and from paraffined paper by the extraction of the paraffin from 
these by ether. Parchment paper is rendered softer and more transparent by immersion 
in glycerine or glucose solution. If cellulose pulp is well ground and beaten in the Hollander 
until it forms an almost gelatinous pulp, a translucent paper can be obtained which is 
similar to artificial parchment and, under the name of pergamin, is largely used as a wrap- 
ping for foods and fatty materials ; this may easily be distinguished from vegetable 
parchment, which is composed of cellulose hydrate (amyloids) and is hence coloured blue 
by a solution of iodine in potassium iodide, whilst pergamin gives no such coloration. 

With concentrated zinc chloride solution, cellulose gives compounds similar to those 
it forms with sulphuric acid : papers thus prepared and then superposed and compressed 
form the so-called vulcanised paper ; this is very hard, impermeable to water, and a bad 
conductor of electricity, and is used for making plaques, tubes, and noiseless gearing. 

When cellulose is treated for a long time with energetic oxidising agents, it is converted 
into oxycellulose (Ci8H26 03 6 )r» which lowers the resistance of the tissues and, unlike cellu- 
lose, reduces Fehling’s solution and fixes, although feebly, basic dyes and alizarine without a 
mordant. Hydrocellulose reduces Fehling’s solution slightly and is not coloured by basic 
dyes. 

When cellulose (spun or woven cotton) is treated in the cold with concentrated caustic 
soda solution (25° to 35° Be.), it swells and becomes semi-transparent owing to the forma- 
tion of sodiocellulose, and treatment of this with a large amount of water converts it into 
hydrocellulose {see above), the original appearance of the cellulose being retained. But in 
the hot sodiocellulose cannot be obtained {see Part III, Textile Fibres and Mercerised 
Cotton), prolongation of the action then resulting in decomposition into oxalic acid. 
Hygroscopic water held by cellulose is eliminated by heating at 100° to 105° ; the water 
of hydration in hydrocellulose is determined by heating in toluene or petroleum or at 
130°. The hydration occurring during mercerisation increases the weight of the cotton 
by 8 to 10 per cent. 

Mercerised Cotton is distinguished from ordinary cotton by Ehiecht’s test : the material 
is dyed in the hot with 5 c.c. of benzopurpurin 4B solution (0*1 grm. in 100 c.c. of water), 
and when it has taken the colour weU, about 2 c.c. of concentrated hydrochloric acid are 
added drop by drop to the bath ; the non-mercerised cotton then turns bluish black, 
while the mercerised remains red. If oxycellulose (which is formed even by the action of 
calcium hypochlorite) is present, the material is dyed with Congo red and the acid then 
added, the ordinary cotton and the oxycellulose assuming the bluish black colour, while 
the mercerised cotton remains red ; but if the material is thoroughly washed, the pure 
cotton becomes red, the oxycellulose retaining its bluish black and the mercerised cotton 
its red colour. 


PAPER INDUSTRY 

As prime material in the paper industry, use has been and is still made of all the cellu- 
losic fibres obtained from most widely differing plants,"^ linen and cotton rags, straw, 
wood, hemp, &o. 

with two aromatic nuclei containiDg methoxy- and hydroxy-groups, also lateral groups, -CH : CH and CHa-OII, 
besides the fundamental cellulose grouping ; it is probably represented by the formula (O^oH^sOn)^. 

Dry wood contains 26 to 30 per cent, of lignin. Schultze, Tollens, and Kdnig hold the view that the hard 
part of wood is formed of cellulose, together with small proportions of pentosans and of lignin. The formation 
of wood m plants has been recently attributed by Wishcenus to the coPoidal character of the plant fluids which, 
in the initial phase, transport into the tissues the cellulose-hydrogel as a superficial, chemically indifferent sub- 
stance ; in a second phase, the latter is hgnifled by absorption and surface gelatmisation of the colloidal meta- 
bolic substances contained in the sap. Xignocellulose is hydrolysed and dissolved by zinc chloride solution and 
by ammoniacal copper oxide solution, dilute acids and alkalis also exerting a hydrolysing action. Lignin gives 
a number of colour reactions, e.g with aniline sulphate (yellow), with pMoroglucmol and hydrochloric acid (red) ; 
with potassium ferricyamde it forms potassium ferrocyanide, and with fuchsme decolorised by sulphur dioxide 
it gives a red colour ; it fixes various aniline dyes {e g. methylene blue, eosin, tSre.) directly. Wood is regarded 
by Cross and Bevan as an ester of lignocellulose, derived from cellulose (polyhydric alcohol) and Ugnic acid (lignin). 

When pure cellulose is subjected to dry distillation, it does not yield methyl alcohol, which is, however, formed 
from wood ; the alcohol mmst hence be derived from the hgnm. But acetic acid is formed from both hgnm and 
cellulose, 

^ History of the Paper Industry The origin of paper dates back to the second century E.o., when the 
first traces of it were evident in China. In early times races marked their records and writings on stone, wood, 
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It is not possible here to review all the wonderful mechanical improvements which 
rendered paper -making one of the most interesting and important industries of the nine- 
teenth century. From the arrival of the wood in the factory to the despatch of the rolls 
or reams of paper, all the operations are carried out mechanically by means of perfected 
machinery, which is not only more rapid in its action but more accurate than hand labour. 

A description cannot be given here of all the varied and ingenious dressings employed to 
obtain diiferent kinds of paper, or of the mineral loading of kaolin, barium sulphate, gypsum, 
&c., with which some papers are so impregnated that the mineral substances exceed the 
vegetable matter, to the delight of the tradesman who sells gypsum for cheese or sausages. 

What will be attempted here will be simply a brief description of the various treatments 
to which the raw material is subjected to convert it into paper. 

Paper factories require a plentiful supply of pure water, which must not contain iron 
and should be filtered if turbid. 

The rags, gathered in places of all sorts and in all conditions, are acquired from the rag- 
merchants, who separate those of wool and silk, which go to wool factories, &c., and often 
sort the remaining linen and cotton rags into light and dark sorts. 

It is calculated that Italy produces about 600,000 quintals of rags, only some 35,000 
of which are made into paper, while in 1905 20,700 quintals of vegetable rags (at 95. 6d. 
per quintal) were imported, together with 30,000 quintals of animal rags (at 485.) and 

and parchment. In the seventh and eighth centuries the Japanese and other neighbouring peoples learnt how to 
prepare paper from the bark of various trees, this industry then becoming known to the Arabs, but only much 
later in Europe In 1190 paper made its appearance m Germany, m 1250 in France, m 1275 in Italy, and m 
1430 in Switzerland. 

In the East, besides bark, cotton and Imen rags were also employed for paper making. In Italy the first 
important factory furnished with grinders and pistons for the preparation of the raw material was erected at 
Fabriano m 1320. With the subsequent discovery of printing, the paper industry underw’ent an unforeseen and 
marked development, and grew to enormous proportions in the nineteenth century. 

About the middle of the eighteenth century, the pistons and grindstones m use up to that time for treating the 
raw materials were gradually leplaced by the so-called hoUanders, which led to an increase in the output and 
an impro vement in the quality of the product. The demand for paper increased largely at the end of the eighteenth 
century, the form being improved and the price lowered. 

Mechanics and chemistry came to the aid of the paper manufacturer, and as early as the beginning of the 
nineteenth century the paste of cotton or linen fibres, mixed in large tanks, was transformed into a thin sheet of" 
paper by means of a revolving, perforated drum, through which the water escaped. It was about 1825 that 
rudimentary continuous machines were first employed, these supplying an uninterrupted strip of paper a metre ^ 
in width at a rate of 10 metres per minute. The imposing and complex, but very accurate, contmuous machines 
of the present day give paper as much as 4 metres wide at 150 metres per minute. 

Great advances were also made in the chemical treatment of the raw materials. In the first quarter of the * 
nineteenth century, the putrefaction to which the rags were subjected so that they might be more easily disintegrated . 
w^as replaced by heating with soda and lime in open boilers and, later on, in closed boilers under steam pressure. 
Then came bleaching of the fibres with gaseous chlorine and subsequently with chloride of lime. The yellow 
cellulose obtained from straw can also be bleached in this way, and since 1830 has been used in large quantities' 
fqr the commoner papers and for mixing with rags. Sizing of paper by means of resm soap, although suggested 
in 1800, only later came into general use. 

With the rapidly increasing consumption of paper, there came a time of dearth of raw materials ; cotton 
and linen rags were no longer obtainable in sufficient quantities, and straw could not be used alone. It hence 
became necessary to look foi other sources of cellulose, and it is to Keller that we owe the happy solution of this ' 
pressing problem. In 1843 he succeeded in utilising wood-cellulose by means of machines which, rotating rapidly ^ 
against logs of wood kept wet, gradually converted the wood into an aqueous pulp made up of the separate fibres ; i 
these machines were improved later by Volter, and the first factories of mechanical waod-jiulp were erected. This 
inexhaustible material can be purified by boiling it wilh caustic soda in digesters under pressure and bleaching 
the resultant brown mass with chloride of lime; this procedure gives chemical wood-pulp, which to-day forms , 
the basis of almost all kinds of paper, from the finest to the commonest 

In 1884 Dahl effected considerable economy in the manufacture of wood pulp by replacing the expensive 
caustic soda tq a large extent by sodium sulphate ; calcination of the evaporated residue of the exhausted Ij^e 
yields mainly caustic soda, sodium carbonate, sulphide, thiosulphate, <S:c., and a solution of this product acts 
on wood, giving a whiter and more resistant product. But although this process was applicable with advantage 
to straw cellulose, which gives good results only when treated with alkali or sulphate (the consumption of straw 
IS limited nowadays by its increasingly high price), it was not convenient for dealing with the enormous quantities^ 
of wood necessary to meet the growing demands for paper. As early as 1865, Tilgman in America had attempted 
the chemical purification of mechanical wood-pulp by digestion with acid sulphites, and in 1874 Ekman’s large 
factory at Bergvik was working regularly with magnesium bisulphite. Meanwhile, Professor Mitscherlich of 
Monaco (1872) had suggested the improvement of this process by using calcium bisulphite in large digesters under 
pressure. From that time and especially after the improvements introduced by Keller, the use of bisulphite 
spread gradually in Germany and other European countries and received a fresh impetus on the lapse of Mit- 
scherlich’s patents. At the present time, with rare exceptions — these including the treatment of straw, which 
contains silicates not attacked by bisulphite — ^almost all wood-pulp is transformed into cellulose by the bisulphite 
process. This process not only effects economy in the digestion of the wood-pulp, but results m an increased 
yield of a whiter and more re,sistant product. 

"With improvements in the chemical methods and especially by the use of energetic bleaching processes (chlorine, 
chloride of lime, ‘electrolytic alkali, hypochlorite, &c.), it became possible to utilise the wood of many different 
trees---from the fir to the poplar — so that there is now no danger that raw material for paper-making may sofme 
day fail. In Canada alone there are still forests large enough to supply the whole world with paper for 800 years, 
even with a much larger annual consumption than at present. 
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11,200 of mixed rags (at 8^. lOd.) ; in 1910 the corresponding amounts were 15,300, 21,000, 
and 21,400 quintals respectively. The exports in 1905 were 15,000 (at 28,9.) 12,000, and 
210 quintals respectively ; in 1906 2631 quintals were exported, in 1908 only 508, and in 
1910 less than 200 quintals* Also 65,000 quintals of macerated paper (recovered waste 
paper) are utilised every year in Italy. 
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In 1909 17,777 tons of linen and cotton rags, of the value of £180,000, were imported 
into England. 

The rags arrive at the paper factory in large bundles, some light and others dark. 
Preference is given to linen rags, since these give longer and tougher fibres and arc used 
also to improve those of cotton. The first operation to which the rags should be subjected 
is disinfection, either by heat (great care being then taken to avoid fires) or by gaseous 
disinfectants (e.pr. by introducing the bales into large iron cylinders, which are then evacuated 
and filled with formaldehyde vapour). In many factories, however, this disinfection is 

omitted, the health of the sorters 
being thus jeopardised. Sortmg 
is carried out by workpeople who 
spread the loose rags on tables 
and separate carefully those 
which are more or less white and 
those which are coloured to vary- 
ing degrees ; the larger pieces arc 
then cut by special cutters (Fig, 
382), having a number of hori- 
zontal knives fixed to the peri- 
phery of a cylinder, the seams, 
buttons, hooks, &c., being pre- 
viously removed. The different 
qualities then pass to suitable 
machines to bo cleaned and 
brushed. Fig. 383 shows a 
simple form ojf duster, in which 
the rags are beaten vigorously by 
pegs or rapidly revolving hori- 
zontal wooden cylinders and 
carried to the opposite end of 
the machine, while the dust is 
removed by an air-draught to bo 
deposited in chambers or in large bag -filters of various types (Fichter, Booth, &;c.). 

After this the rags are washed a little with water in vessels similar to bollanders {see 
p. 513) without knives but with a vaned wheel and a gauze drum for renewing the water. 
They are next removed to revolving spherical boilers, where the residual dirt is eliminated 
and dye, fat, resin, starch, gum, or other impurity destroyed. This is effected by 
boiMng, sometimes with soda or caustic soda, but more commonly with lime (2 to 5 per 
cent, on the weight of the rags) and water. These boilers (Fig. 384) hold as much as 2000 
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kilos of rags and make about two rewolutions per minute, while steam is passed in through 
a tube traversing the axis until a pressure of 2 to 3 atmos. is reached,. The boilers are 
coated with insulating material, and the boiling lasts for 6 to 12 hours, according to the 
nature of the material. When the boiling is finished, the steam under pressure is released 
into the adjacent boiler, in which the operation is just starting, and the rags removed, 
rinsed well in water, and reduced to a fine pulp in machines similar to hoHanders {see later) 
with cast-iron or reinforced concrete tanks, the Imives of the drum not being set too close 
to those of the fixed plate. About 20 horse-power is required by the hoHanders for a charge 
of 200 kilos of rags. The loss in weight in all the operations up to the present stage varies, 
according to the quality of the material, from 12 per cent, to 40 per cent. In hoHanders or 
similar vessels holding up to 800 kilos of rags, the bleaching is carried out with a clear solution 
of chloride of lime, of which 2 to 10 kilos are required per 100 kilos of rags ; a little sulphuric 
acid (100 to 200 grms. per 10 kilos of chloride of Hme) is finaHy added to liberate aU the 
chlorine from the bleaching agent. In some factories fresh electrolytic solutions of sodium 
hypochlorite (see voL i, p. 457) are used. The bleaching must not be too prolonged, and 
the pulp is afterwards washed in 
large quantities of water until all 
smell of chlorine has disappeared 
and potassium iodide starch paper 
is no longer turned blue or blue 
litmus paper reddened ; as a pre- 
caution, 30 to 50 grms, of sodium 
thiosulphate (antichlor) and soda 
are added to each vessel. The 
bleached mass or half-stuff, as it is 
called, is freed from water and 
allowed to drain for some days in 
brickwork chambers with pave- 
ments of absorbent grooved bricks. 

From these it is taken in the 
moist state as required for mixing 
with bleached wood-pulp. The 
mixture is beaten in true Hol- 
landers, the knives being set more 
or less close according as more or 
less fine refined pulp is required. 

WOOD-PULP (Mechanical 
Pulp). The treatment to which 
the woody parts of the various 

plants suitable for paper-making [fir, pine, larch, poplar {Populus nigra or, better, 
Populm canadensis), beech, birch, esparto (of which Algeria exports half a mxHion quintals 
annuaUy), straw, hemp, broom, &;c.], varies somewhat, as the ceUulose and the simrounding 
lignin are present in different proportions and in different states of aggregation.^ Logs 
containing few knots are cut into the required lengths (40 cm.), which, after the knots 
have been removed by a boring machine, are barked in another machine. The logs are then 
defibred by being pressed against a stone mill, which revolves rapidly and removes the 
fibres tangentiaUy. This miU is about 1 J metre in diameter and 35 to 40 cm* thick, and it 
revolves either horizontally or verticaUy (at 150 to 180 turns per minute). To the latter 
type belongs the vertical grinder devised by Voith and subsequently improved in various 
ways (Fig. 385). The three chambers corresponding with the three toothed rods, B, contain 
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^ In tlic disintegrated wood, the proportion of cellulose is determined by digesting several times with sodium 
bisulphite solution and then treating repeatedly with chlorine at 0°, by which means almost aE the constituents 
except the cellulose are dissolved, i'or the determination of the aude ceUulose m plants, Weender’s older method, 
modified by Hennebcrg and Stohmann, has been largely replaced by that of Gabriel <or Lange and Kbnig): 
2 grins, of the finely divided substance are heated in a beaker with 60 e.c. of alkaline glycerine (33 grms. of caustic 
soda dissolved in a litre of glycerine) at 180°, the mass being then cooled to 140® and poured into a basm coh- 
taining 200 c c of boiling water, with which it is mixed, and allowed to settle. The supernatant liquid is drawn 
off through a siphon covered with cloth at the end dipping into the liquid, and the deposit boiled with 200 c c. 
of watei which is siphoned off as before. The boiling is repeated with 200 c.c. of water containing 5 e.c: of con- 
centrated hydrochloric acid, and the residue finally brought on to a tared filter, washed with water, alcohol, and 
ether successively, dried and weighed as crude ceUulose 

To determine the pure cellulose, almost free from pentosans, ash, <&c., Konig^s method is used : 3 grms. of 
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the logs cut to the proper length, and, while the grinder revolves, these are pressed against 
it by the corresponding covers which are forced down by the toothed rods ; the latter 
connect with gearing worked by a chain, D, the velocity of which is proportioned to that 
of the grinder. The pressure is nowadays exerted hydraulically ; Tig. 386 shows a series of 
such vertical grinders in which hydraulic pressure is employed. Horizontal grinders (Tig. 
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387, vertical section ; Tig. 388, general view) with hydraulic pressure are now widely used, 
as they admit of a larger number of logs being ground at the same time. While in opera- 
tion, the grinder is continually sprayed with water to prevent heating and to remove the 
woody fibres as they are liberated. 

According to the pressure of the logs on the grinder and to the speed of the latter 
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a more or less fine pulp is obtained with a smaller or larger content of splinters, dust, and 
other irregular and imusable portions ; these are removed by means of sloping sieves, 

the finely divided, air-dned material are treated with 200 c.c. of glycerine (sp. gr. 1 230) containing 4 grms of 
concentrated sulphuric acid in a dish which is heated m an oven at 137® for exactly one hour, the liquid being then 
allowed to cool to 80® to 100®, mixed with 200 to 250 c.c. of hot water, boiled and filtered hot through an asbestos 
flitei with the help of a pump. The filter is then washed with 300 to 400 c c. of hot water, then with boiling 
• alcohol, and finally with a liot mixture of alcohol and ether. The filter and its contents are next introduced 
. into a platinum ciucible, which is dried at 105“ to 110® and weighed. The crude cellulose is then ashed by heating 
to redness, the loss in weight thus produced representing the crude cellulose free from ash. If, m a second estima- 
tion, the cellulose is not dried and ashed, but is repeatedly treated for several hours with strong hydrogen per- 
. oxide and ammonia, and finally washed, dried, weighed, ashed, and again weighed, the proportion of pure, white 
cellulose is obtained. The difference between the crude and the pure cellulose represents the hgnin* 
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B and G (Fig. 389), on to which the channel. A, conveys the water to carry away the crude 
wood-pulp, while powerful water -jets carry the splinters (&), the good fibre (c), and the 
dust {E) to various collecting channels. Cylindrical or superposed sieves are also used. 
When the wood-pulp is to be used immediately for making paper, it is mixed with the 
necessary quantities of rag-pulp and dressing and worked up as described below. But 

generally the wood-pulp is 
placed on the market, in which 
case the water is removed and 
the pulp converted into sheets 
by sucking it on to drums 
of metal gauze or travelling 
planes, through which the 
water is drawn by suction ; 
the continuous layer of pulp 
is cut into lengths and is best 
dispatched in the wet state 
(with 40 to 60 per cent, of 
water). But sometimes the 
Fig. 389. sheets are dried on hot drums, 

although this renders difficult 

the subsequent treatment necessary to transform them into pulp in the hoUanders. 

Wood-pulp is yellowish or rather brown, and still contains all the encrusting substance 
(lignin) ; it cannot be used as it is for paper, the action of light altering its colour imme- 
diately. It cannot be bleached with chloride of hme or alkaline reagents, which intensify 
its yellow colour ; but good results are obtained with sulphur dioxide, which does not, 
indeed, remove the yellow tint but prevents the 
browning or reddening which gradually sets in. 

Barked and cleaned logs yield about one-haK 
their weight of dry wood-pulp (containing 12 to 15 
per cent, of moisture). 

CHEMICAL WOOD-PULP. This is obtained 
by removing the encrusting matter from the wood 
by means of various chemical agents. It was 
Payen who first, in 1840, attempted this purifica- 
tion with nitric acid, and who afterwards tried 
caustic alkalis, sulphurous acid, &c. The prepara- 
tion of the cellulose in the chemical way can be 
effected by (a) the soda process or (b) the bisulphite 
process, 

(a) The logs freed from bark and knots are 
converted into sticks 1 cm. thick, which are 
heated for some hours with caustic soda of 12° Be. 
under a pressure of 6 to 8 atmos. (160° to 170°) in 
large digesters, 100 to 200 cu. metres in capacity. 

Various types of digester are in use. Fig. 390 
showing the vertical type devised by Sinclair. 

This consists of an iron cylinder. A, 6 to 6 metres 
in height, with conical extremities, a charging 
orifice, G, a wide horizontal discharge tube, G^, a 
tube, b, by which the caustic soda is introduced, 
and an inner perforated jacket, which is filled to 
the extent of four-fifths with the sticks. The 
reservoir, G, contains a supply of caustic soda solution, and circulation in the digester can 
be effected with the help of a Korting injector, the cocks of the tubes, and A, being 
opened ; the latter conveys the alkali on to the sticks, while that collected between the 
perforated jacket and the inner wall of the digester ascends through A^. The hot gases from 
the hearth, K, heat the digester and pass through E to the chimney. At the end of the 
operation the highly coloured alkali is discharged from the tap, F, and can be used for 
several successive treatments, being reinforced each time with a little sodium carbonate- 
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The soda is eventually recovered from this liquor by evaporating in a vacuum, calcining 
the residue, extracting the sodium carbonate thus formed with water, boiling with milk 
of lime, and decanting the resultant caustic soda solution {see vol. i, p. 441). But for this 
recovery of the soda, this process would be inapplicable. A method which is more econo- 
mical and more generally used consists in reinforcing 
the alkali liquor first used with sodium sulphate, instead 
of the carbonate, for subsequent operations ; the liquor 
is then ultimately evaporated m a vacuum and calcined, 
the sodium sulphate, in presence of carbonised organic 
matter, being converted partly into caustic soda and 
partly into sodium sulphide (which exerts on wood the 
same action as caustic soda), just as in the preparation 
of soda by the Leblanc process {see vol. p. 468). 
Extraction of the calcined mass with water yields a liquor 
containing sodium sulphate, sulphide, and carbonate, and 
is ready to act on fresh quantities of wood in the digester. 
Cellulose thus prepared is termed sulphate pulp. The 
concentration of the alkaline liquor is accompanied by 
the production of pungent and disagreeable odours, which 
are a source of annoyance to the neighbourhood, so that 
in certain countries {e.g. Scandinavia) such concentration 
is prohibited. It has been suggested to destroy these 
odours ('due to mercaptan) by nitrous vapours. 

Use is also made of horizontal autoclaves arranged in 
series like sugar diffusors {see p. 451), while ordinary 
vertical iron digesters, as shown in Fig. 391, arc largely 
employed. The digesters can be heated with indirect steam for 24 to 48 hours, or, more 
economically and rapidly, by direct steam (10 to 15 
hours) to 140° to 150° (12 to 15 atmos.), but the yield 
is then rather lower and the mass slightly more 
attacked. The residual cellulose is washed, in the 
digesters themselves or in hoUanders, with water and 
steam and is then mixed with the quantity of rag 
half -stuff necessary for the kind of paper required, 
the whole being then worked in the hoUander into 
the refined pulp {see later). 

(5) Calcium Bisulphite (Mitscherlich) or Mag- 
nesium Bisulphite (Ekman) Process. This process is 
the one most largely used at the present time, as it 
gives a cellulose of better quality than the preceding 
method. The wood is heated imder pressure (115° 
to 130° or 2-5 to 4 atmos.) m large autoclaves lined 
inside with cement or brickwork with a solution of 
calcium bisulphite, Ca(S 03 H) 2 , or magnesium bisul- 
phite, which dissolves the encrusting matter but does 
not act on the cellulose ^ ; the liquid is circulated 
inside the boiler by means of an injector or by leaving 
a small upper tap slightly open. The bisulphite 
solution of 4° to 5° Be. (about 30 grms. of SO 2 per 
litre, approximately one-third being combined with 
lime) is prepared in very tall wooden towers (that of 
Harpf being as much as 55 metres high), usually 
lined with lead and filled with limestone or dolomite 392. 

(Fig. 392). A current of sulphur dioxide ascends 

from the bottom to the top of the tower, while the trough, hi, supplied by the reservoir, S, 
at the top, yields a fine spray of water ; the bisulphite solution is collected at the bottom. 

1 Mgninm dissolved with remarkable case by calciimi bisulphite, giving a stable soluble compound, the sulphur 
dioxide iix which is neither detectable by iodine, nor capable of being sot free by sulphuric acid, nor able to oxert 
reducing action. Sulphurous acid alone does not act so well as the bisulphite, the lime being necessary for the 
formation of these sulphonic salts and for the neutralisation of the sulphuric acid, always formed. 
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Harpf's tower has ten gratings (I to X), connected by steps not shown in the figure ; each 
of these can be charged and attended to independently of the others by means of the 
door, Tc, The first six gratings are cleaned every four weeks, but the others far less often. 

The sulphur dioxide issues from pyrites furnaces into the iron tube, c, and passes down 
the earthenware pipe h, B B being for convenience of cleaning. The calcium or magnesium 
bisulphite solution deposits its suspended matter in L and is then discharged into storage 
tanks. When the whole of the tower is to be w’ashed, the plug, P, of the cistern is 
raised. 

To ascertain the completion of the action of the bisulphite on the wood in the digesters, 
a sample of the liquid is removed now and then and treated in a graduated tube with 
ammonia ; when the calcium sulphite occupies one -sixteenth of the \’'olume of the sample 
the heating is stopped, and when this fraction is reduced to one thirty -second the operation 
is finished and the coloured liquor can be discharged. The wood is sometimes treated 
with steam before being introduced into the bisulphite boiler. The whole operation, in- 
cluding charging and discharging, preliminary treatment of the wood and action of the bi- 
sulphite, lasts 50 to 60 hours. The spent bisulphite liquor is highly coloured and charged 
with salts, gummy matters, tannin, glucose, pentoses, acetic acid, nitrogenous compounds, 
&c., and it is usually forbidden to turn it into watercourses or bottomless w’ells ; so 
that it is often purified by precipitation of the sulphite with lime, the calcium sulphite 
being then reconverted into the bisulphite by sulphur dioxide. Attempts have also been 
made, but with little success, to evaporate the residual liquor and so obtain adhesive 
gummy substances utilisable in the preparation of coal briquettes. In a factory with two 
boilers, each of 120 cu. metres capacity (12 to 15 metres high, 3-5 to 4 metres in diameter, 
and about 2 cm. thick), each of these is charged with about 200 quintals of wood and 
85 cu. metres of bisulphite solution. With a monthly output of 1000 quintals of cellulose, 
the daily production of spent liquor is 30 cu. metres, the organic residue amounting to 
8 per cent, and the ash to 2 per cent. The rational disposal of these spent liquors is always 
a serious problem, which stiH awaits solution ; the attempts made to prepare alcohol from 
them are mentioned in the note on p. 142. 

The gases emitted can be deodorised by means of nitrous vapours, which attack the 
mercaptans. 

The yield of cellulose varies with the quality of the wood, but is about 50 to 55 per 
cent. 

(c) Electric Process, This was proposed by Kellner, and consists in passing through 
closed receptacles containing the wood a solution of sodium chloride at 126°, through 
which an electric current passes ; the chlorine, hypochlorous acid, and caustic soda act 
together in the nascent state, dissolving the encrusting substances of the wood and libera- 
ting the ceUulose. This process has not yet been much used. 

MECHANICAL REFINING OF THE CELLULOSE AND MECHANICAL WOOD- 
PULP. The mass of wood, more or less finely divided, extracted from the digesters is 
coarsely defibred in suitable disintegrating machines, and the cellulose and the mechanical 
pulp, either together or separately, according to the kind of paper required, are introduced 
into the so-called hoUanders, where they are completely defibred and converted into a 
very fine pulp ; bleaching with calcium hypochlorite and the subsequent washing are also 
carried out in the hoUanders, as is the addition of dressing, colour, size, resin, alum, &c., 
necessary for the desired paper. 

The hollander beating machme consists of a large, oblong wooden or, better, cement 
vessel (A, Pigs. 393 and 394), in the middle of which is a vertical, longitudinal partition, B, 
which does not extend to the ends of the vessel. In one part of the vessel is a large revolving 
drum, D, furnished at its periphery with a number of cutters which circulate the water 
containing the cellulose or mechanical pulp. The bottom of this part of the vessel is in 
the form of a ridge {PR, Pig. 394), and at a point, F, on one of the slopes are fitted cutters ; 
the drum can be moved up or down by means of the lever, EG, and the distance between 
its cutters and those at P thus adjusted as required. The movement of the water produced 
by the rotation of the drum causes almost the whole of the cellulose and pulp to pass 
between the fixed and revolving cutters, and after some time the woody fibres swim sepa- 
rately in the water. As the process goes on, the knives are graduaUy brought closer together 
until the desired degree of fineness is attained. The mass passes up the plane, P, down 
the plane, E, round the partition, B, again up the plane, P, and so on. 

II 


33 
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The washing water can be changed by immersing in the free half of the vessel a fine 
gauze dram from which the water can be aspirated by means of a pump. This dimm is 
then raised by the chain and pnlley, B (Fig. 393), and fresh water introduced into the vessel. 
To avoid spurting from the drum, D, it is fitted with a cover, T. In the base of the vessel 
and in front of the inclined plane is a recess for catching pieces of iron or stone accidentally 
present in the wood-pulp, the cutters thus being protected from damage. Fig. 193 on 
p. 237 shows a battery of hoHanders, which are also used for guncotton. 



Fig. 393. 

SIZING AND FORMATION OF THE PAPER. The refined pulp in the hollander, 
containing the different raw materials (rags, wood-pulp, cellulose, &o.) in the requisite 
proportions, is blued and sized before being transferred to the continuous machines. The 
blueing is effected by adding, a short time before the end of the beating, 500 to 1000 grins, 
of ultramarine, Prussian blue, or aniline blue ; a little later the size is added, which renders 
the paper impervious to water and prevents ink from running on it ; if blotting-paper or 
filter-paper is required, the sizing is omitted. Sizing can be carried out on the finished 
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paper, but it is usually preferred to add the dressing directly to the finished pulp while 
this is still suspended in water, since in this way all the fibres become coated with the 
size without losing the power of adhering, one to the other, to form a homogeneous, felted 
mass of paper. Animal size was at one time used, but, owing to its ready putrefaction or 
alteration even while it is being applied, it has been almost entirely replaced by resin 
(colophony) previously rendered soluble (resin soap) by means of caustic soda. With 
water this soap forms very fine, homogeneous and persistent emulsions, the efficacy of 
which may be increased by the addition of starch paste (in amount sometimes equal to 
that of the resin) or of casein dissolved in dilute soda solution. The total dressing added 
amounts to 2 to 5 per cent, of the dry paper. 
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In order to precipitate tlie resin in a fine state of division on the fibres, a solution of 
aluminium sulphate (or of potash alum) is added to the homogeneous mixture of pulp and 
resin soap ; as was shown by Wurster, this effects the precipitation of the resin, starch 
(or casein), and a very small amount of aluminium resinate. Nowadays one-half of the 
aluminium sulphate is sometimes replaced by the cheaper magnesium sulphate. The 
so-called loaded papers are obtained by adding, in addition, a considerable quantity (some- 
times 50 per cent.) of kaolin, 
barium sulphate, talc, or cal- 
cium sulphate. 

The colouring-matters 
(mineral dyes, lakes, or sub- 
stantive aniline dyes) are also 
added directly to the finished 
pulp, organic dyes being the 
more commonly used. The 
lakes are produced by mixing 
basic dyes with the pulp and 
then precipitating with tannin 
solutions ; for direct dyeing, 
substantive dyes {see later, 
Colouring - Matters) are em- 
ployed. Powdered lakes ob- 
tained by precipitating either 
acid aniline dyes with aluminium hydroxide or basic dyes with tannin or tartar emetic 
may also be used. 

After all these additions have been made, separation of any of the components from 
the homogeneous pulp is prevented by conveying the latter into two vats, where it is kept 
in motion by stirrers, the resultant milk being more or less dense according to the thickness 
of paper required. Before going to the continuous 
machine to be converted into paper, the pulp is 
passed through a purifier (Fig. 395) which removes 
any clots of fibre still present. This purifier consists 
of two or three slightly inclined, oscillating plates, 
perforated with very fine slots ,* when the pulp is 
fed regularly on to these plates, the fine fibres pass 
through while the lumps are discharged into channels 
provided for the purpose. 

The homogeneous pulp collected under the 
vibrating plates is conveyed to the eontmuous 
machine at an almost absolutely regular speed, and 
on this depends the uniformity in the thickness of 
the resultant paper ; the pulp regulator or feeder 
should hence be constructed with great care. If 
this homogeneous pulp is placed on a very fibue 
sieve, the water passes through, leaving a thin layer 
of interlaced, adhering fibres which can be removed 
in the form of a wet sheet. The preparation of the 
paper in the continuous machine takes place in a 
similar manner. The pulp is distributed uniformly on a very fine endless copper 
gauze after a good proportion of its water has been removed by draining and suction. 
A cloth then passes the wet sheet to a pair of roUs, which compress it and give it more 
consistency ; other rolls heated to 130° gradually dry the paper, while others, again, 
press it and give it a little polish. When it leaves the endless gauze, the paper is sufficiently 
consistent to be conveyed to the supercalendar (Fig. 396), whbre it is pressed and polished 
between several pairs of rolls. Other machines wind it into rolls, cut it, rule it, &;c. 

A large modern continuous machine may cost several thousands of pounds. A general 
view of such a machine is shown in Fig. 397 ; the two vats of pulp are seen at a, while 6 
represents the circular feeder carrying buckets, c the dru.m sieve which collects the pulp and 
passes it as a wet sheet to the metal gauze, d, this transferring it to the cloth at / and 
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passmg back round the rollers, e, underneath to take up fresh pulp ; g shows the drying 
rolls and h where the cloth returns, the continuous length of paper being di’awn off at % 
to the winding apparatus. 

It is not possible here to consider the different kinds of paper now" manufactured, or 
the different pulps required, or the special modern machines devised to meet all the lequirc- 
ments of the trade, but a few words may be devoted to the testing of paj^er,^ tlie pulp 
used being recognisable under the microscope by the magnitude and form of the fibres 
(see Figs. 398 et seq.). As will be shown in the chapter on Textile Fibres, the fibres of paper 
are corroded and somew^hat distorted and resemble the original fibres only in certain 
characters. 

The fibres of the white fir are showm in Fig. 398 at A and in transverse section at B ; 
they are brown and are characterised by the pores arranged in concentric circles. Fig. 399 
shows at B altered cotton fibres and at L those of linen. Fig. 400 gives an idea of the 
microscopical appearance of mechanical wood-pulp of the conifers (fir, pine, &c.) with 
medullary rays, while Fig. 401 shows chemical pulp from the conifers ; in the latter 
case, the concentric circular pores are less marked and the fibres more homogeneous. 
Fig. 402 show"s straw cellulose with the very thin parenchymatous cells, a, rounded at the 
ends, and the superficial toothed cells of the epidermis, o, mixed with the bulk of ordinary 
elongated and striated fibres. Bsparto fibres resemble those of straw to some extent but 
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are lacking in thin and terminal cells, while the toothed edges are different in nature and 
are found in smaller cells than in straw ; esparto contains certain isolated fibres having 

1 Testing of Paper. The presence of mineral loading is detected hy determining, in a platinum cincihlc, 
the ash of 1 to 2 grms. of the paper, cut up and dued at 100® to 105 ® ; non-loaded papei contains 0'4 to 2 5 per 
cent, of ash. To detect the piescnce of mechanical wood-pulp, the paper is immersed in an aqueous .solution 
of aniline sulphate, which imparts a golden-yellow colour to the crude wood fibie ; or use may be made of aqueous 
phloroglucinol faintly acidified with hydrochloric acid, this dyeing the crude wood fibre (niechameal pulp) rcul. 
The impermeabiktij or soliddy of the sizing is determined by Leonardos method ; on to the papei , stretched and 
inclined at 60®, a solution containing 1 per cent, of feme clilondc, 1 per cent, of gum aiabic, and 0 2 per ecut. 
of phenol is allowed to fall drop by drop so as to form a number of moist strips which are then allon'cd to diy ; 
similar strips, crossing the first and perpendicular to them, are next made with a solution containing 1 per ci'iit. 
of taimin and 0-2 per cent of phenol ,* the formation of a black stain of tannatc of iron at tlie point of mtersoci-iou 
indicates bad sizing, absence of stain shows perfect sizing, and stains more or loss grey demote more or less good 
sizing. 

Resin sizing is recognised by pouring a few drops of ether on to the paper and allowing them to evaporate ; 
the formation of transparent rings indicates the probable presence of resin. Or a few grms. of the paper may 
be boiled with absolute alcohol containing a few drops of pure acetic acid, the solution being afterwards poured 
into distilled water ; if the latter becomes turbid, the presence of resin is certain. 

To detect animal sizing^ a few grms of the paper are boiled with a very small quantity of rli.stilled water, 
the liquid being filtered, highly concentrated and treated with a solution of tannin ; if .size is pre.sont, whitish 
grey flocks are formed, which, when observed under the microscope in contact with a dilute solution of iodine 
in potassium iodide, are seen to be coloured brown, while if starch is present this i.s coloured blue ; the test for 
starch may be made directly on the paper itself. 

The piesence of free mineral acid is ascertained by boiling the paper in a little distilled water and noting if 
the solution turns Congo-red paper blue or black. 

Tor the microscopical examination {see Tigs 393-402), the fibres are liberated as follows: 3 to 5 sq. cm. of 
the paper are boiled and vigorously shaken for two minutes with 3 to 4 per cent, caustic soda solution, the pulp 
thus formed being poui-ed on to a very fine metal sieve and washed well with tepid water. The fibres are then 
tested microchemically with solutions containing (1) 6 parts of iodine, potassium iodide, 10 partes of glycerol, and 
90 of water, and (2) 100 parts zinc chloride, 10 5 of potassium iodide, 0*5 of iodine, and 75 of water, the clear 
liquid being, m this case, decanted from the precipitate formed ; linen, hemp, and cotton are coloured pale to 
dark brown by solution (1), the thm fibres remaining almost colourless, while with solution (2) a more or less 
intense wme-red coloration is obtained. 

An alcoholic solution of phloroglucinol containing hydrochloric acid does not colour pure cellulose but reddens 
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the form of teeth or elongated pears. Spain exported more than 90,000 tons of esparto in 
1872 and about 4G,000 in 1900. Algeria now exports 80,000 tons, Tunis 30,000, Tripoli 
75,000, and Morocco 4000. Algeria contains 5,000,000 hectares under esparto. England 
imports about 200,000 tons of esparto per annum. 

STATISTICS. Books and reviews often contain contradictory and fantastic statistics 
concerning the output of paper. According to the most trustworthy data, the world’s 
production of paper and pasteboard on 1906 amounted to about 8,000,000 tons, and that 
of cellulose in 1908 was estimated at 1,600,000 tons of the value of £16,000,000. 

In 1904 the United States produced 2,000,000 tons of mechanical pulp and 4,000,000 
tons of paper and pasteboard, worth £32,000,000 ; in 1860 the output was 200,000 tons, 
of the value of £5,200,000. The wood converted into naechanical pulp represented a value of 





£5,600,000 in 1908, and more than £6,800,000 (from 253 factories) in 1909. The value of 
the exports was £1,480,000 in 1904 but is rapidly increasing, and already exceeds £4,000,000 ; 
in 1904 there were 1200 paper and mechanical pulp factories, with a total capital of about 
£40,000,000, one -half of th s representing machinery. 

In 1911 the United States imported 263,000 tons of mechanical wood-pulp, 213,000 
tons of cellulose (£1,296,000), and 86,000 tons of bleached pulp (£737,800). 

impure cellulose, the presence of wood-pulp (t e. impure cellulose) in paper heing hence detectable m this manner. 
Further, aniline sulphate or naphthylainmc hydioehloride colours impure cellulose yellow, but does not alter 
pure cellulose. 

The bursting strain of paper, called also the degree of elashciiy, is determined in the directions of the length 
and breadth by means of suitable dynamometric apparatus, the elongation which occurs before rupture being 
expressed as a percentage of the length (this vanes from 1 5 to 4 per cent, for different papers). The breaJang 
length expresses the length of a uniform strip of paper which would tear under its own weight if suspended from 
one end : if a strip 10 cm. wide of paper of which 1 sq.. metre weighs 70 grms breaks under a load of 3500 grms. 

the breaking length is x 1000 - 6000, 

The resistance to folding is detenmned roughly by crushing and rubbing an irregular ball of the paper' between 
the hands ; when different papers are compared in this way, that with the least number of creases is the best. 
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Germany in 1899 contained 900 paper and pasteboard factories, 72 wood-cellulose 
factories, 30 straw-cellulose factories, and 600 mechanical ■wood-pulp factories, using a 
total of 125,000 hydraulic horse-power and 75,000 steam horse-power, employing 65,000 
operatives, and producing 270,000 tons of cellulose (650,000 tons in 1909), 300,000 tons of 
mechanical pulp,and 800,000 tons of paper and pasteboard. In 1884 the output of paper and 
paste-board was 200,000, and in 1904 more than 1,200,000 tons of the value of £12,600,000. 
The imports in 1904 were 24,000 tons of paper and pasteboard, the same quantity of 
mechanical pulp, and about 47,000 tons (32,550 tons in 1909) of cellulose ; the exports 
were 64,000 tons of cellulose in 1904 (147,088 tons in 1909), 6000 tons of mechanical pulp, 
and 250,000 tons of paper and pasteboard. In 1908 Germany imported 833,480 tons of 
wood for paper, and in 1909 about 1,653,000 tons, exporting about 40,000 tons. 

The price of wood-cellulose in Germany was 42s. per quintal in 1862 and is to-day less 
than 105. 

In Norway the first manufactory of mechanical pulp was erected in 1870 and the first 
of cellulose in 1880, and in 1905 the paper industry occupied 8000 workpeople, the output 
being 100,000 tons of paper. In recent years this industry has advanced considerably, 

27 factories now possessing a total of 60 continuous machines and the production of 
paper in 1910 being 150,000 tons (of the value of £1,520,000), nine-tenths of this being 
for export. 

In 1891 Sweden possessed 40 paper factories, occupying 3000 workpeople and producing 
36,060 tons of paper, worth £480,000. In 1906 the output of paper was 209,000 tons 
(£2,400,000), and in 1907, 225,000 tons (£2,560,000). Sweden produced mechanical wood- 
pulp to the value of £3,080,000 in 1906 and £3,760,000 in 1907, part of it being exported. 

France produced about 75,000 tons of paper in 1860, about 60,000 operatives being 
employed in the industry in 1901 ; in 1904 the output was almost 450,000 tons. 

In Eussia the consumption of paper is continually increasing, but the amount produced 
is almost stationary : 163,800 tons in 1897, 177,000 in 1900, and 205,000 (£7,600,000) in 
1906 ; so that Eussia imports a considerable quantity of paper, oven from Japan and China, 
but more especially from Finland, whose exports of paper to Eussia have increased sixfold 
during the last ten years. 

Finland exported nearly 43,000 tons of mechanical pulp and about 13,000 tons of cellu- 
lose in 1906, largely to Eussia. 

Austria produced about 350,000 tons of paper in 1904. 

England in 1860 produced about 100,000 tons of paper and now produces rather less 
than Germany ; in 1909 the imports included, besides rags (q.v.), 197,501 tons of esparto, 
&c., of the value of £720,000, and 749,740 tons of mechanical wood-pulp and cellulose, worth 
£3,480,000. 

The imports of raw materials for paper-making into England were valued at £4,741,230 
and the exports at £820,730 in 1911 ; the imports of paper of different kinds amounted 
to £6,574,500 and the exports to £3,311,867 in 1911. 

In 1906 Spain produced more than 35,000 tons of paper. 

The paper industry in Italy has increased very considerably in recent years, the produc- 
tion being 60,000 tons in 1876 and almost 70,000 in 1886, the importation of cellulose 
being as follows : 1800 tons in 1886 ; 13,600 in 1896 ; 24,300 in 1901 ; 42,000 in 1905 ; 
46,700 in 1907 ; 54,000 in 1908 ; and 63,100 tons, of the value of £706,400, in 1910. The 
production of cellulose in Italy is very small, there being but three factories. In 1896 

28 mechanical pulp factories produced 10,000 tons of the pulp, 4200 tons of which were 
imported in the same year and 8741 tons (£62,936) in 1910. The total production of paper 
and cardboard in Italy in 1907 was about 200,000 tons ; 30,000 tons of this was used for 
daily papers weighing 45 grms. per sq. metre (245. to 285. por quintal). 

The Customs duty on paper in Italy varies from about 65. to 365. per quintal for different 
qualities. 

The following numbers represent the mean annual consumption of paper in kilos per 
inhabitant for various countries, these being regarded as a rough indication of progress : ^ 

' About 76,000 new books aie published per annuia in the whole world, these requiring 25,000 tons of meehaiil- 
cal pulp alone. In addition, about 30,000 periodicals are published with a total circulation of nearly 11,000,000,000 
copies and for these 1000 tons of mechanical pulp are consumed per day. 

Of the total output of paper, 32 per cent, is for ordinary punting, 10 per cent, consists of fine paper and writing 
paper, 10 per cent, of brown paper and cardboard, 6 3 per cent, of flue cellulose and rag paper for fine printing; 
5 per cent, of straw paper and card, 3 per cent, of paper for placards, (Sfcc., 3 per cent, of wall-paper, 0 6 per cent, 
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United States, 19-3 ; England, 17-2 ; Germany, 14 ; France, 11-5 ; Austria, 9-5 ; Italy, 
7 - 5 ; Spain, 2-5; Russia, 2-3 ; Servia, 0-6 ; China, 0-6 ; India, 0-13. 

Of drawing paper, 0 5 per cent of silk paper, cigarette paper, and paper for making flowers : 0 4 per cent, of 
blotting- and filter-paper, <Src. 

Alxhough the consumption of paper has increased to an extent that would have been incredible a few years 
ago, yet the day is far distant when a scarcity of raw material will be experienced. Canada alone, with its 

322.000. 000 hectares of forest land can supply the whole world for several centuries. Of other reserves of forest 
the most important a-re those of the United States, 200,000,000 hectares : Bussia, 184,000,000 ; Queensland, 

86.000. 000 ; Siberia, 38,000,000 ; British India and Burmah, 26 000,000 ; Finland, Sweden, and Japan (excluding 
Formosa and Hokkaido), 20,000,000 each ; Germany, 17,000,000 ; Austria and France, 10,000,000 each ; Hungary, 
Croatia, and Slavonia, 9,000,000 ; Hew Zealand, 8,000,000 ; Asiatic Turkey, 7,000,000 ; Horway, 6,000,000 ; 
Hokkaido (Japan), 6,000,000 ; Italy. 4,500,000, <S:c. In Burmah and elsewhere there are immense tracts of 
bamboo, which will one day be utilised for the manufacture of paper 

It cannot, however, be denied that an immense amount of wood is used for building purposes, and in Italy, 
for instance, many of the forests have been destroyed, so that the imports of wood, which in that country amounted 
to £840,000 in 1871, increased to £2,000,000 in 1900, to £2,840,000 in 1905, and to still greater extents (mostly 
from Austria-Hungary and America) in recent yeais Isee vol i, p. 204). 



PART in. CYCLIC COMPOUNDS 


The aliphatic series contains various groups of closed-chain compounds 
{e.g. lactones, uric acid derivatives, anhydrides of dibasic acids), which are 
readily opened by simple reactions giving ordinary open-chain compounds of 
the fatty series. 

ISTumerous substances are, however, known containing a closed-chain 
nucleus which is composed of 3, 4, 5, or more commonly 6, carbon atoms united 
in a special manner and is resistant to the most energetic reagents. These 
compounds form the important group of aromatic compounds. 

Other groups of cyclic substances are also known with nuclei composed, 
not of carbon atoms alone, but of several elements, e g. pyridine, in 

which the nucleus contains 5 carbon atoms and 1 nitrogen atom ; pyrrole, 
O4H5N, with C4 and N in the nucleus ; furan, C4H4O, with a C4O nucleus ; 
thiophene, C4H4S, with a C4S nucleus ; pyrazole, with the nucleus 

C3N2, &c. These compounds are called heterocyclic. 

There are also many substances derived from more complex nuclei formed 
by the condensation of two or more of the nuclei mentioned above, e.g. naph- 
thalene, CioHg, in which are condensed two benzene nuclei held together by 
two carbon atoms common to the two nuclei, and quinoline, with a nucleus 
analogous to that of naphthalene but composed of one benzene and one 
pyridine nucleus. 

AA. ISOCYCLIC COMPOUNDS 

These contain 1 or several homogeneous carbon atom rings, and can be sub- 
divided, according to the type of linking, into (1) Polymethylene Compounds, 
which contain singly linked carbon atoms and are less resistant to chemical 
reagents than (2) Benzene Derivatives, where the carbon atoms are linked very 
diferently {see later). Compounds of the first group approach those of the 
aliphatic group in their chemical properties and are hence intermediate 
to methane and benzene derivatives, 

I. CYCLOPARAFFINS AND CYCLO-OLEFINES OR 
POLYMETHYLENE COMPOUNDS 

/CH2 

TRIMETHYLENE {OYclopropane)^ CH2\ | , is obtained by the action of sodium 

^CH2 

on ay-dibromopropane, CHgBr-CHa-CHsBr, the bromine being eliminated and the cliain 
closed. It is a gas wMcli liquefies at a pressure of 5 to 6 atmos. and combines very slowly 
with bromine or hydriodic acid giving open-chain compounds, so that it is easily dis- 
tinguished from propylene CHg : Its heat of combustion is much greater than 

that of propylene, into which it is partially converted at 400°. 

Its derivatives are obtained from ethylene bromide by means of the ethyl malonaie 
synthesis (see p. 308). 

CHav .CO2H 

Trimethylenedicarboxylic Acid, | , was obtained by Perkin by the 

CII 2 ^C02H 

interaction of ethylene bromide^and ethyl sodiomalonate. 
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TETRAMETHYLENE {OyGlobutane) is not knomi in tKe free state, bnt derivatives 
of it are obtainable by syntheses similar to those used for trimethylene compounds. 

CHa-CHgv 

PENTAMETHYLENE iflyolo'pentane), | /CH2, is a liquid boiling at 50° ; 

its derivatives are prepared by the ethyl malonate synthesis. 

According to Baeyer’s tension hypothesis (see p. 88 and Fig. 247, p. 306), it is easy to 
understand why pentamethylene is the most stable of the precedmg compounds, a ring of 
five carbon atoms being the only one which can be formed without tension of the linkings. 
Indeed, while trimethylene combines with Br or HI with rupture of the ring, penta- 
methylene does not unite with bromine and resists the action of nitric or sulphuric acid 
like a saturated hydrocarbon, the properties of saturated o^en- and c^oscd-chain compounds 
hence differing but little. 

KETOPENTAMETHYLENE {Cjclope7ita7ione),C^HsO, is obtained by the dry distilla- 
tion of calcium adipate : 

CHa . CHo . COOv CHo - CHa. 

I >Ga = CaCOa 4- | ^CO ; 

CHa CHa-COQ/ 

by reduction and subsequent treatment with HI it gives pentamethylene^ whilst oxidising 
agents convert it into glutaric acid, these reactions proving its constitution. Ketohexa- 
methylene is obtained similarly by distilling Calcium Pimelate, C7Hio04Ca, and higher 
homologues by distilling' the correspondmg calcium salts of higher dibasic acids ; Calcium 
Suberate, CsHi204Ca, for example, yields Ketoheptamethylene (suberone). The yield 
diminishes with increase of the number of carbon atoms. 

CH : CHv 

CYCLOPENTADIENE, | /CHa, is a liquid boiling at 41°, and is found in 

CH : CH^ 

the first distillate of crude benzene and also in illuminating gas ; it combines with iodine 
and with hydrogen sulphide. The presence of two double linkings in the nucleus is deduced 
from the fixation of four atoms of halogen. The two hydrogen atoms of the CHa readily 
react, e,q. with acetone, giving intensely red hydrocarbons ' 

CH:CHv CHav CH : CHv .CHg 

>CH2 + >CO = HaO + I >0: C<( ; 

CH:CH/ CH3/ CH:CH/ ^CH3 

this compound is known as dimethylfulvene, fulvene being an isomerido of benzene of the 
CH : CHv 

structure | /C : CHa- 

CH : CH/ 

II. BENZENE DERIVATIVES OR AROMATIC COMPOUNDS 

It was observed by several chemists about the middle of last century 
that a whole series of compounds, mostly aromatic in nature, besides exhibiting 
certain common physical and chemical characters, showed on analysis pro- 
portions of hydrogen very low in comparison with those of carbon and also 
very low compared with those of hydrogen in saturated or unsaturated com- 
pounds of the methane series, CnHan+BJ CwHaw, CwH2n-25 <Scc. 

In general the hydrocarbons of these substances correspond with the fundamental 
formula, CnHan-e^ the various transformations of the aromatic substances often yield 
Benzene, CgHg, from which they can again be prepared. If the constitutional formula of 
benzene were an open-chaia one, it would be necessary to assume the presence of double 
or triple linkings between carbon and carbon which would lead to ready addition of bromine 
and to ready oxidation. But these reactions do not occur, and the great stability of the com- 
pounds of this group, and of benzene in particular, can be explained only by the existence 
of a stable nucleus of carbon atoms, probably joined in the form of a closed ring. 

It was found later that benzene forms only one monosubstituted product (nitrobenzene, 
bromobenzene, &c.), and that ah the hydrogen atoms of benzene exist under similar 
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conditions ; three isomeric disnbstitntecl products (e.^. dinitro- or dibromo -benzene) 

are, however, known. i i , n n /ntr n 

With the empirical formula CgHg correspond the three rational formulse : (a) 04(0^3)2, 
(i3) C3(CH2 )o, and (y) (CH)6. Formula (a) and (/3) would give only two isomeric disubsti- 
tuted products, whilst in the case of (y), if the six CH groups were joined in the form not 
of an open chain but of a closed ring, the six hydrogen atoms would be under the sarne 
conditions, and the formation of a single monosubstituted product and of three isomeric 
disubstituted products would be explained. 

It was Kekule who, in 1865, first advanced the ingenious hypothesis that the funda- 
mental compound of aromatic substances is benzene, the constitutional formula of which 
must be represented as a closed, hexagonal chain of carbon atoms united alternately by 
single and double linkings, the fourth valency of each carbon atom being united to a 
hydrogen atom. Such an arrangement is figured in the scheme 

H 

C 

hcI^4^Ich 

C 

H 

or, if the -six carbon atoms are represented by tetrahedra {see p. 18 ct seq,), in the diagram 
shown in Fig. 403. The carbon atoms combined with the substituents in the three disub- 
stituted derivatives would then be : {a) 1 and 2 {ortho- 
derivatives), {h) 1 and 3 (me^^»-derivativcs), and (c) 1 
and 4 (pam-derivatives) ; the 1 : 5- and 1 : 6^ com- 
pounds would be identical with the 1 : 3- and 1:2- 
compounds respectively. For the sake of shortness, 
the terms ortho-, meta-, and para- are contracted to 
0-, m- and p-, these being prefixed to the names of 
the compounds. 



The constitutional formula given for ben- 
zene by Kekule and also those of Claus (1867), 
Baeyer (1868), Korner (1869), and Ladenburg 
(1870) would seem to indicate the possible 
existence of 2 ortho -substituted derivatives, 
since the 1 and 2 carbon atoms are joined by 
a double linking and numbers 1 and 6 by a 
single linking. Hence Claus and Korner pro- 
posed the hexagonal formula with the fourth valencies of the carbon atoms 
joined diagonally (para -linking) (Fig. 404, A), while Ladenburg preferred the 
prismatic formula (Fig. 404, and B^), and Armstrong and Baeyer 

the centric formula, with the fourth valencies in a latent (or potential) state 
and directed towards the centre (Fig. 404, C) ; also Fig. 405. 


In order to obtain a better interpretation of the formation of the disubstituted iso- 
merides of benzene, Kekule (1872) developed his theory further on the assumption that 
the linkings between the carbon atoms are to be regarded as vibrations, so that carbon 
atoms 2 and 6 of the Kekule formula are in identical conditions. These oscillations would 
explain why benzene does not imite readily with halogens or ozone {see p. 88 ; also 
Ann, Soc, Chim., Milan, 1907, p. 116, and Berichte der deut chem, GeselL, 1908, p. 2782) or 
give Baeyer ’s permanganate reaction {see p. 88), thus behaving almost like a saturated 
compound. But even Kekul6’s oscillatory formula does not explain completely the optical 
and thermal behaviour of the aromatic compounds or the interesting results obtained by 
Baeyer on the hydrogenated derivatives of benzene subsequently to 1886. Indeed, when 
two or four hydrogen atoms are added to benzene so as to form dihydro- or totrahydro- 
benzene, the latter are found to be quite different from true aromatic compounds and to 
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resemble olefine compounds ; it must, then, be assumed that where the hydrogen has not 
been added, true double linkings are formed capable of combining with halogens or ozone 
and of giving Baeyer’s permanganate reaction. Baeyer’s centric formula would harmonise 
■with this behaviour, since each of the valencies directed towards the centre is kept in 
equilibrium with all the others, stability being thus conferred on the molecule ; if, then, 
two or four of the central valencies are used in the addition of hydrogen or other groups, 
the remaining central valencies become true, olefin ic, double linkings. 

There are, however, aromatic compounds, especially those with several condensed 
benzene nuclei, with which Baeyer’s centric formula alone cannot be assumed. In 1899 


A B3 c 



Big. 404. 


Thiele attempted to harmonise all the chemical and physical phenomena observed with 
benzene and its derivatives on the assumption that when two carbon atoms are united 
by a double linking the two affinities are not completely utilised, parts of the unsatisfied 
valencies ('partial valencies) remaining. These are regarded as bringing about addi- 
tion processes, and are represented by dotted lines, 
e.gr. C=C, C=C~C==C, &c. But when, as in the ^ 


latter formula, a conjugated system of double bonds is 
present, the addition of hydrogen, halogens, <fec., occurs 
only at the two extreme carbon atoms, the partial 
valencies of the two middle atoms forming a new mactive 
double bondi C ~ C — C = C ; after the addition at the 


extreme carbon atoms, the central inactive bond becomes 

. , . , , C-C-C-C 

active again, the constitution then bemg, • 

H H 



Big, 405. 


In Kckule’s benzene formula, we may assume the existence 


H 

HO CH 


of three conjugated double 


bonds with three inactive bonds, thus, || |) ; it would then be clear why ben- 

HC CH 


H 

zene, being without partial valencies, would not readily form additive products, and why, 
when even a single inactive double bond is broken down, true active olefinic double 
linkings would appear (see Theory of Double Linking, Note on p. 88). 

A plausible explanation of the constitution of benzene is also arrived at by means 
of the ideas of motochemistry, accord'ng to which double or single linkings are represented 
by double or single vibrations or blows per unit of time (E. Molinari, Gazzetia Chimica 
Itahana, 1893, vol. li, p. 47, and Journal fur praTctische Chemie, 1893, p. 113)* 

ISOMERISM IN BENZENE DERIVATIVES 

It has been seen already that when one of the hydrogen atoms of benzene 
is replaced by a halogen or an organic residue, the same monosubstituted 
compound is always obtained, no matter at what point of the molecule the 
substitution occurs. If two substituent groups, either similar or dijfferent, 
are introduced, three disubstituted derivatives are obtainable. H the benzene 
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molecule is represented simply by a -hexagon, each angle of which indicates 
a carbon atom united with a hydrogen atom, replacement of the latter by 
another atom or group (a;, y, z, &c.) may be shown by placing the symbol 
of the substituent at the angle of the hexagon. With disubstitutcd com- 
pounds, if one group is assumed to occupy the position 1, the other may go 
to either 2 or 6 (oriAo-position), 3 or 5 [meta), or 4 (paro). 



Benzene Mono&ubstitnted 
benzene 


0 rtho-componnds 
1 : 2- and 1 6- 
(identical) 


Sleta-dcr ivat 1 ves rara-dor i vat i ve 

1 . 3- and 1 : 5- 
(identical) 


With, the trisubstituted derivatives, three isomerides are possible when the 
three substituents are similar (1:2:3- or vicinal j identical with 1:6:5-; 
the symmetrical, 1:3: 5-, identical with 2:4:6-; and finally, the unsym- 
metrical, 1:2; 4-, identical with 1:5:4-): 




X 


X 



Yicmal 0*-) Symmetrical (s-) XJnsymmetncal («g-) 

When one of the three substituents is different from the remaining two, six 


isomerides are possible : 

X 

X 

X 

X 

/\, 

11 11 

iX- 

Xf 

/\ 

1 1 

iX 

1 '« ' 2 ! 

X/"' \/" 

k/' 

u 

1 L 

’x/' 

Vicinal 

V 

X 

■Unsymmetrieal 

y 

Symmetrical 


With four similar substituent groups, it will readily be seen that three 
isomerides are possible. 

The number of isomerides may be further increased in cases where one or 
more of the substituents form lateral chains capable of isomerism, c g. saturated 
hydrocarbon or unsaturated alcohol or acid groups ; in these compounds, 
further replacement of hydrogen may occur either in the benzene nuc.leu>s or 
in the side-chain, fresh cases of isomerism being thus possible. 

It was Korner (1869-1874) who first showed how it is possible to deter- 
mine experimentally the 'positions of the various substituent groups in the 
benzene nucleus ; examples will be given later. 

GENERAL CHARACTERS OF BENZENE DERIVATIVES 

While the saturated hydrocarbons of the aliphatic scries offer considerable 
resistance to oxidising agents and to concentrated sulphuric or nitric acid, 
those of the aromatic series readily give nitro -derivatives with nitric acid, 
and sulphonic derivatives, having an acid character, with sulphuric acid : 
GqKq + HNOg = HgO + CeHs-NOa (nitrobenzene); CgHe + HgSO^ = 
H 2 O + CgHg'SOgH {benzenesulphonic acid). In the latter, the sulphur is 
united directly to a carbon atom of the benzene nucleus, this being confirmed 
by the fact that benzenesulphonic acid is also obtained by the action of 
oxidising agents on thiophenol, CeH^-SH, in which the sulphur is known 
to be joined to carbon. 
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Oxidation of aromatic hydrocarbons containing side-chains leads to the 
replacement of the latter by ccifhoxyl groups, CO2H, the benzene nucleus 
remaining unchanged ; in this way the various aromatic acids are obtained : 

\ )>GH3 + 30 = H3O + ^ \cO3H ; 

Toluene BeiizDic acid 


CHa-CHg 

CO2H 

= 3H3O -1- / \ 

\ > 

CH3 

CO3H 

Ethyltoluonc 

Isophthalic acid 


+ C’Oa 


The halogen substitution derivatives, which are readily obtained by the 
direct action of the halogens, have less reactive properties than the halogen 
compounds of the aliphatic series and are more resistant to substitution. 

The hydroxyl-derivatives {e.g. phenol, CgHs-OH) are more decidedly acid 
in character than the alcohols of the fatty series, the phenyl group, CgHg, 
for example, being more negative than the ethjd group ; their resistance to 
oxidising agents is similar to that of the tertiary alcohols, to which they are 
analogous in constitution, the group>C- OH being present in both cases. 

The amino-derivatives, which are readily obtainable by reducing the nitro- 
derivatives (CeHg-NOa + 6H = 2H2O d- CeHs-NHa, aniline) vith inter- 
mediate formation of azo-compounds (q v.), are easily converted by the action 
of nitrous acid into diazo-compounds ; the latter are formed only seldom 
and with difficulty in the case of aliphatic compounds. 

In their last investigations Korner and Contardi (1908) show how, vith 
the substitution products of benzene, the formation of one isomeride rather 
than another sometimes depends on minimal differences in the physical 
conditions under which the reactions take place. Thus, in the nitration of 
aniline or of halogenated derivatives, a very slight difference in the concen- 
tration (even in the second decimal place of the specific gravity) is sufficient 
to alter the yield very considerably or even to give entirely different products. 


FORMATION OF BENZENE AND ITS DERIVATIVES 

When vapours of aliphatic compounds are passed through red-hot tubes, 
the products formed contain aromatic compounds. At a red heat acetylene 
gives benzene (the reverse reaction is also possible) : SCaH^ = CgHg. 

When allylene, C3H4, is distilled with dilute sulphuric acid, mesitylene, 
CgH3(CH3)3 (1:3: 5), is obtained, while under similar conditions crotonylene, 
C^Hg, forms hexamethylbenzene, C6(CH3)g. 

In presence of concentrated sulphuric acid, several aliphatic ketones 
undergo condensation to aromatic hydrocarbons ; thus, acetone forms 1:3:6- 
trimethylbenzene, SCgHgO = 3H3O -1- C6H3(CH3)3. 

Acetoacetaldehyde, CHg-CO-CHa-CHO, when liberated from its sodium 
derivative, is transformed immediately into triacetylbenzene, CeH3(C0CH3)3. 

Various aromatic compounds can also be obtained by the action of sodium 
on ethyl bromoacetoacetate or ethyl succinate, by heating ethyl sodiomalonate 
and by certain other syntheses. 

From the tar obtained by distilling coal, wood, or lignite, many aromatic 
compounds can be separated : 5 to 10 per cent, of naphthalene, 1 to 1-5 per 
cent, of benzene and toluene, besides quinoline, anthracene, &c. 

Benzoic and salicylic acids, bitter almond oil, &c., occur naturally in the 
vegetable -kingdom. 
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A. AROMATIC HYDROCARBONS 

Those with saturated side-chains are colourless, refractive liquids of 
characteristic odour, insoluble in water, but extremely soluble in ether or 
absolute alcohol ; they are lighter than water (0'830 to 0‘800). 

General Methods of Preparation. (1) Alkyl chlorides and aromatic hydro 
carbons in presence of aluminium chloride give mono- and poly-sub- 
stituted hydrocarbons, which can be separated by fractional distillation : 
CgHg -f CHgCl = HCl -f CsHs'CHg (Friedel and Craft’s synthesis); inter- 
mediate aluminium compounds are first formed. Ferric chloride, zinc chloride, 
or zinc turnings act in the same way as aluminium chloride. The latter salt 
also brings about the decomposition of the higher hydrocarbons into more 
simple ones. 

(2) In presence of sodium, monobromo-substitution derivatives of aromatic 
hydrocarbons and alkyl bromide or iodide give higher aromatic hydrocarbons 
(Fittig’s synthesis, analogous to that of Wurtz for the aliphatic series) ; 

CgHsBr ■+• CgHgl + Na^ = NaBr -b Nal -f CgHg- 

(3) Distillation of calcium salts with soda lime (analogous to the synthesis 
of aliphatic hydrocarbons) : 

(CeHsCOg)^ -f Ca(0H)2 = 2 CaC 03 -f 206H«. 

Calcium, 'benzoate 

(4) Aromatic sulphoiiic derivatives give the hydrocarbons when 
heated with sulphuric or hydrochloric acid, best in presence of steam : 
CgHg-SOaH + H^O = H 2 SO 4 + CgHe. On this reaction is based the method 
used for separating aromatic hydrocarbons from those of fihe aliphatic series, 
the former with concentrated sulphuric acid giving soluble and the latter 
(paraffins) insoluble sulphonic acids. 

(5) When an aromatic hydrocarbon is dissolved in an alcohol in presence 

of zinc chloride at about 300°, water separates and a higher hvdrocarbon is 
formed : CeHe + = H^O + CeH^* OgH,!. 

DISTILLATION OF TAR 

The cheapest and most abundant hydrocarbons used as raw material for the prepara- 
tion of large numbers of important aromatic compounds (from artificial perfumes to 
aniline dyes) are obtained by the distillation of tar. While at one time this product con- 
stituted an unpleasant and inconvenient residue of the illuminating gas industry (see 
pp. 36--38, 52, and 81 ), it is now so much in demand by large manufacturers of chemical 
products that it is sometimes very scarce, and attention has been turned to the utilisation 
of the tar produced in metallurgical coke factories, this having been formerly discarded, 

Westphalian coal gives, on an average, 2*5 per cent, of tar, that of Saahr as much as 
4 per cent., and that of Silesia even more than 4 per cent. 

The first attempt to utilise tar dates back to 1834 when, in a works at Manchester, it 
was distilled out of contact with air in primitive retorts, the liquid products being collected 
and the residual pitch employed for making black varnisb. Betholl subsequently patented 
a process for obtaining from tar creosote oil for the impregnation and preservation of 
wood, 

Still later the more volatile products of the distillation of tar were used both as an 
illuminant and as a cleaning liquid. Nitrobenzene was then prepared from it to replace 
essence of mirbane. 

But it became possible to develop an industry for the regular utilisation of tar only 
after the wonderful discovery by Perkiu (1856), who prepared synthetically the first arti- 
ficial coal-tar dye, thus laying the foundation of one of the most important industries 
for which the nineteenth century is famous, 
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Commonest Aromatic Hydrocarbons with a Single Benzene Nucleus 



Name 

Rational formula 

Position of 
substituents 

Melting- 

point 

Boiling- 

point 

Specific 

gra\uty 

C«Ho 

Benzene . 



4-5 4'’ 

+80 4® 

o-sr.(f) 

C^Hs 

Toluene or methyl- 
benzene 

CoHs-CHa 


liquid 

110 ® 

0 869 (16°) 

CsHxo 

o*Xylene= o-dimeth 5 »-l- 
beiizene 

CMCB,), 

1:2 

- 28® 

142® 

0 893 (0°) 


m-Xylene = m-dimethyl- 
benzene 


1:3 

- 53® 

139® 

0 881 ( 0 °) 


p -Xylene = p-dimethyl- 
benzene 


1*4 

- 1 - 13® 

138® 

0 880 ( 0 °) 


Ethylbenzene 

C.Hfi C 2 H 5 



liquid 

136® 

0 883 (0°) 


Heinimellithene = tri- 
inethylbenzene (y) 

CoH3(CH3)3 

1.2:3 

175° 

_ 


Pseudocumene ■= tri- 
methylbenzene (ns) 


1:2-4 


169-5® 

0 895 (0°) 


Mesitylene = trimethyl- 
benzene (s) 


1.3:5 


165® 

0 865 (14°) 


n-Propylbenzene 

C 3 H 5 03517 




159® 

0 867 (14°) 


Isopropylbenzene = 
cumene 



153® 

0 866 (16°) 


Piehnitene = tetra- 
methylbenzene 

GMCB.,), 

1:2. 3:4 

- 4° 

204® 



Isodurene = tetra- 
methylbenzene (as) 


1 . 2 : 3 : 5 

liquid 

195® 




Durene == tetramethyl- 
benzene (s) 


1 : 2 : 4 : 5 

-f 80® 

192° 

* 


m-Cymene — methyl- 
isopropylbenzene . 

CaH^-CHaCCaH,) 

1:3 

liquid 

175° 

0 862 ( 20 °) 


Cymene = methyliso- 
propylbenzene 

1:4 

99 

175° 

0 856 (20°) 


n-Butylbenzene . 

CaHs-CJI, 

— 

99 

180® 

0-864 (15°) 


sec. Butylbenzene 

— 

S9 

175® 

0 867 (15°) 


Isobutylbenzene 


— 

99 

171® 

0 371 (15°) 


tert Butylbenzene 




99 

167® 

0 871 (15°) 

CnHie 

Pentamethylbenzene . 

C6H(CH3)5 

1:2 3:4:5 

-f 51-5° 

231® 

0 847 (104® 


n-Amylbenzene . 

CcHa CsHu 

— 

liqmd 

202 ® 

0-860 ( 22 °) 


Isoamylbenzene 

OeCCHala 

— 


194® 

0-885 (18°) 

CiaHia 

Hexamcthylbenzene . 

1:2:3:4:5:6 

-}- 166° 

265® 

— 

C 13 R 20 

n-Heptylbenzene 

C„H5 C 7 H 15 

— 

liquid 

109° (10 mm.) 

0-852 (14°) 

CX 4 H 22 

n-Octylbenzcne . 

CgHs* C 8 H 17 

— 


263° 

^16^20 

Pentaethylbenzene 

C,-E(C,E,), 

1:2:3. 4:5 

liquid 

277° 

0-896 (20°) 

CibHso 

Hexaethylbenzene 

G,(C,-Ks), 

1.2.3:4:5:6 

- 1 - 129° 

298® 

0-830 (130°) 

OaaHas 

Cetylbenzene 

CoHfi.CiaHaa 

— 

-1- 27® 

230° (15 mm.) 

0 857 (27°) 

C 24 H 42 

Octadecylbenzene 

CoH, C,8H37 

— 

+ 36® 

249° (15 mm.) 

— 


Hexapropylbenzone . 

Ca(C3H7)8 

1 '2‘3:4:5:6 

+ 118° 

— 

0 845 (40°) 

C 2 EH 44 

Trnnethylcetylbenzene 

C6H2(CH3)3(CxcH33) 

1:3:5:2 

+ 40° 

208° (15 mm.) 


Numerous industries then arose for the more complete and more rational utilisation of 
tar — ^for employing to the best advantage the various products of its fractional distillation* 
Since that time a continuous series of mechanical improvements in the plant and chemical 
ones in the processes have been introduced. Improvements in the coke furnaces to admit 
of the collection of the whole of the products of distiUation and of the rational recovery of 
the heat have been dealt with in voL i (j^. 366). 

After separation from the ammoniacal liquors of gas manufacture (by centrifugation), 
tar forms a dense, almost viscous, blackish (since it contains 10 to 30 per cent, of suspended 
carbon particles) liquid of sp. gr. 1*1 to 1*3. It contains many varied acid, basic, and 
indifferent products ; the first can be extracted by agitating with aqueous alkali solution, 
the second with acids, while the neutral compounds, consisting principally of aromatic 
hydrocarbons, form the residue. The composition of tar varies, however, with the nature 
of the coal, the type of furnace, and the temperature of distiUation. 

It seems that tar contains at least 300 different substances, of which 150 have been 
established either directly or indirectly and 90 have been isolated with certainty and 
studied, although only four have wide application in the pure state ; benzene, phenol, 
toluene, and naphthalene. 

Only to a smaU extent is tar used as it is : for varnishes, coal briquettes, bitumenisod 
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paper, lampblack,^ treating roads to render them less dusty, &c. But for such purposes 
the residue from the distillation of tar can also he used. 

A little tar is used in preparing the basic lining of Bessemer converters fur tli(> manufac- 
ture of steel. 

Nowadays, however, tar is mostly subjected to distillation for the extraction of the 
following products : (1) Indifferent substances, in which benzene hydrocarbons prc‘dominato 
(benzene, toluene, xylene, tri- and tetra-methylbenzene, and, to a still greater extent, 
naphthalene, anthracene, i&c.), those of the methane series being small in amount (these 
occur abundantly in the distillation products of lignite-tar, see pp. 81 and 82). Small quan- 
tities of nitrogen compounds occur, such as acetonitrile, bcnzonitfile, carbazole and pyrrole 
derivatives, and also traces of carbon disulphide, thiophene, •' cuinaronc, cVc. ; (2) Acid 
substances, among which phenol (carbolic acid), cresol, xylenol, and the naplithols abound. 
(3) Basic substances, which are found in small amount and contain small proportions of 
pyridine and quinoline compounds and a trace of aniline. 

Wood-tar is of less value than coal-tar ; its most important constituents are those 
soluble in alkali, these consisting of methyl ethers of polyhydric phenols (pyrocatechol, 
pyrogallol and homologues, formmg creosote oil), which arc us<;jd for making guaiacol. 
Wood-tar is distilled in a vacuum, the gases which'do not condense being utilised for power 
or heating purposes, as they have a calorific value of 6000 to 9000 cals, per cubic metro. 

The distillation products of coal-tar are approximately as follows : benzene and its 
homologues, 1*5 to 2-5 per cent. ; phenol and its homologues, 0*5 to 2 ; pyridine and 
quinoline bases, 0-2 to 0-3 ; naphthalene, 4 to 6 ; heavy oils, 20 to 26 ; anthracene and 
phenanthrene, 0-5 to 2 ; pitch, 55 to 62 (38 being asphalte soluble in bcnz<‘no and 24 
carbon or insoluble) ; ammomacal liquor, 4 ; gas and loss, T25. 

Another source of aromatic products is the distillation and heating of lignite-tar and 

1 Lampblack prepaicd by the mcomplote combustion of tar, coloplioiiy, vesotablo oils, tliQ i)iicb or heavy 
oils fiom tai, (S'o. The Iiciuid or fused substance of the rcceiveis, a, is passed thiou}(h pipes to Uk' long pans, .1 
(Pig. 406), m which it is heated wdiile a caiefully legulatcd minimal aii-cuireni is passed over tlu' surface oi Ihi' 



liquid so as to bum the vapours incompletely and separate the greater part of the carbon in a free and finely 
divided state. This is carried away by the air into the first arched chambin, ii, where it is paifly d(‘posit('d, 
then into the second arched chamber, c, and finally into D (befoie the chimney i 0), in whicii the final traei'H of 
lampblack are deposited on a thm cloth in front of the mouth of the shaft, d'his operation is (‘ontinui'd for Iho 
days, the sixth day (Sunday) being occupied in cooling down and the seventh in restait.ing. A very lhu‘ lamp- 
black IS obtained by burning paraffin oil m a kind of lamp with a wide thin jet and allowing the fianu', to nnpjng(» 
on an iron cylinder inside which water circulates ; the cylinder thus cools the fiame and t-ho lampbhu'k depositi'd 
on it is removed from time to time by an automatic scraper With more or 1<‘hs inttMise cooling the lamphfiu^k 
has a lower or higher specific gravity. 100 kilos of tar yield 25 kilos of lampblack, while U)0 kilos of ivsm residiui 
give 20 kilos Lampblack contains, in addition to free carbon, tairy impurities and oily distillation prodnrtH. 
Attempts have been made, apparently without success, to prepare lamplilack by (exploding aeetyli'iu', witli a 
measured proportion of air m closed vessels. The Prank process seems to be inor(‘ advaut.agi‘ouH ; in \ his, ac<dyj(mu 
13 burned with a certain proportion of carbon monoxide or dioxide : CalJg -b CO lIjO -1- 30. 

Swedish lampblack costs 16«. to 20«. per quintal, that from resinous wood 4 Os. to 52s,, and that from lamps 
£8 to £20. It is used for making black varnishes, printers' ink, boot polish, Ac. Moot poUah is made by mixing 
xampblack with wax, molasses, turpentine, and sometimes also sulphuric acid or a little (diesf Jiui tannin extract 
to preserve the skin oi leather. Italy imported and exported the following (luaiitatiCB ((iLiintals) : 



1905 

1907 

3908 

1909 

J910 

{SS : : : 

1070 

1986 

1684 

1910 

24*10 

worth £4017 

50 

20 

56 

26 1 

97 

„ £186 

(SS : : : 

2335 

1786 

8600 

1960 

4140 

1420 

4240 1 

1540 1 

J 

0900 

2518 

„ £10980 

„ £4028 
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DISTILLATION OF TAR 

petroleum residues {see Cracking Process, &c., p. 74). By dropping the tar into very hot 
retorts and evacuating tlie latter, oils for various industrial purposes and also gas are 
obtained. 

file distillation is canied out in large wrought-iron vessels ^ bolding several hundred 
quini.als of tar. llie old typo of boiler is shown in Fig. 407, but preference is now given 
to horizontal stills, winch arc sometimes multitubular, like locomotive boilers, in order 

to obtain more homogeneous and more rapid heat- 
ing. It will be seen in the figure that direct-fire 
heat is used (at b) ; the mass is mixed at intervals 
by means of a stirrer or of a steam-jet introduced at 
a? and subdivided on the arched base of the still by 
a number of pipes, z. The tar enters at r, and at the 
end of the operation the pitch is discharged through 
a much wider orifice than that marked a. A ther- 
l^^l^^^ometor or pyrometer is inserted at v, while t serves 
exit for the vapours, which arc condensed in a coil 
"/rt^Apunded by cold water in the case of the first pro- 
d^tel|g;nd by hot water in that of the last products ; 
thQ«4c^^® collected in order of density in a number of 


Fio. 407. 




M roofs^ 

^^in c%(^e of«^^firo’*^or explosion may be minimised, the 
-«*^prtnc^^redi^ being taken of placing the fire 
^rths outside the open. When the products 
formed at 270® are distilled over, the is increased and the pitch rendered more liquid, 
and so prevented from charring, by intr(^^Mng a currents! Superheated steam, this remov- 
ing various substances (anthracene oil) would otherwise remain in the pitch. The 

latter is then discharged, while hot, into ol^misused steam boilers so as to avoid contact 
with the air, which might ignite the mass ; when 
almost cold but still fluid, it is run into shallow 
vessels or pits dug in the earth and allowed to 
solidify. With a still holding 300 to 400 quintals, 
each distillation (including charging and discharg- 
ing) lasts about 4 days. Distillation in a vacuum 
saves time (less than 30 hours being required for 
200 quintals) and lessens repairs. 

In order to avoid decomposition of the pro- 
ducts distilling at high temperatures and to 
make the distillation continuous and thus increase 
the output and economise fuel, Wernecke (Ger. 

Pat. 201,372, 1907) has proposed the use of a 
conical, stopped still. A, fitted with a number of 
superposed peripheral channels, inside (Fig. 

408), The cover, B, is fitted with a vapour 
outlet, b, and a pipo, a, for the continuous intro- 
duction of the tar (which first passes through 
a heater, where the water and light oils are 
distilled). The latter enters the uppermost 
channel, F, and overflows into the lower 
channels, gradually diminishing m volume owing to the distillation of various products ; the 
more or less liquid pitch is discharged at d. The vapours of the medium oils pass through the 
upper orifice, 6, to refrigerators, but those of the heavy oils from the lower channels are 
collected by the perforated pipe, DF, which is provided with a cap, G, and is surrqunded 
by metal gauze, and carries them through c to refrigerators. The still is heated by the 

1 llio rapid wear of tlio iron vessels and coils is duo especially to llCi, Nllg, ir^S, HON, &c., formed by the 
dlssocMion at liigh temperatures of cbloridcs (e.g. ammonium cliloride, dissociating at 360'‘), sulphides, cyanides 
and perhaps also by certain electrolytic processes. The base of the still is often 18 to 20 mm. in thicknobs. 
Cast-iron cods last better than those of wrought-iron, and are composed of buperposoO straight tubes connected 
at aiternato ends by semicircular pipes of cast-iron. 

II 
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gases from the hearth, r, which circulate in the flues, e. The distillation is only interrupted 
once in 4 to 8 weeks to allow of the removal of the coke deposited on the inner surface of 
the still. Although the total capacity of the channels is only 600 kilos of tar, tlie daily 
output is equal to that of a still of the old type holding 2500 to 3000 kilos. Such a still 
also serves well for the distillation of IvhricaHng oils from petroleum residues. 

In order to prevent the tar from frothing, it is necessary first to free it from water as 
completely as possible. This is done by maintaining the mass in open vessds for some 
hours at 40° to 50° or by adding quicklime or gypsum as a dehydrating agent. 

The products which distil below 110° at ordmary pressure (sp. gr. O-OOO to 0*920*) arc 
somewhat similar to the amnioniacal liquor of gasworks, and consist of a more or less 
coloured liquid on which floats an oil containing a little benzene and toluene. 

The second portion which is collected is that distilling between 110° and 210°, this 
forming the so-called light tar-oils (sp. gr. 0-935 to 0-995). 

From 210° to 240° the phenols or medium oils or creosote oils are collected. The next 
fraction consists of heavij oils (up to 270° ; sp. gr. 1 to 1-040), and the final one, the anthra- 
cene oil, passes over up to 270° (sp. gr. 1-050 to 1-095) and forms a buttery mass composed 
of oils and crystalline substances. 

According to whether the pitch (residue) is required to be more or less liquid or solid, 
the distillation is suspended after the third or fourth fraction has been collected ; to render 
the pitch shiny, it is mixed in the still with the heavy oil remaining after the crystallisation 
of the anthracene. This oil is also used with other lubricants for making oil -gas (see p. 57), 
lampblack, &c. 

Anthracene was very dear until a few years ago and to obtain the maximum yield the 
heating was continued under reduced pressure after the distillation in superheated steam. 

Tar from metallurgieal coke manufacture gives distillation products differing in their 
proportions from those of coal-tar, and even with the latter the tar from the hydraulic 
mam (p. 43) is richer in pitch and poorer in light oils than the tar from the condensers 
and separators. The tar from coke factories contains more light oils and less water than 
that from gasworks, and distils more regularly and more rapidly.^ 

STATISTICS AND PRICES. The price of tar varies considerably with the locality, 
quality, season, demand, &;c., the limits being about I 5 . 7d. and 35. 2d. per quintal. In 
Germany the price reached the maximum of 45. 6d, per quintal in 1885 and fell to I 5 , Sd. 
in 1898 ; it now varies from 25. 4:d. to 2$. 6d. In 1900 the world's 'production of the various 
distillation products of tar was as follows : 50,000 tons of naphthalene, 24,000 of bonzono, 
and 6000 of toluene. One-half of this output comes from coke factories and about ono- 
third from Germany. In 1904 Germany produced 277,000 tons of tar in metallurgical coke 
factories (in 1908 about 632,400 tons) and 225,000 tons m lighting gasworks (in 1908 about 

^ Tlie separation of water is necessary in order that the distillation may be regular ; if water is pnssont, dis- 
tillation IS very slow and is accompanied by bumping and frothing. When a sufficient separation cannot bo 
obtained by decantation from the tepid tar after standing, special methods aie used. According to (Jcr. l>at. 
161,528 the tar in the still is heated fiist at the surface and subsequently in lower and lower layers to the bottom. 
Oppenheimer and Kant remove the water by means of gypsum or comeut (Eng. l>at. 12,096, 1903). 

By centrifuging the tar in a non-perforated drum (as for starch, see p, 498), the pioportiou of water can bn 
reduced to 1 to 2 per cent. In large distilleries the water is now eliminated by passing the iar from ok^vated 
tanks to the cooling coils in which the vapours of the tar are condensed ; the tar h<*ated in this way to 50“ to 
60“ enters a small rectifying column fitted to a large retort (160 to 200 hcciols.) almost full of iar ahrady iK'aied 
to 200® and freed from water. An ovoiflow pipe to the retort delivers tar almost without water, while from the 
top of the column issue steam and a considerable proportion of the light oils, whi<*h are condensed in <!oollng coils. 

The estimation of water in tar is not easy, since when the tar is heated in a dish it readily froths and ovcrllows. 
H. Beck and Bispler (1909 and 1904) allow 200 grms. of the tar to fall drop by tlrop from a separating funiud on 
to about 500 grms. of water-free heavy tar-oil contained in a flask of about 2 litres ; each chop of tar, as i1/ falls, 
is instantly evaporated, and the water distilling over is condensed in the refrigerator coniu*ct<*d with the flask 
and collected, together with a little tar-oil, in a graduated cylinder ; the temperatur(‘, is finally raised to 300®. 
The cylinder is kept at a moderate temperature, so that the water separates from the oil; it,s volume is then 
read. If much naphthalene also distils over, it is difficult to road the volume of the water ; in this cas(‘, the whole 
of the distillate is poured on to a small filter-paper steeped in benzene, so that only the tar-oil flltiTs. I’ho filter- 
paper is subsequently pierced and the water allowed to pass into a graduated cylinder. E, Ott, on the other 
hand, heats 400 gims. of tar in a copper retort, the heating being carried out from the top by means of an annular 
gas-pipe with orifices in its lower side. 

® In a large German coke-tar distillery, where retorts holding 350 quintals wore used, the moan yickls of 
several years were as follows : Ammoniacal liquor, 4 27 per cent. ; light oils, 4-06 ; medium oils, 10-38 ; heavy 
oils, 6 11 ; anthracene oil, 13 71 ; pitch, 60 49 ; loss, 0 93. The tar distilled contained on an averagii 24 per cent, 
of matter (carbon) insoluble in benzene, and the mean cost of distilling 1000 kilos of tar was as follows ; Eahour, 
coal (at l5 7d:. per quintal), 14 4rf;; steam, 4-8if. ; various materials, l-4if. ; repairs, 3-8fl ; depreciation 
ll-5(f. ; total, 43-6d In a largo distillery fitted with retorts holding 180 quintals ami working at roiluced pri^Bsuro 
a larger annual output was attained, while the mean cost per ton distilled was 36'5<f. : the yields were as follow : 
Ammoniacal liquor, 3-86 per cent.; light oils, 124; medium oils, 12-02; heavy oils, 8-60; anthmoone oil, 
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300, ()()() ioii«) ; in 1908 40,000 tons of tar were imported from England (in 1909 only 
18,000 tons •were imported, while 35,000 tons were exported). In 1909 9659 tons of lignite- 
tar were also imported and 3078 tons exported, the total production (in 30 lignite distil- 
leries) being 59,174 tons, which were worked up in 12 tar distilleries. In 1908 75 -vS^orks 
in Germany distilled altogether about 812,000 tons of tar (three -fourths from cokeworks 
and the remainder from gasworks) of the value oi £944,000, This gave products worth 
about £1,800,000, namely : 485,000 tons of pitch (£650,000) ; 36,000 tons of naphthalene 
(£131,000) ; 13,230 tons of crude and refined benzene (£110,000) ; 248,000 tons of heavy 
tar-oils, including ])heiiol, creosote, and naphthalene oils (£500,000) ; 2600 tons of crude 

L8 (58 ; pitch, 51 50 , lu.ss, 1 14, When tar Ircc fiom water is dibtilled, the conbumption of coal is diniiiufalied 
fiom 7 5 to 5 pel cent. 

The various frueti/ms ohtained in the first distillation of tar are treated as follow . 

3. The Ligfht Oils from gas-tar (U) aic r.cher in benzene and toluene than thobc fiom coke tar (B), as is shown 
by tiio following mean yidds obtained on fiactional distillation of these oils : 



A 


B 

Ciudo bi'iizene I (distilled up to 135®) 

. 36*12 % 


12*66 % 

„ „ 11 (distilled at 135® to 165®) 

, 15 59 % 


16 42 % 

Phenol oils (165® to 195®) 

. 18 01 % 


18 47 % 

Residue (medium oils) .... 

. 26 51 % 


49 36 % 

Watei and loss ..... 

3*67 % 


3 09 % 


ITio cost of distilling 100 kilos of light oils is as follows . 7 7d. for labour, iOf/. foi fuel, for stoani, 4‘8«i. 
for n'paiiH, and l.v for (i(‘preci{ition 

The light oils are distilled and iectifl(‘(l in a coluuui appaiatiis with stills holding KJO to 150 quintals and 
heated by duect flie or by supi'iheati'd indiieet steam , the first tlirce fractions (up to 195°) an^ collected separately. 
'I’he erudi' biuizenes I and II can bo puinlh'd tioni the small amount of plnuiols they contain by washing with 
(auistie soda solution ; the, rcunaunng benzene is then lectified again in older to lemovc the toluene, of which 
it may contain as much as 25 per ccnit {see later, Beiiz'uie) The phenol oils (distilled between 165“ and 195®) 
contain appreeiahio quantities of naiihthalene, and aie thciefore woiked up with the medium oils. 

II. Tho Medium Oils (oi Creosote Oils) obtained by the. diicct disiiJlation of gas-tar contain about 50 pfer 
«('nt. of naphthalene and as much as 25 jier cent, of acid oils (iihcnols), which hold the other impurities in solution 
and allow of a more ready si'paration of a puiei, crystalline naplithalonc when tho onde creosote oil is left to stand 
foi some days m the cold; tlie. oil is then drained away iindiuneath and tho lesidual naphthalene centiifuged. 
'riu‘ medium iar-oils from inetalhngieul coke-tar contain about 43 per cent, oi naphthalene and only 13 percent, 
of acid oils, so that many nnpmities aio depositeil with the naplithalenc ; instead of allowing tho naphthalene 
to crystallise, it is therefore preieiablo to subject th(‘ oildiiectly to fiactional distillation, pure naphthalene being 
moio readily obtaimiblo fiom th(‘ pioducts • 



Medium tar-oils 


Gas 

Metallurgical cake 

Crude benzene II (to U^f)®) 

4*15 % 

1*78 % 

Phenol oils (165® to 195”) 

2P77 % 

19*91 % 

Naphthalene oil (195” to 220”) 

43 45 % 

28*68 % 

Xleslduo , . .... 

26 01 % 

48*18 % 

"Water and loss 

8*72 % 

1 1 45 % 


TTie residue is added ilireetly to the lieavy tar-ods, which aie tu'ated separately (see below). Tho naphthalene 
oil and tho phmioi oil are cooled so as to separate the naplithalmic In largo scales, which can bci iiurificd by hydraulic 
pressure, d'he residual oil which drams off contains the gr(‘at(‘r part of the phenols, which are extiacted by 
means of eausiie soda (to this may be added tlie alkalim' solution of the phenols si'parated from the crude benzene), 
this being (lecant(*d olf, treated whh dilute sulphuric acid to hberati' the crude euiboUc and as a dense black liquid. 
Aftm' r(‘p(‘at('d purification (liy dissolving in soda and precipitating with acid) or distiilation between 175® and 
185®, purifiiHl carbolic aidd is obtained Tins is eiystalhsed by intense cooling, the white crystals obtained being 
frecHl from tlie last Inpiid Impuritii's by centrifugation (for th<‘ complete purification of phenol, see p. 541) 

If tlie phenols are not extracted from tlie cieosote oils, the latter can bo used for th<' impregi at on and pic- 
Servation of timbc'r {see luter). 

Tho cost of working the mi'duim oils is about tho same as for light oils {see above), 

BT’om th(i ri'sidiK's fiom th (5 carliollc aeid, i.e. the portions nisolubh^ lu caustic soda, a little naphthalene can 
bo recovered by distilling thi'in with other medium oils, care bmug takmi to wuim th(‘- condensing coils so as to 
prevoni them from beeoming bIoek('d. The iiunllcation of Tiai)hthal(‘u<‘ is d<'sciib(‘d later England expoited 
34,558,053 gallons (£464,828) of creosote oil m 1010 and 29,729,000 gallons (£397,431) in 1911, while the United 
States imported 42, 608, {)()() gallons in LOU) and 40,311,000 gallons (£464,600) iii 1911. 

III. 'rho Heavy Oil fiom gas-tar contains about 28 p(*r cent of naplithahme and 16 jnsr cent of acid (phenol) 
oils, while that from coke factories eontams about 32 per cent, of naphthalene and 10 per cent, of acid oils. 

lleavu fnr-oU, whim not redistilled m a vacuum to recover the anthracene, is used as an lllummant, or for 
the manufacture of ligliting gas, or as fuel, or for impregnating wood. To obtain illuminating gas the oil is rim 
in a thin stieam into h(‘ated iron K'Uirts (as in the maiOiing of petroleum, see p. 74), carbon and an oil stijl con- 
taining a considerable proportion of benzene! being formed in addition to the lighting gas*. 

Whmi thesi* oils mv. usml directly for lusting purposes, they are pulverised limler the furnaces by means of 
a steam-jet which iutroduei's the necessary quantity of air. 

At tho Eeutz gas-engine works (near Cologne), heavy tar-oil has been applied in Diesel eiigmes. These heat f 
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and pure napKtlialene oils (£38,825) ; 4020 tons of crude and purified anthracene (£32,000) ; 
385 tons of pyridine bases (£12,680) ; 1000 tons of crystallised phenol (£68,000) ; 2080 
tons of cresols, i.e, 90 to 95 per cent, carbolic acid (£19,440) ; 4700 tons of xylol, i.e. 
solvent naphtha and heavy benzene (£39,600). In addition, about £40,000 worth of 
ammoniacal compounds (1174 tons of ammonium sulphate, 1050 tons of ammonia, &c.) 
were extracted. 

In England 175,000 tons of tar were treated in 1870, about 400,000 tons in 1880, nioro 
than 640,000 tons in 1886, and at the present time considerably over 750,000 tons per 
annum. Tbe following quantities of creosote cnl, extracted from tar, wore consumed in 
England : 346,500 heotols. in 1903, 389,250 in 1904, 609,750 in 1905, and 2,520,000 in 1909, 
a large proportion of this being used as carbohneiim or heavy tar-oil for the iiniirognation 
and preservation of timber and railway sleepers,'’ and for the disinfection of lavatories. 

Erance produces no'w about 100,000 tons of tar per annum, Belgium about' 80,000 tons, 
and Holland about 35,000 tons. The United States produced 280,000 tons in 1904. 

Oils cost m bulk about 4s. per quintal and have a calorific value of about 8800 to 8900 Cals. ; in, e g. a CO li.p. 
engine, 1 h.p hour would cost about l-25tf. 

IV. The part of the tar distilling above 270® (Anthracene Oil) contains the greater part of the solid anthra- 
cene, which, after prolonged standing, is freed from the liquid impurities by hydiaiilic presses or filter-presses. 
To effect more complete removal of the liquid and also of the phenanthrene accompanying Ihe anthraceiK* crystals, 
the latter are washed with benzine. The residue represents 50 per cent, anthracene, the remainder being parafilns 
and small quantities of chrysene, pyrene, fluorene, retcnc, &c. The further purification of the anthiacenc is 
described later The anthracene oil which does not crystallise cither serves for making regenemted tur b> mixing 
with pitch, or IS used as it is, under the name ca'tbolinewm ijsee later), foi preserving wood. 

V. As already indicated, the Pitch remaining m the retorts is removed caiefully so as to avoid ignition. Aft(‘r 
cooling it becomes hard, since nowadays the anthracene is removed as completely as possible ; if a softer pitch 
is required, it is mixed with a suitable proportion of waste heavy oils Pitches from dificront tars (wood, lignite, 
coal, &c ) contain different amounts of phenols Pitch is used m place of natural asphalto and is improved by 
melting it with sulphur. Mixed with sand, it is used as asphalte foi paving roads, for making biiumenised pap(‘r, 
asphalte pipes (with paper and sand), hriqxiettes from coal-dust, and black varnish for sheet-iron and timber (acc 
also Bitumen, &c., pp. 83 and 84). 

^ True carboUneum Avenanus, patented and improved (Ger Pat. 46,021 of 1888), docs not appear to contain 
creosote oil, naphthalene, anthracene, or phenols. To rendei it more dense (sp, gr. 1*2), less inflammable, and 
of a less unpleasant odour, it is gently heated and treated with a current of chlorine ; it contains also a lit lie zn c 
chloride According to the quality the price vanes Jrom 12s. to 36s. per quintal 

Preservation of Wood. Timber, railway sleepers, telegraph poles, dre., especially when in contact with 
the ground, are injured and become unusable in a few years owing to the attacks of various moulds and micio- 
organisms {Mendius laerxmans, Polypoms mporanus, &c ). Even when hard wood is used it gradually becomes 
considerably attacked. Telegraph polos and lailway sleepers have been successfully treated by sm(‘aring with 
pitch or bitumen the parts which come into contact with the earth, and superficial charring of the wood at th(‘ 
points most subject to attack has also been tried. Ponnerly much use was made of the method of mineralising 
wood. Concentrated and more or less hot solutions of vaiious salts (ferrous or copper sulphate, zine ehloridis t^'C.) 
are forced into the pores of the wood under pressure ; or the wood is heated in a large autoclave, which is tlu'ii 
evacuated to remove all the air and water fiom the pores and subsequently filled wiih the salt solution, which 
thus impregnates the wood completely. But the process which gives the he.st results and has become whh'ly 
used in recent years is that of Bethell, which consists m the complete impregnation of the timber with heavy 
tar-oils (crude creosote oil) ; these contain phenols, crcsols, &c , which have a marked chsinfeeiing action. In 
Italy this process has been applied for some years, and is earned out, not in autoclaves, but in open vessels, sueh 
as are used in America, the treatment being completed in zinc solutions according to the improvi'ments of the 
Giussani patents. The beams are first immersed for 5 to 6 hours m a bath of fused masut (see p. 74) kept at 160® 
to 170®, by which means the wood is deprived of its air and water and sterilised ; they are then iiassi'd into a 
cold vessel containing medium tar-oil (the portion distilling at 210° to 240° and having an acidity of 25 per cent, 
due to various phenols) where, after 20 to 30 minutes cooling, the oil pen et rales the pores to a depth of 1 (un. 
or more. The wood is finally left for 3 to 4 hours m a cold, concentrated solution of zinc chloride, which forces 
the oil further in and forms a thin superposed layer in the pores (the wood absorbs as mucli as 15 per cent., of 
the zinc chloride solution). Thus treated, wood resists the action of weather, water, and soil for 15 to 20 yeais, 
soft wood being as resistant as hard. 

The German railways require that every sleeper, 2-7 x 0-26 x 0-16 metres, shall contain 7 kilos of cri'osote 
oil. In order to economise tar-oil, Bupmg's piocoss is often used. This consists in creating an aii pi('ssur(‘ of 
6 atmos. m the autoclave containing the wood and then introducing tho creosote oil at 10 atmos. pr<'HHur<* 
When the pressure m the autoclave subsequently falls off, the excess of oil is forci'd out by the air eomprc'ssed 
in the pores, the latter remaining coated inside wiih a thin layer of oil. In this way 2 kilos of cn'osotii oil give 
the same sterilising effect. Seidcnschnur (1909) holds that the phenolic (acid) comiioncnts of the creosote oil 
are unnecessary, since the phenols aie not antipcptic in solutions of oil ; he prefers thii use of aqueous emulHloiis 
containing 2 per cent, of anthracene oils (which are devoid of phenols), every sleepiT eontainnig aft(*r impreg- 
nation 0 8 kilos of anthracene oil, which preserves the wood, as well as 7 kilos of creosote oil. Good results bnv(‘ 
also been obtained with heavy petroleum oils heated to 200® with 2 per cent, of sulphur and then mix(‘d with 
40 per cent, of creosote oil. 

According to Eriedmann and Heidenstam, wood is preserved well by impregnating it with cahdum cn^solate 
(soluble in water) and then precipitating calcium carbonate and crcsol in the pores by simple exposure of the 
wood to air or, bettor, to fumes rich in carbon dioxide (Banish Pat. 12,419 of 1909). 

Eor the Disinfection and Deodonsation of Urinals, continuous rinsing with water may be replaced with 
advantage by brushing on a thin layer of a mixture of tar-oils of various compositions (heavy tar-oils mixed 
with l^avy mineral oil, &c.). This mixture should answer the following requirement a : ap. gr. 04)90 at most/ ; 
b.pt. 165® at least ; it should remain liquid at 0® and should not separate into different layers on standing ; it 
should not contain soap, alcohols, or free mineral acids ; at least 75 per cent, should distil ah 350® : it should 
contain at least 7 per cent, of cresol. . t ^ 
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BENZENE 

^ ^Italy’s imports and exports of tar are as follow : 



1900 

1907 

lOOS 

1909 

1910 

Vegetable J Imports, quintals 

9600 

16,600 

16,110 

15,045 

21,825 (£21,826) 

tar (^Exports „ 

367 

722 

1,051 

1,857 

1,061 (£1,061) 


Perkin calculated the value of the final products of the complete and rational treatment 
of 9,000,000 tons of coal (costing £5,400,000) to be as follows : dyes, £3,350,000 ; ammo- 
nium sulphate (195,000 tons), £1,960,000 ; pitch (325,000 tons), £305,000 ; creosote oil 
(1,125,000 hcctols.), £208,000 ,* crude carbolic acid (45,000 hectols.), £220,000 ; coke, 
£2,400,000. Total, £8,503,000, exclusive of the 30 cu. metres of gas per ton of coal car- 
bonised. 

BENZENE (or Benzol), CgHg. This was discovered by Faraday in 1825 
in the liquid obtained on compressing illuminating gas, but the more abundant 
source, tar, was found by Hofmann in 1845. 

It is obtained pure by the dry distillation of benzoic acid with lime, and 
then forms a colourless, mobile, highly refractive liquid of sp. gr. 0-8841 at 
15®, b.pt. 80*4®, and m.pt. + 5*4® ; it burns with a luminous, smoky flame. 
The commercial product contains thiophene and traces of carbon disulphide, 
which can be eliminated in various ways, e.g. with moist ammonia (Schwalbe, 
Ger. Pat. 133,761) which separates insoluble oil drops, or with boiling mercuric 
acetate or sulphur chloride ; according to Ger. Pat. 211,239, formaldehyde, 
acetaldehyde, or phthalic anhydride may also be used, all these substances 
combining with thiophene. Benzene dissolves resins, fats, sulphur, rubber, 
gutta-percha, camphor, &c., it mixes with alcohol, ether, acetone, &c., and is 
almost completely insoluble in water. 

The preparation of artificial benzene^ starting with petroleum, was described 
on p. 75. Benzene forms the prime material for many varied syntheses of 
aromatic compounds, such as nitrobenzene, aniline, &c., and of dyes (also 
nowadays of artificial indigo). It is used as a solvent for fats and for purifying 
many organic compounds ; the addition of 15 per cent, of benzene to the 
alcohol used with an Auer mantle for lighting purposes results in a saving 
of 27 per cent, of the alcohol. Large quantities of 90 per cent, benzene are 
now used for carburctting illuminating gas to which water-gas has been added 
{see p. 52). It is also employed for dissolving rubber and lacs for making 
linoleum, for removing fat from bones, and for automobile engines.^ 

At one time it was obtained exclusively from gas-tar, this yielding also lai-ger quan- 
tities of toluene, the uses of which were limited. After 1880, when the tendency was to 
obtain increased yields of illuminating gas by raising the temperature of carbonisation of 
the coal, the quantity of tar diminished, as also, in still greater propoition, did the amount 
of benzene. In 1882, the price of benzene, then in groat demand by dye manufacturers, 
exceeded £12 per quintal. It was then that attention was turned to the recovery of the 
tar from metallurgical coke factories, but although this tar is obtainable in largo amounts, 
it is very poor in benzene, most of which escapes with the gases and is wasted in the com- 
bustion furnaces. Darby was the first to suggest the recovery of the benzene from the 
gases of the coke furnaces ; and nowadays these gases, before being burnt, are either 
strongly cooled to condense the benzene or washed with slightly volatile tar-oils, in which 
the benzene dissolves and from which it is recovered by subsequent heating. As a result 

^ Wlien sufficiontly cheap, it may replace petroleum benzine in engines. But it requires more oxygen (air) 
for its conabustion, and, in order to prevent it from freezing m winter, should contain a little toluene. 

» The manufacture of crude benzene from tar was described on p. 529. The rectification of the hydro- 
carbons contained in the first distillate fiom the tar (light oils) is regulated so as to give three fractions { 
(1) commercial 90 per cent, benzene I of sp. gr 0 885 at 15® (90 per cent, of this distils at 100® and 100 per cent, 
at 120®; it contains about 20 per cent, of toluene; 120® is termed the dry-point of the benzene); (2) 60 per cent, 
benzene IX with sp. gr. 0*880 (50 per cent, of this distils at 100° and 90 per cent, at 120°) ; (8) heavy benzene or 
solvent naphtha with sp. gr 0*875 (20 per cent, of this distils at 130® and 90 per cent, at 160° ; it serves as a good 
solvent for rubber.) 

An apparatus suitable for the rectification of crude benzene is that of Hiizel described and illustrated on 
p. 76, or the similar one of Heckmann shown on p. 140, but having a still with a smaller base m the form of a 
short horizontal cylinder. Brom the 90 per cent, benzene, pure benzene can be obtained by further rectification 
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of tHs process, the production of benzene became more tlian icji i.un(\s tba,t of tohiene, 
the price, -which was £2 to £3 per quintal in the period 1885-1896, falling to 20tS'. to 24s’. 
in 1898-1910. Pure thiophene-free benzene costs about Is, M. per kilo; the puriss. 
product, obtained from benzoic acid, is sold at 325. per kilo. 

The German association for the sale of products of distillation of coal (ammonia, &c.) 
sold about 15,000 tons of benzene in 1903 and nearly 16,200 tons (90 per cent.) in 1904. 
In 1870 Germany produced 1200 tons of benzene, in 1890 4500 tons, in 1896 7000 Urns, 
in 1901 28,000 tons, and in 1904 37,000 tons, of which 80 per cent, was used m dyeworks 
and about 10 per cent, in the manufacture of illuminating gas. England (‘x])ort(‘d 2,672,770 
gallons of benzene and toluene in 1910 and 4,068,740 gallons (£139,193) in 1 91 1. 

Italy imported the following quantities of benzene (including small {imounts of toliu^jic 
and xylene) : 37 tons in 1906, 430 in 1907, 463 in 1908, 636 in 1909, 600 tons (£10,800) 
in 1910. 

TOLUENE (or Methylben 2 :ene),C 6 H 5 \CH 3 Us formed by the dry distillation of balsam 
of Tolu and of various resins, and is obtained in appreciable quantities by the distillation 
of tar {see above). It boils at 110°, does not solidify even at — ■ 28°, and has tlu^ sp. gr. 
0*87 at 15°. It occurs to the extent of 10 to 15 per cent, in crude benzene I and of 25 jx^r 
cent, or more in crude benzene II. 

Crude toluene is purified from the hydrocarbons of the fatty series whicli always accom- 
pany it (and are not eliminated by rectification) by washing it with hot sulphuric acid 
containing a little nitric acid, the olefines being thus polymerised and the thiophem^ decom- 
posed. It may also be purified by heating with sodium. 

Commercial pure toluene gives 99 per cent, of distillate below 112° and 95 per cent, 
between 108° and 110° (two di’ops per second). It docs not colour on protract(>d shaking 
with concentrated sulphuric acid, and if 90 c.c. of toluene and 10 c.c. of nitric aidd 
(44° Be.) are shaken together for some minutes in a tall glass-stoppered cylinder, tlu^ 
nitric acid should become only a transparent red and not a greenish black and should 
not thicken. 

Toluene is used in the manufacture of dyes, pharmaceutical prodiuds, perfumes, &c., 
and, during recent years, of trinitrotoluene {see later), which is used in large quantities as 
an explosive. 

The pure toluene of commerce costs in Germany about 365. per quintal for large quan- 
tities. 

XYLENES (Dimethylbenzenes), C 6 H 4 (CH 3 ) 2 . Xylene obtained from tar contains the 
three isomerides, o-, m-, and f-, metaxylene being present to the extent of 70 to 80 p(^r 
cent. They cannot be separated by fractional distillation owing to the small ditT(‘U'nc('S 
between their boiling-points {o- 142° ; m- 139° ; p- 138°). 

Treatment with concentrated sulphuric acid in the cold, however, converts the o- and 
m-compounds into the corresponding sulphonic acids, the ^^-xylene remaining unchanged. 
The sodium salt of o-toluenesulphonic acid crystallises more readily than tliatf of t-ho 
m-compound, so that the tlirce hydrocarbons can be separated. With oxidising agents, 
the xylenes give phtlialic acids [see later). 

It is mostly m-xylene which is used in the manufacture of dyevs, and th(' (‘omnu'rcual 
product costs about £7 Bs. per quintal ; chemically pure m-xylene is sold at- 145 . per kilo 
(chemically pure o-xylenc costs 725. per kilo and the p-compound 405.). 

ETHYLBENZENE, CgHs-CgHs, is obtained by Eittig’s synthesis {see p. 526) and 
gives benzoic acid on oxidation (difference from the xylenes). 


and freezing, tlie mass of benzene crystals being pressed and centrifuged to remove ilic liiniiil toliumc and biglicr 
iiomologues. 

Commercial benzene obtained from coke-furnace gases contains 85 per cent, of benzene, n-7 por mii. of toluene 
1*4 per cent, of xylene, and 1*87 per cent, of naphthalene and other products. Gas-1 ar giv(‘H 1 (‘hh than 1*5 p(‘r 
cent of benzene and toluene together, most of these products (93 per cent, of the amount obtainc'd on distilling 
coal) remaining in the gas (as much as 45 grms. per cu. metre ; the gases from metallurgical coke contain only 
20 grips ). Every ton of Westphalian coal converted into coke yields about 4 kilos of benzene and {)*9 kilo of 
toluepc ; other coals give only about 1*5 kilos of these two products together. 

The tesiinff of commercial benzene is earned out by determining its density and by fractionally ilistillJng it * 
IQO c.c. are distilled in an ordinary flask with a side-tube (see p 3) and heated on a metal gauzj with a lluiim so 
adjusted that two drops distil over per second ; the flame is removed for a minute before changing the cylindera 
ip which the separate fractions (100°, 120°, 130°, 160°) are collected. In some cases a nitration test is made, 
note being taken of the yield of nitrobenzene, purified by steam, and then rectiftod (see later, ^Nitrobenzene). Ti).o 
addipon of petroleum spirit to benzene is detected by the lowering of the density ,* also petroleum spirit does 
pot dif^om tar-pitch or picric acid, which arc readily soluble m benzene. Eurthor, the latter reacts vigorouslv 
¥ifh eppeentrated nitric acid, which does not attack petroleum spirit. 
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TRIMETHYLBENZENES, CoH3(CH3)3 (see Table, p. 527). Tlie following isonicrides 
arc known : 


(a) Mesitylene (symin, I : 3 ; 5-) is a liq[nid of pleasant odour boiling at 165°. Its 
constitution is proved by its synthesis from acetone or allylene, by the fact that it docs 
not form isomeric compounds by further substitution in the nucleus, and by its oxidation 
products : nitric acid oxidises the three side-chams successively and chromic acid simul- 
taneously. 

{b) Pseudocumene (asyram. 1 : 2 : 4-) is prepared from bromo-p-xylene (1:4: 2) or 
bro mo -m -xylene (1:3:4) by Fittig's synthesis, which indicates its constitution. It is 
obtained in small proportion from the distillation products of tar, and is separated from 
mesitylene by conversion into the slightly soluble sulphonic acid (see Xylenes). 

(c) n-Propylbenzene, C6H5*0H2*CH2*CH3. The constitution of this compound is 
shown by the facts that it yields benzoic acid when oxidised and that it is obtained syn- 
thetically (Fittig) from propyl iodide and bromobenzene or from benzyl chloride, 
CeHjj *011201, and zinc ethyl. 


(d) Isopropylbenzene (or cumene), 




-0H(0H3)2, also gives benzoic acid 

on oxidation, and is formed from benzene with cither isopropyl iodide or normal propyl 
iodide (in the latter case aluminium chloride is necessary to cause molecular rearrange- 
ment) ; it is obtained also on distilling cuminic acid, 0(jH4.(C3H7)* CO2H, or by the inter- 
action of benzal chloride, CqHq-CHCIo, and zinc methyl. 

TETRAMETHYLBENZENES, C6H2(CH3)4. The best Imown of these are the fol- 
lowing : 

(a) Durene (1:2:4: 5) or s-tetramethylbenzene, which is found, together with 
isodurenc, in tar ; it is a solid, has a smell resembling that of camphor, and is prepared 
synthetically from toluene and methyl chloride. 

(&) and (c) Isodurenes, two isomeridc^ being known (1 : 2 : 3 : 4 and 1 : 2 : 3 : 5) (see 
Table, p, 527). 


(d) p-Methylisopropylbenzene or cymene, CH3<^ ^ — CH(0H3)2, is a liquid of 

pleasant odour, b.pt. 185°. It occurs naturally in cumin oil (from Cuminum cyminum) and 
in various essential esters, and it can bo prepared by heating camphor with phosphoric 
anhydride or by the interaction of oil of turpentine and iodine. On oxidation it yields 
•various acids. 

(e) m-Isocymene is found in resin oil 

Hexamethylbenzene (mellUJiene), C6(CH3)6, m.pt. 164°, is a stable compound and can 
bo neither nitrated nor sulphonatcd, owing to the absence of hydrogen atoms from the 
nucleus. When oxidised with potassium permanganate, it gives Mellitic Acid, Co(C02H)6. 


HYDROCARBONS WITH UNSATURATED SIDE-CHAINS 

As far as the nucleus is concerned, these compounds behave like true benzene deriva- 
tives, whilst by means of the unsaturatod side-chain they give all the reactions of 
unsaturai/cd methano derivatives. 

STYRENE, CgHs'CH : CH2, occurs in storax and is formed on heating cinnamic acid, 
which loses OOg : CH-COgH - COg + : CHg. It is a liquid of 

pleasant odour boiling at 146°, and tends to polymerise to Metastyrene. Styrene combines 
with bromine, iodine, hydrogen, &c., in the same way as olefines do. When it is treated 
with nitric acid, a nitro -group is introduced into the side- chain, giving Nitrostyrene, 
CeHs'OH : CH'NOg, the constitution of this being shown by its formation from benzal- 
dehyde and nitromcthanc : CA-CHO + CHs-NOg = CeHs-CH : CH-NOs + HgO. 

Styrene serves for the synthesis of anthracene (q.v.), 

PHENYL ACETYLENE, CsHg-C : CH, is a liquid of pleasant odour boiling at 142°, 
and is prepared by converting acetophenone, CeH5*C0*Cfl3, by means of PClg, into the 
dichloro-dorivative, CgHg* COlg'CHa, and eliminating 2HC1 from the latter by the action 
of potassium hydroxide. 

It is also obtained by the cautious distillation of PhenylpropioHc Add, OeHs-C : C-COgH. 
Like acetylene, it forms metallic compounds ; treatment with concentrated sulphuric acid 
results in the addition of HgO, subsequent dilution with water giving acetQphenone. 
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B. HALOGEN SUBSTITUTION PRODUCTS OF BENZENE 

Halogens act on benzene and its homologues, replacing one or more atoms 
of hydrogen and forming colourless liquid.s (sometimes crystahmc substiinws) 
which are heavier than water, distil michanged, and dissolve in alcohol and in 

In aromatic hydrocarbons, a halogen in the benzene nucleus is held much 
more jfimly than one in a side-chain and cannot he replaced hy liydioxyl 
by the action of silver hydroxide or by the amino -group by treatment with 
ammonia ; only by sodium or sodium alkoxide at about 200 can the halogen 

be eliminated. . ^ ^ i i i 

The chlorine in the nucleus of chloro toluene is united as firmly as in ciiloro- 
benzene, whilst the chlorine in benzyl chloride is readily reidaceablo, just 
as is the case with that in methane derivatives. To ascertain whether the 
halogen is present in the nucleus or in the side-chain, the 
are studied; thus, chlorotoluene gives chlorobenzoic acid, CgH^Cr CO2JI, 
whilst benzyl chloride yields benzoic acid. 

I T*or distinguishing isomeric halogen derivatives, the same methods are 
used as for the xylenes, &c. 

In order to he able to name aromatic derivatives the more readily, tiio 
following names are given to the more common of the dilTerent groups or 
aromatic residues (known as aryl radicals and denoted generally by Ar) : 
— OH, phenolic ; — CO^H, carboxyl ; — 0*CH3, methoxy ; CgHg, phenyl , 
^CHa- C^Hs, benzyl ; ^CO-CgHg, benzoyl ; nitrile ; -SO3H, sulpho 

or sulphonic; —C'CeHs, benzenyl; C6H4<^>0, phthalyl; —OH-CqBq, 

benzylidene or benzal ; — , diphenylene. 

General Methods of Formation. ( 1 ) In direct sunlight, chlorine and bromi Jio 
act on benzene, giving additive products, e.g. CgHeClg and CgHcBiv,, but in 
diffused light (best in presence of traces of iodine, aluminium chloride, anti- 
mony trichloride, &c.), substitution products are formed. With homologues of 
benzene, if the reaction is carried out in the cold and in the dark (or in diiTused 
light) or in presence of iodine (which acts catalytically), the halogen only enters 
the benzene ring (even in the hot, if iodine is present), whilst in the hot or 
in direct sunlight, the substitution takes place principally in the side-chain. 

(2) By heating halogenated acids with lime : 

CeH^Cl* COgH = CeHsCl + CO^. 

( 3 ) By withdrawing oxygen from oxygenated compounds (phenols, 

aromatic alcohols, ketones, acids, aldehydes) by means of PVl^ ; c.j/, 

C^Hs- OH + PCI5 = POCI3 + HCl + CeH,CL 

( 4 ) By boiling with cuprous chloride or potassium iodide the diazo- 
compounds obtained from the corresponding nitro- or amino-compounds : 
CeHsN : NCI = CeHsCl + N^ ; CcHsN : NCI -f- KI KCl -h Ng + 

(5) lodo -derivatives may be obtained by the action of iodine, iodic aedd 
being added to oxidise the hydriodic acid which is formed. They are, how- 
ever, usually obtained by process ( 4 ). 

(6) lodobenzene, CgHsI, unites with two atoms of chlorine, forming iodoso” 

benzene chloride, O6H5ICI2, digestion of which with alkali yields iodmobemcne, 
C3H51 : 0, the latter, when heated or oxidised (with chloride of lime) giving 
iodylhenzene, 2O6H5IO == OeH^I + or + 0 = 

explosive, crystalline compound). 

Chlorination or bromination of toluene yields the para- and ortho-derivatives 
in egual quantities ; the meta-derivative is obtained indirectly (from diazo- 
compounds). 
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PumcrrAL Halogen Derivatives oe Benzene 


linipiiical 

loinmta 

Name 

Mpliing- 

poiiit 

BoUiiig- 

pomt 

Specific 

gravity 


Ch loro-flerlvati ves 





Monoclilci obenzone 

I 

o 

4- 132° 

M28 at 0 ° 


o-Diclilorobenzene (1 : 2) 

— 

179° 



m- „ (1:3). 

— 

172° 



P- „ (1:4) . 

+ 53° 

172° 


CoHAJls . 

v’-Trichlorobcnzcne ( 1 : 2 : 3 ) 

16° 

218° 



as- „ (1:2:4) 

63° 

213° 



*•- (1:3: 5) 

54° 

208° 


CeHaCI.^ 

^’-Tctraclilorobcnzone (1 : 2 : 3 : 4) 

46° 

254° 



as- ,, (1 : 2 : 3 : 5) 

50° 

246“ 



.9- „ (1:2:4: 6 ) 

137° 

244“ 


C 0 HCI 5 

Pentachlorobcnzeno . 

o 

OO 

276° 


C^CIo . 

Hcxachlorobcnzenc 

226° 

326° 



Bromo -derivatives 





Monobromobcnzcnc . 

- 31° 

+ 155° 

1-517 at 0° 


o-Dibroinobcnzcne (1:2) . 

- 1 ° 

224° 

2-003 at 0° 


m- „ (1:3) . 

+ 1° 

220 ° 

1-955 at 20° 


P- (1:4) . 

87° 

219° 

1-841 at 89° 

CiHaBr, . 

'y-Tribroinobcnzene (1:2:3) 

87° 

— 



as- „ (1:2:4) 

44° 

275° 



.9- „ (1:3:5) . 

120 ° 

278° 


CdHaBri . 

'tJ-Tetrabroinobenzone (1 : 2 : 3 : 4) 

— 

— 



as- „ (1 : 2 : 3 : 5) 

98° 

329° 



.9- „ (1:2:4: 5) 

175“ 

— 


C(jBr(j . 

Hexabromo ben zone . 

above 31 5° 

— 


CcKiBr-CHa 

o-Bromo toluene (1:2) 

- 26° 

181° 

1-422 at 20° 


m- „ (1 : 3) 

- 39-8“ 

184° 

1-410 at 20° 


P- » (1:4) 

-h 28° 

185° 

1-392 at 20° 

BsHs-OHaBr 

Benzyl bromide 

liquid 

198° 

1-438 at 22° 


lodo-derivatives 




CeE,I 

lodobonzenc .... 

- 30° 

188° 



o-DI-iodobcnzcnc ( 1 : 2 ) 

+ 27° 

286° 



m- „ (1:3) . 

40° 

285° 



P- » (1:4) . . 

129° 

285° 



BENZYL CHLORIDE, CoHj-CHaCl, is a colourless liquid with a pungent odour, 
melting at ~ 49° and boiling at 178° ; its specific gravity at 15° is 1*113. It was first 
prepared by Cannizzaro in 1853, and is obtained by chlorinating boiling toluene. With 
potassium acetate this chloride gives the acctyl-derivativo, with potassium hydrosulphide 
a mercaptan, and with ammonia amino -bases. On protracted boiling with water it is 
transformed into benzyl alcohol, while boiluig with lead nitrate converts it into benzalde- 
hydo ; when heated with finely divided copper, it loses chlorine and condenses to dibenzyl, 

CoH5-CH2*CH2*06H:5. 

It is used for the preparation of oil of bitter almonds and for numerous aromatic syn- 
theses, its chlorine atom being readily replaceable. 

The commercial product costs Zs, 5d. per kilo and the ehcmioally pure 5.9. 7d. 

Benzyl Bromide, when treated with potassium iodide, gives Benzyl Iodide. These 
products are also formed from benzyl alcohol, C 6 H 5 ‘CH 2 *OB[, and halogen hydracids ; 
they may be converted back into the alcohol by boiling with water or potassium 
carbonate solution. 
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BENZAL CHLORIDE, CgHg-CHCL, and Benzotrichloride, 0<5Hr,*r0]j>, an‘ obiaincd 
either by protracted chlorination of boiling toluene or by iht‘ action of Pt'lr, or benzab 
dehyde or benzoic acid. 

Benzal chloride boils at 204 ° and has the sj). gr. 1*295 at 16 °, while the tricliloridt^ nu‘Its 
at — 22 °, boils at 213 °, and has the sp. gr. 1*380 at 14 °. 

Mixed halogen derivatives are known, as also is Hexachlorohexahydrobenzene, 
CeHsClfi. Numerous halogenated derivatives of unsaturated aromatic hydrocarbons hav(^ 
likewise been prepared, e,cj. «-Bromostyrene, : CFTo, and /]-Bromostyrene, 

CgHs-CHrCHBr. 


C. SULPHONIC ACIDS 

These are formed directly from the aromatic hydrocarbons l)y the action 
of concentrated or fuming sulphuric acid or of chlorosulphonic acid, (d-RO^H. 
Improved yields are obtained in presence of mercury or ferrous sulphate, 
which exerts a catalytic action. 

They are crystalline substances, readily soluble in water and even hygro- 
scopic, and are separated from the excess of sulphuric acid either by means 
of their calcium or barium salts, which are soluble, or by saturation of the 
aq[ueous solution with sodium chloride and subsequent cooling ; in the hitter 
case, the sodium sulphonate separates, this being decomposed with the (calcu- 
lated quantity of a mineral acid and the free sulphonic acid extracted with 
ether. 

When treated with superheated steam or with hydrochloric acid, they 
lose the sulphonic group, the aromatic hydrocarbon being thus regencratecl. 
With PClg they form the acid chlorides, e.g, C^Hs* SO2CI, which, with ammonium 
carbonate, yield the sulphamides, Cells* SOg-NHg [see later). On energetic 
reduction, thiophenol (phenyl hydrosulphide), CgHs-SH, is formed. 

BENZENESULPHONIC ACID, CeHg'SOgH, is obtained by the direct a(^tion of con- 
centrated sulphuric acid on benzene : CcHe + H2SO4 =« H2O + CeHs* SO3H. Its barium 
and lead salts being soluble, it can be readily separated from the (excess of sulj)buric 
acid. 

It is very stable and is not decomposed on boiling with alkali or acid (as is otliylsul phonic 
acid), but if heated with hydrochloric acid at 150 ° or with superheated steam in presoncu^ 
of concentrated phosphoric acid, it takes up water, giving benzene : OoHr, • SO-j If + H2() - “ 
QHe 4. H2SO4. When distilled with potassium cyanide, it forms benzonitrile, Cebe ’ ROoK 
+ KCN - K2SO3 + CeHs* ON. 

When fused Mth alkali it forms phenol, CeHg-SOgK + KOH -- KoSO;, + 
while with Pa^ it yields Benzene Sulphochloride, + POis 1 - PO(\ + HCIl + 

C6H5*S02C1 (decomposable by water). 

With ammonia, ammonium carbonate, or primary or secondary amiiu's, bt^nzene 
sulphochloride gives more or less substituted Benzenesulphonamides, e.g. ('(}Ib,*B()2*KH2» 
C6H5*S02*NHB, C6H5*S02’NR2 j which crystallise well. As the tertiary amim^s do not 
give this reaction, they can be separated from other amines. 

Owing to the highly acid character of the SO^ group, the amino-group do(vs not. form 
salts, but its hydrogen can be replaced by metals, e.g. by dissolving in sodium hydroxides 
solution. Sulphur trioxide converts benzene into Sulphobenzide {mlphone), ( (JoH 5)2^02- 

Nitration of benzenesulphonic acid yields mainly m-nitrobenzcnesul]>honi{i acid, but 
small quantities of the ortho- and para-derivatives arc also formed. 

Reduction of p-nitrobenzenesulphonic acid yields Sulphanilic Acid {p-aminohfnzme- 
sulphonic acid), NH2*CJ6H4*S03H (discovered by Gerhardt in 1845 ), which is also obtained 
on heating aniline with fuming sulphuric acid or on heating aniline sulphates at 200 °. This 
acid and also the corresponding mota-acid are used in the manufae-turo of artificial dye- 
stuffs, and both of them can be diazotised {see later). 

Sulphonic compounds and their salts are of importance in the dye industry as 
they give dyes soluble in water and readily applied to the dyeing of textile fabrics. 

Polysulphonic acids of benzene and its homologues are also known, some 
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of tbom serving for the separation of isomeric aromatic hydrocarbons {see 
Toluene). 

D. PHENOLS 

Phenols contain hydroxyl groups in place of one or inore hydrogen atoms 
of the benzene nucleus. They have a characteristic odour (phenol, thymol), 
and certain of them arc partially soluble in water, while all of them are soluble 
in alcohol and in ether ; they distil unchanged and have a more or less marked 
antiseptic action. 

Their ])ropertios resem])le, to some extent, those of tertiary alcohols and 
those of weak acids. Thus, ethers are formed by the action of alkyl halogen 
compounds on the sodium derivatives of the phenols, anisole, CgHg-OCHg, 
and X)henyl sulphate, CeHs-O-SOaH, being obtained in this way ; the latter 
compound is readily hydrolysed. They are, however, stable towards oxidising 
agents, nitric acid forming substitution products. The hydroxyl group is 
with some difficulty replaced by chlorine by the action of PCI5. They act as 
weak acids, but with alkalis form stable salts, which are soluble in water, are 
decomposed oven by carbonic acid, and show only slight electrical conductivity. 

Halogens and nitric acid replace the benzene hydrogen of phenols more 
easily than that of benzene itself or its homologues, so that even in dilute 
solution phenol can be precipitated quantitatively as tribromophenol by the 
action of bromine water. 

If the hydroxyl group is joined to a side-chain and not to the benzene 
nucleus directly, the compound is an aromatic alcohol and not a phenol. 

Oxidation of homologues of phenol yields hydroxy-acids, the side-chain 
being oxidised while the phenolic groups remain intact. 

When distilled with zinc dust, phenols give the corresponding aromatic 
hydrocarbons. 

In aqueous neutral solution, phenols give a violet, green, or other coloration 
with ferric chloride, calcium hypochlorite, or, in some cases, iodine. In 
general, they exert a reducing action. 

With nitrous acid, phenols form isonitroso-dorivatives (oximes), and, in 
presence of concentrated sulphuric acid, intensely coloured solutions are 
formed which are turned blue by potash {Liebermann' s reaction). The sodium 
or potassium derivatives of the phenols (phenoxides), with carbonic acid (or 
( 001 4 + KOH) give aromatic hydroxy-acids : 

OeHg- OH + OO 2 = OH- CO^H. 

With chloroform and sodium hydroxide, they yield the corresponding alde- 
hydes. 

They react with diazo-compounds and various other compounds forming 
colouring-matters {see later). The action of zinc chloride (or calcium chloride) 
and ammonia on phenols results in replacement of the OH by NHg. 

(a) MONOHYDRIC PHENOLS 

These arc found alone or together with polyliydric phenols, and partly 
in the form of ethers {eg. guaiacol, OH-C6H4* OCH^, cresol, &c.) jn the tar 
obtained by the dry distillation of wood or coal. They are separated from 
the tar-oils by means of caustic soda, which renders them soluble, and, after 
separation, are set free by mineral acid and subjected to fractional distillation. 

They are also obtained industrially by fusing salts of sulphonic acids with 
alkali (in iron vessels ; in the laboratory silver vessels are used) : 

CeHs- SO^K + 2K0H = CeHg- OK + K 2 SO 4 + H^O. 

If the nucleus contains chlorine atoms, these are also substituted by hydroxyl 
groups by this reaction. 
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Plicnolw are formed by boiling diazo-compounds (see later) with water in 
dilute sulphuric acid solution : 

CeHs-NaCl + H^O == + HCl + CeH^- OH. 

Also, when benzene is oxidised with HgOg or with oxygen in j)resenco of 
aluminium chloride, phenols are obtained. 

Chlorine atoms or amino-groups joined directly to the nucleus can be 
replaced by hydroxyl-groups by the action of sodium hydroxide, but only 
when the nucleus contains also strongly negative groups, e,g. 

PHENOL (Carbolic Acid), CgHs* OH, was first discovered by Bunge in tar and occurs, 
to a small extent, in combination in urine. 

It is separated from tar-oils {see p. 530) by ticatmcnt with caustic soda solution (sp. gr. 
1-09) and agitation by a current of air ; steam is passed through the decanted alkaline 
solution of phenol, this removing the naphthalene, Sco, The phenol is then liberated by 
H 2^04 or CO 2 {e.g, flue gases) and washed several times with water, crude carbolic acid 
(containing 40 per cent, of phenol, the rest creosote, &c.) of sp. gr. 1*05 to 1*06 being thus 
obtained.^ 

This is purified by repeated distillation between 175° and 185° or, better, rectification 
until it crystallises at the ordinary temperature and no longer turns red in the air. To free 
it from final traces of crcsol, it is diluted with 12 to 15 per cent, of water and the hydrate 
crystallised at —8° to — 10° (crcsol hydrate crystallises at 20°), centrifuged and distilled 
until a strength of 99 per cent, is attained ; repetition of the operation and of the distilla- 
tion (m earthenware vessels) gives chemically pure phenol. Minimal quantities of water 
prevent crystallisation at the ordinary temperature. 

The low price of benzene renders practicable the industrial synthesis of phenol ; by 
means of fuming sulphuric acid the sulphonic acid is formed, this being then fused with 
one-half of its weight of caustic soda: CoHs-SOaNa -f 2NaOH == H 2 O -f- N‘a 2 S 03 •+• 
CgHi-,* ONa. /The addition of acid then liberates pure synthetic phenol, which has very little 
smell and is suitable for the manufacture of picric and salicylic acids, &c. 

Pure phenol crystallises in long, colourless needles melting at 42*5° and boiling unchanged 
at 183 ° ; it has a specific gravity of 1*084, dissolves in 15 parts of water at 16°, and is 
readily soluble in alcohol or ether. It has a characteristic odour, is poisonous, and on 
account of its great antiseptic powiT is largely used as a disinfectant in medicine and 
surgery ^ ; in many cases it is, however, replaced by other antiseptics (corrosive sublimate, 
cresols, &c.) which have not the unpleasant odour of phenol. tPho maximum antiseptic 
action of phenol is exerted in aqueous solution and in presence of acid, owing to its partial 
dissociation into the ions and H* ; according to Pfiiiggc, when dissolved in pure 

alcohol or in oil, it has no antiseptic action, since it is then not dissociated. 

It dissolves in caustic alkali solutions (forming phenoxides, e.g. CgHs-ONa), but not 
in those of alkali carbonates. With formaldehyde it forms resinous condensation products 
{artificial sealing-wax : Eesit, 1909). 

A pine splinter, moistened with hydrochloric acid, is coloured bluish green by phenol. 

1 Testing: of Carbolic Acid Comracroial pare phenol melts at 39°, other pure forms molting at 30“ to 30“ 
and boiling at 183° to 186°. ■When pure, phenol should dissolve completely to a clear solution in 16 parts of 
wat(*r and should leave no residue on evaporation, l^henol winch does not crystallise at the ordinary tomporature 
contains at least 10 per cent, of higher phenol liquors. The exact quantitative estimation of pure phenol (not 
containing cresols, which behave like phenol) is effected by transfonning it into tribromobenzone by Koppo- 
schaar’s method. Th(‘rc is no characieiistic reaction for distinguishing the phenols from cresols, but the latter 
arc the less soluble m water. An approximate in<‘fhod, which is used in practice, and is suggested also m the 
(lorman Pharinacopema, for determining the phenol-content of crude carbolic acid is as follows : 10 vols. of the 
])roduct are shaken for a long time wif h 90 vols. of sodium hydroxide solution (sp. gr, 1*079) in a graduated 
cylinder and then left to stand until two layers separate ; the volume of the undissolved non-phonol is then read 
off and, after this has been removed, the residue is aoidifled with llCl and XaCl added to separate the whole of 
the phenol, the volume of which is subsequently measured. 

* yiie action of Antiseptics or Disinfectants {see also p, 127) depends on the chemical character of the 
antiseptic substance and partly on the quantity and nature of the substance to be disinfected. The poisonous 
action of disinfectants is the result of a chemical action between the proteins of the plasma of the living cells, 
this having varying affinities towards different antiseptics ; the concentration of the latter, the duration of the 
action, drc., also inlluenco the action. With some poisonous and very dilute solutions (the limit of dilution for 
combination to occur between the proteins and the antiseptic vanes with the nature of the latter), certain micro- 
organisms fix the whole of the metal of the antiseptic (e g, copper or mercury from their salts) ; the solution 
does not then react with hydrogen sulphide, while the cells of the micro-organism do so. The following Table 
fihows the approximate doses pf different antiseptics peppseary to kill 10 grms. of tieer-yeast (containing 80 per 
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The imports of carbolic acid into Italy wore 888 quintals in lOOil, 1574 in I!)(»4, 1883 in 
1907, and 4000 (worth £9100) in 1910. In 1905 Germany imported 55,375 (puntalK of crndo 
carbolic acid at 28s. per quintal and exported 53,000 quintals of the refined product at 
68s. per quintal (total, £155,200) ; in 1908 39,825 quintals (36,242 Iroin Kngland) wen* 
imported and 44,476 quintals (13,000 to Russia and 8000 to the United Hfafi's) expeuted. 
In 1911 England exported 8000 tons (£162,500) of carbolic acid, while the Unif-ed States 
imported 11*50 tons (£38,000). 

The 'py'ice of commercial dark carbolic acid is about 13.s*. to 10-s‘. pt‘r (puiitaJ for (lu‘. 
25 to 30 per cent, product ; 20^. to 246*. for 50 to 60 per cent., and 30.s'. to 40.s*. for 100 
cent. ; the pale acid costs 346, to 506. ; pure redistilled crystals, m.pt. 35 , UO-s*. ; elK^mi- 
cally pure, 1365., and synthetic phenol, I486. Calciim phenoxide costs 1()6. ior tlu* 20 
cent, and 296. for the 50 per cent, product. 

Phenol forms phenoxides with many metals (Na, K, Hg, Cu, &c.). alkali ph(*noxid(*H, 
when heated with alkyl iodides, give ethers, e.g. ANISOLE^ 0* C TI-j ; PHENETOLE,* 
CgHs-O-C^Hs, &c. 

These ethers are neutral, very stable liquids, and, as is th(" case with the corr(‘sponding 
aliphatic compounds, boil at lower temperatures than the phenols. 

They are decomposed only in energetie reactions. For instance, hydriodic Jund at 
acts on them with formation of methyl iodide, this reaction serving for the c'stimation (jf 
methoxy-groups m phenolic ethers (Zcisel) : CgHs-OCH^ + HI™ 

Phenol also forms Acid Derivatives, c.gr.pheuylsulphuric acid, CtjHr,* 0* SOijH, which is 
stable only as salts, these being obtainable, for instance, by tlu* action of aqueous potassium 
pyrosulphato on potassium phenoxidc. They are formed in the urine by the puirt‘fa(*.tion 
of, proteins, and arc' estimated by determining the amount of sulphuric acid hberat(‘d iii 

cent, te. 3 gims , of dry matter), but these numbcib would doubtless refiune couMduuihh' modilleat.ton in th<5 
disinfection of other materials * 


0-05 to 0-1 gim. caibolic acid 

0-02 „ 0*04 ,, formaldehyde 

1 00 „ 2*00 „ acetaldehyde 

0 5 „ 0-7 „ O'hydroxybei z ilddiyde 

0*2 ,, 0*5 ,, acetic acid 

0 001 ,, 0*002 „ copper sulphate 

0*005 „ 0*01 „ corrosive .sublimate 

0 05 „ 0*1 „ sodium fiuoride 

0 01 s, 0*025 „ hydrofluoric acid 


0 01 

to 0 02 

gun 

silNcr nitrate 

0 05 

„ 0 1 


z.iK! sulphate 

0-05 

„ 0 1 


h'jul acetate 

0 05 

» 0-1 


hydioclfloiic acid 

0*05 

„ 01 

J3 

caustic soda ♦ 

0 02 

„ 0*05 

>> 

potassium perman ganato 

0 015 

„ 0 03 

99 

chlorine 

05 

„ 10 

9> 

tannin 


‘ Estimation of Alkoxy-groups by ZeiseVs Method. When the apparatus (I'ig. 409) has b(‘on found to be air- 
tight, 0 2 to 0 3 grm, of the substance is introduced into the flask, A (30 to 35 c c ), 50 c e. ot alcoholic silvtu* 
nitrate (2 gnus, fused nitrate + 5 c c. water -j- 45 c c. absolute alcohol) into the two ilaslv.s, C’, and then JO <',c. 



of pure liydiiodic acid (sp gr. 1 7) into A. The latter is then attached to tin' ('oiuleuHf'r, K, tlirough vvJueh water 
at 40° to 50*" circulates ,* the Ueib,sler bulbs, B, which arc kept at 50° to 60°, contain wat.i'r with ri'd phosplionis 
(0 3 to 0*4 grm.) m suspension to retain hydrogen iodide. The liask, A, is heated in a glyeeriiu' batli until its 
contents boil, carbon dioxide being passed slowly (2 bubbh'S in 2 seconds) tlirough the flask, iflie operation 
requires about 15 minutes and is complete when the precipitate formed in A separate.s sharjiJy from tJio Buper- 
iiatant clear liquid. The total contents of the two flasks, C, are diluted in a hcakc'r with 500 c.c, of water and 
concentrated to about one-half the volume on a watiw-bath. A little watiu and a few tlnijw of nitric add aio 
then added and the liquid heated until the silver iodid(‘ separates, this being tlu'u filter'd, drli'd, an<l weighed m 
the usual manner Various modifications of this method have boon suggp.st('d for volatih' substanei's and ('spcsclally 
for those containing sulphur (the substance is hydrolysed with concentrated JSfaOIi and tlu' prodiid/H absorbeil 
after first passing thiough a U-tubc contamiiig pumice moistened with CuBOj; a current of air and not of COj, 
^8 aised in this case). 
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tluj hoi by dilute liydrocliloric ackl. Even carbonic and acetic acids form analogous 
compounds. 

HALOGEN DERIVATIVES OF PHENOLS. The liydi-oxyl group of phenol facilitates 
the replacement of tlie hydi'ogeii atoms of the benzene nucleus by halogens ; even in 
the cold, bromine water forms Tribromophenol. Chlorination can bo effected by the direct 
action of clilorme or by sulphuryl chloride, while replacement by iodine is facilitated in 
alcoholic solution, or in presence of mercuric oxide (which oxidises the hydriodic acid as 
it is formed), or in an aqueous alkaline solution. The halogen usually assumes the ortho- 
or })ara -position with respect to the hydroxyl. 

While 0 - or p-cresol combines with only two atoms of bromine, the action of chlorine 
on anisole, CeHr/O-GHg, at 60° in presence of a little iodine, yields ^es(ra- or oven penta- 
chloroanisole, Halogen derivatives of phenols may also bo obtained by 

diazotising halogcnatcd aminophenols. 

In general, they are colourless crystalline compounds of pungent odour and decidedly 
acid character {trichloro'phmol decomposes carbonates ) ; when they are fused with potash, 
the halogen atom gives way to another hydroxyl group, which, however, often enters partly 
in a position different from that occupied by the halogen. Under the further action of 
chlorine, tri- and pcnta-chlorophcnol yield additive products, the C* OH group being at 
the same time converted into CO. 

FHENOLSULPHONIC ACIDS, 0 H-C 6 H 4 -S 03 H, are obtained by treating phenol 
with concentrated sulphuric acid, the o- and p-compounds being formed with equal ease ; 
tlie o- is converted into t]ie p-compound by heating with water. The m-compound is 
obtained indirectly by fusing m-bcnzcnedisulphonic acid with alkali. 

HOMOLOGUES OF PHENOL (see Table, p. 540). Oxidation of the side-chains in 
th(‘se loads to aromatic hydroxy-acids. 

The Cresols are not oxidised |)y chromic acid mixture, but arc completely decomposed 
by permanganate ; if, however, the hydro xyhc hydrogen is replaced by an alkyl or by 
acetyl, oxidation proceeds m the ordinary way. 

The three isomeric Hydroxytoluenes, CH3‘C6H4-0H, bear the generic nameof emofe. 
They are present in wood- tar and may also be prepared from the corresponding amino- 
derivatives or sulphonic acids. The cresols react with bromine water. The crude cresols 
mixed with soap solution form creoUne or lysol, which serves as a convenient antiseptic 


and is largely used. p-Cresol, OH 


,OH, is formed in the putrefaction of proteins. 


OH 

THYMOL, is found in oil of thyme and has an antiseptic 

\ / LJI3 

action. One of its iodo-derivatives, Aristol, is used as a substitute for iodoform. 

OH 


CARVACROL, CH/ occurs in Origanum hirtum, and is formed by 

\ / 

heating camphor with iodine or by the action of phosphoric acid on carvone (seeTerpenes). 

ANETHOLE, CHsO-CoH^-CH : CH-CHg, is a colourless solid melting at 228°, boiling 
at 233°, and having the sp. gr. 0-986 at 21-5° ; it has a pleasing odour and occurs in Anise 
oil (from the seeds of Pimpinella anmmi)^ from which it is obtained by repeated fractional 
distillation or by freezing. Synthetically it is prepared from anisaldchyde and sodium 
])ropionato by Perkin’s reaction (see p. 291), its constitution being thus proved. In the pure 
state it costs 206'. per kilo. 


(b) DIHYDRIC PHENOLS 


Tlxeso contaixx two hydroxyl groups united to the carbon of the benzene 
nucleus. They are analogous in their chemical behaviour to irxonohydric 
phenols, and are prepared by similar methods ; certain of them show marked 
reducing properties. With lead acetate, pyrocatechol gives a white precipi- 
tate, hydroquinone is precipitated in presence of ammonia, while resorcinol is 
not precipitated. 

PYROCATECHOL (Catechol), C 6 H 4 (OH )2 (1:2), forms crystals molting at 104° and 
subliming ; it dissolves readily in water, alcohol, or ether. It is found in various rosins and 
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is obtained by distilling catechu {Mimosa catechu ) ; it is now prepared by fusing o-pheuol- 
sulphonic acid (see p. 543) with caustic potash. 

Its alkaline solution is unstable, and is coloured first green and then black by the 
oxygen of the air ; it reduces silver salts, and by ferric chloride is coloured green or* vi()](‘i 
if a little ammonia is present {characteristic reaction of o}tho-dihf/drorif-C()mq)()unds), Witli 
bromine water it gives trihromoresorcinol, which melts at 118*^, is soluble in wat(T, and turins 
brown in the air. 

OH 


Its monomethyl Ether, ^OCH 3 , is called GUAIACOL and occurs alniudanily 

in beech-tar ; it is used in medicine as an expectorant. It is obtained by shaking tlu^, 
creosote oil (fraction boiling at 200° to 250°) from the distillation of the abovc^ tar with 
ammonia, treating with alcoholic potash, washing with ether, crystallising thi' potassium 
compound from alcohol, and decomposmg it with dilute sulphuric acid. It is obtaiiu^d 
crystalline by allowing its light petroleum solution to evaporate slowly. SyntIuHcally 
it is prepared by diazotising o-anisidine, acidifying with dilute sulphuric, acid, and distilling 
in steam. It melts at 29°, boils at 205°, and dissolves in about 60 parts of water. Jt costs 
from 10^. to 135, per kilo, 

RESORCINOL, C 6 H 4 (OH )2 (1 : 3), is formed on fusing various resins, such as galhamim 
and asafoetida, with potash, and also from m-phenolsulphonic acid or m-bromobinizcnu!- 
sulphonic acid ; it is prepared industrially from m- or p-bonzcnedisuipbonic acid (prepared 
from toluene-free benzene) by fusion with potash. It forms rhombic crysi-als nu^hhig at 
110°, and boils at 270° with partial decomposition. It imm brown in the air, is soluble 
in water, alcohol, and ether, and slightly so in benzene, and reduces silver nitrate. It is a 
less energetic disinfectant than carbolic acid. 

With nitrous acid or diazo -compounds it forms dyes and, like all m-diliydroxybenzciutvs, 
with phthalic anhydride at 200° it yields fluorescein. Commercial resorcinol costs 5,9. M, 
per kilo and the pure compound 205. , 

HYDROQUINONE (Quinol),C 6 H 4 (OH )2 (1 : 4), is obtained by oxidising aniline in Iho 
cold with sulphuric and chromic acids, or by reducing quinonc with sulphurous acid. 
It forms dimorphous crystals melting at 169°, and with ammonia gives a reddish brown 
coloration. Oxidising agents convert it into quinonc. Owing to its strong reducing 
properties it is used as a photographic developer. 

The chemically pure compound costs 8s. per kilo. 

OH 

ORCINOL (Dihydroxytoluene), CH 3 <^ y , does not form fluoroKSceiu with plithailic 

OH 

anhydride. Its ammoniacal solution oxidises in the air, giving Orceine, 107 ^ 2 , wJiich 
is the principal component of natural archil and is related to litmus. 

OH 

HOMOPYROCATECHOL (Homocatechol), CH 3 <^ ^OH, givcH a inonoinctJiyl 
OH 


ether, Creosol, CH 3 <^ ^OCHj. 

OCHj, 

The unsatarated derivative, Eugenol, CH 2 ;CH'CH 2 <^ tho primsipiil 

oompoiient (90 per cent.) of clove oil, from which, it is extracted with aqueous jiotaHli, licitig 
then liberated with acid and rectified in a stream of COg. It i.s a liquid (xjiliiig at 247-5“ 
and has the sp. gr. 1-073 at 14“ Hot alcoholic potash displaces tho double liukiuij of 

OCH3 

eugenol, giving Isoeugenol, CH3-CH: CH(^ ^ OH, which also has a pleasant, 

characteristic odour. 
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(r) TRIHYDRIC PHENOLS (Trihydroxybenzenes) 


The constitutions of the throe isomeric trihydroxybenzenes have now been 
fixed with certainty : Pyrogallol, 1:2:3; Hydroxyhydroquinone, 1:2:4 (as), 
and Phloroglucinol, 1 : 3 : 5 ( 5 ). 

PYROGALLOL (1:2: 3-Trihydroxybenzene ; also improperly called Pyro- 
gallic Acid), 06H3(OH)3, is prepared by heating gallic acid {see later) for half 
an hour in an autoclave at 200° to 210° with 2 to 3 times its weight of water ; 
the solution is decolorised by boiling with animal charcoal, filtered, concen- 
trated, and crystallised. The pyrogallol thus obtained is purified by sublima- 
tion and then forms shining, white, poisonous scales or needles, melting at 
132° and boiling at 210°. It may also be prepared by distilling a mixture 
of 1 part of gallic acid with 2 parts of powdered pumice in a current of CO 2 . 

It dissolves in 1*7 part of water or ether, or in 1 part of alcohol. In 
alkaline solution it is an energetic reducing agent and absorbs oxygen from 
the air with avidity ; it is used in gas analysis in all cases in which oxygen 
is to be absorbed (^ee Orsat Apparatus, vol. i, p. 375). By fresh solutions of 
ferrous sulphate it is coloured blue, by ferric chloride brown, and by silver 
nitrate black. 

It does not react with hydroxy laininc (see Phloroglucinol). Its dimethyl 
other (Dimethyl Pyrogallate), OH* C6H3(0CH3)2, is contained, along with other 
homologous ethers, in beech-tar. 

When pure it costs 12s. to 145. 6d. per kilo. 

HYDROXYHYDROQUINONE (1 : 3 : 4-Trihydroxybenzene), CsH 3 (OH) 3 , 
is obtained by fusing hydroquinone with caustic soda and has not been very 
closely studied. It crystallises from ether in plates melting at 140-6°, readily 
undergoes change in aqueous solution, and does not react with hydroxylamine 
(see Phloroglucinol). 

PHLOROGLUCINOL, is obtained by fusing various resins with 

KOH. Baeyer prepared it synthetically by condensing 3 niols. of ethyl 
sodiomalonate in the hot, 3 mo'ls. of alcohol being thus eliminated ; 


OOOOaHs 




3 0 


'^Na 

COOCaHs 


0 

( taHsCOa • (Na)C C!(Na) • GOaCaHs 

0:0 0:0 

\^OaCaH5 

Na 


+ 30aH,-0H; 


acidification of this product results in the substitution of the sodium by 
hydrogen with formation of ’phloroglucinoltricarboxylic acid, which, when fused 
with caustic potash, loses its carbethoxy-groups and gives phloroglucinol. The 

^ QJJ QQ 

latter should therefore have the constitution C0 <qjj® _^q>CH 2 , which 

contains no double linking and corresponds with tnketohexamethyUn& ; in accord 
with this structure, it reacts with 3 mols. of hydroxylamine, giving a trioxime. 

On the other hand, it behaves also as a trihydroxybenzene or trihydric 
phenol, giving a triacetyl-derivative with acetyl chloride, so that it is able 
to exist in two tautomeric forms. 

This explains why, when it is treated with alcoholic potash or with an 
alkyl iodide, the alkyl groups unite with carbon and not with oxygen (as 
they would with a triphenol), giving, e.g. hexamethylphloroglucinol. 

Pure phloroglucinol costs about £16 per kilo. 

11 


35 
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(d) POLYHYDRIC PHENOLS 

From dinitroresorcinol is obtained a Tetrahydroxy benzene, (1 : 2 : 4 : 5). 

which boils at 220°, while chloranilic acid {see later) is formed by the oxidation of ilie 
dichloro- derivative. 

HEXAHYDROXYBENZENE, C6(OH)6, is obtained as potassium dcu-ivaiive, 
in the manufacture of potassium by reduction of its carbonate : + ^^2 

and 6K + 6CO ~ CqOqKq, These reactions represent a further example of the syniht'sis 
of organic substances from inorganic matter. Hexahydroxy benzene is a white, cryst^alJine 
substance which oxidises readily in the air and yields benzene when distilled with zinc 
dust. 

Of the additive products formed by polyhydric phenols with hydrogen, quercitol and 
inositol may be mentioned. 

QUERCITOL (Pentahydroxy cyclohexane or Acorn Sugar) 

yCH(OH).CH(OH). 

OH.CH<; >CH2, 

\CH(0H).CH(0H)/ 

s found in acorns and is similar to mannitol ; it has a sweet taste and forms monoclinic 
prisms melting at 234°, its specific rotation being [a]^® = + 24T6°. Wlum heated to 240° 
in a vacuum or fused with alkali it loses water yielding various aromatic derivatives 
(hydro quinone, quinono, and pyrogallol) ; on reduction with HI, it gives benzene, pluaiol, 
pyrogallol, quinone, and hexane. When oxidised with nitric acid it forms niucic and 
trihydroxyglutaric acids, while with permanganate it yields malonic acid, the presence 
of the methylene group, CH2, being thus confirmed. It forms a pentac(4yl-dorivative, an 
explosive pentaiiitrate, and a pentachlorohydrin, C6H7CI5, melting at 102° ; the formation 
of these compounds demonstrates the presence of five hydroxyl groups. 

INOSITOL (Hexahydroxycyclohexane or Muscle Sugar), CoH(j(OH)6, is similar to 
quercitol but contains a OH* OH group in place of the CH 2 . It has the app(‘araue(‘, ajul, to 
some extent, the sweet taste of the sugars, with which it was for long confused. That it is a 
cyclohexane derivative is shown by the formation of phenol, benzene, and iriiodoplumol 
on reduction with HI, and that of quinone and some of its derivatives on treatment with 
PCI5. The presence of six hydroxyl groups is proved by the formation of a kexa-acetate 
(m.pt. 212°) when it is treated with acetic anhydride and zinc chloride, and of a hexanitratv, 
(m.pt. 120°), under the action of concentrated sulphuric and nitric acids ; 
the hexanitrate is highly explosive and reduces Fehling’s solution. Four optical isomerid(‘B 
are known: (1) inactive; (2) dextro-rotatory, Cu]^ + 68*4°, crystallising with 2H2O 
and melting at 247° ; (3) Isevo- rotatory, [a]jD— 65°, m.pt. 247°; (4) racemic, molting at 
250°. Baeyer’s stereochemical conceptions indicate eight possible isomerides, according 
to the arrangement of the OH and H above or below the plane of the hexagt)n. Inositol, 
especially the inactive form, occurs in beans, lentils, peas, the muscles of th(5 htnirt*, tlie 
brain, &c. The inactive modification crystallises from water with 2H2O at tomporaiur(‘,s 
below 50° and in an anhydi’ous form, m.p. 225°, at higher temperatures ; it boils unchangt^d 
in a vacuum at 319° and is not fermented by yeasts. It docs not combine with phenyl - 
hydrazine or reduce Fehling’s solution, but it reduces aminoniacal silv(‘r nitrate solution ; 
it forms a basic lead salt, (06Hii06)2Pb, PbO. It does not yield quercitol when reduced, 
so that the hydroxyl groups are symmetrically distributed. 

The monomethyl ether of i-inositol, or hornesitol) is found in Borneo rubber, and 
dimethyl ether, or damhonitol, C8H6(OH)4(OCH3)2, in Gabon rubber. The monomethyl 
ether of d-inositol, or pinitol, which occurs in many plants and plant-juicc?s, melts at 180°, 
sublimes at 200°, and has a rotation of + 67*5°. The monometliyl ether of 1-iuositol, or 
quehrachitol, melts at 186°, boils at 200° in vacuo, and with HI forms 1-inositol ; it occurs 
in quebracho bark. 


E. QUINONES 

These may be regarded as derivatives of phenols obtained by elimination 
of hydroxyl groups, with consequent displacement and partial elimination of 
the double linkmgs of the benzene nucleus. They are usually yeUow and 
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of pungent odour and possess oxidising properties ; they are volatile in steam, 
with partial decomposition. 

Oxidation of meta- and ortho -diphenols does not yield quinones. 

BENZOQUINONE or simply Quinone, CgH^O 2, can be obtained by oxidising either 
l)-aminoj)hcnol or sulphanilic acid (1:4 — NHg-CeH^.SOgH), or p-phenolsulphonic acid, 
or hydroquinone, or aniline (on a large scale) with chromic acid. 

On sublimation it forms fine yellow crystals which melt at 116°, giving a characteristic 
irritating odour. It is soluble in alcohol or ether and slightly so in cold water. It fixes 
hydrogen, which transforms it into hydroquinone, while the halogens give addition or 
substitution products according to the conditions. With HCl it forms inonochloro- 
iiydroquinone, C6H4O2 + HCl = C6H3C1(0H)2. With amines and with phenols it forms 
dyes which crystallise well but are only slightly soluble. 

With hydroquinonc it forms a condensation product, Quinhydrone, C6H402’ C6H4(OH)2, 
which consists of green prisms with a metallic lustre, and may be regarded as an 
intermediate product in the oxidation of hydi’oquinone or in the reduction of quinone 

0:C<^ \o:0. 

Constitution. That quinone contains two carbonyl groups is deduced from the fact 
that with hydroxylamine it yields quinone monoxtme and quinonedioxime : 


HC 

HO 


CO 


CrNOH 

C: 


CH 

/\ 



\/ 

CH ~ 



\/ 

CO 


CO 


C: 


Quinonemonoxime 

(nitrosophenol) 


It contains two double linkages, since in benzene solution it absorbs four atoms of 
bromine, while ozone is also fixed quantitatively {see pp. 88 and 299). 

OH CO 


/i\ 


Tho transformation of hydro quinone, |> 

\ 




<1 , into quinone, || || , is an evident 

/ \/ 


OH CO 

example of the convertibility of the centric form of benzene into that Tvith two double 


linkages. 

Tetrachloroquinone (chhranil), C6CI4O2, prepared by oxidising triohlorophenol ■with 
diehromato and sulphuric acid, serves for the manufacture of coal-tar dyes ; the com- 
mercial product costs 20s. per kilo, and the pure SOs. Tolwquinonc, CoHaOg-CHa, 
xnlaqainone,, tliymoquinone, &c., arc kno-wn, as also are quimnsimides (e.gr. 
CeH^O • NH) and quinonediimides [e..g. C6H4(NH)2]. 


F. NITRO-DERIVATIVES OF AROMATIC HYDROCARBONS 

These are readily obtained by treating the hydrocarbons -with concentrated 
nitric acid, best in presence of concentrated sulphuric acid, -which fixes the 
water as it is formed : 

OeHe + HNO3 = H2O -f CeHs-NOa- 

With the hydrocarbons homologous with benzene, nitration is still more 
easy, but not more than three nitro-groups can be introduced directly ; 
tetranitro-derivatives are prepared indirectly. Aromatic nitro-oompounds 
cannot be obtained by the action of silver nitrite on chlorobenzenes, as is 
the case with those of the fatty series ; but this method serves for the intro- 
duction of nitro-groups into side-chains. 

The nitro-compounds are liquid or solid and usually more or less yellow, 
although some are red ; they are heavier than water and dissolve readily in 
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alcohol, ether, or acetic acid, but are mostly iasoluble in water. They distil 
tinohanged and are volatile in steam. 

The nitro-group is united very firmly to the nucleus, especially in mono- 
nitrobonzene, and is not directly replaceable. It can be reduced to the amino- 
group by means of nascent hydrogen in acid solution ; reduction in alkaline 
solution results in the formation of azoxy-, azo-, and hydrazo-compounds, whilst in 
neutral solution or with hydrogen sulphide, the nitro-group becomes a hydroxyl- 
amino-group. On electrolytic reduction, nitro-derivatives yield amino-phenoLs. 

Polynitrobenzenes are easily obtained by the action of fuming nitric acid 
in the hot ; the meta-derivative is formed first and this, by further nitration 
with nitric and fuming sulphuric acids at 140°, gives symm. trinitrobenzene. 

The polynitro-compounds react more readily than mononitro-derivatives ; 
when the former are oxidised, a phenolic grbup is formed, while the nitro- 
gruups remain intact. 

With para- and ortho-dinitrobenzenes, sodium alkoxide replaces one 
nitro-group quantitatively, whilst with m-dinitrobenzcne no reaction occurs : 

06H,(N02)2 + CijHs- ONa = NaNO^ -|- CsH^- OC2H5. 

By boiling o-dinitrobeuzone with caustic soda, o-nitrophenol is formed : 

NO2 OH 

^NOg 4- NaOH == NaNOg + ^NOg, 

wJiile boiling with alcc.holio ammonia yields o-nitralinine : 

NO2 NHa 

/ ^NOa + NH3 = HNO3 -1- / ym,. 

NITROBENZENE, C(jH5*N02, is an almost colourless, faintly yellow, 
refractive liquid which has the sp. gr. 1-200 at and, after solidification, 
melts at 3” and boils at 208°. Owing to its pleasant bitter-almond smell, it 
is used in perfumery under the name of artificial essence of mirbane, but its 
vapour is somewhat poisonous. It is insoluble in water, but it mixes in all pro- 
portions with alcohol, ether, or benzene. 

It is of considerable industrial importance, as it forms the raw material for the 
manufacture of aniline, benzidine, quinoline, azobenzene, various explosives, &c. 

On a large scale it is prepared in wrought- or cast-iron vessels, employing 
jirecautions and methods similar to those used in making nitroglycerine {see 
p. 225). The nitro -sulphuric mixture, consisting of 120 kilos of HNOg (42° 
Be.) and 180 kilos of HgSO^ (66° Be.), is poured gradually (in 8 hours) into 
100 kilos of benzene. The mass is kept mixed by means of a stirrer, and during 
the first 5 to 6 hours is maintained at 25° by means of cold water circulating 
outfidc the apparatus. In the final phase of the reaction the temperature is 
raised by external steam to 70° to 90°, the heating being then stopped, while 
the stirring is continued for a further 6 hours. The mass is then forced by a 
suitable elevator into a tank with a conical base. The acid mixture gradually 
settles to the bottom, while the nitrobenzene floats ; the former is then drawn 
off through taps {see Nitroglycerine), and the nitrobenzene, after repeated 
washing with water, distilled in a current of steam from a vessel with a jacketed 
bottom heated with steam at 2 to 3 atmos. pressure, A second distillation yields 
moderately pure nitrobenzene. According to Ger. Pat. 221,787 of 1907, nitro- 
benzene can also be obtained by running benzene into a mixture of sulphuric 
acid and sodium nitrate at 70° to 90°. It is sold at 72s, to 1045. per quintal. 

The imports of nitrobenzene into Italy are as follow ; 11 quintals in 1900, 
18 in 1907, 138 in 1908, and 182, of the value of £874, in 1910. 
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DINITROBENZENES. By the action of fuming nitric acid or of a anitablo nitro- 
sulphuric mixture on benzene, m-dinitrobenzene is formed along with small proportions 
of the ortho- and para-compounds. The mcta -derivative crystallises from alcohol in 
colourless needles, ni.pt. 90°, and is insoluble in water, but readily soluble in alcohol or 
ether. The ortho- and para-isomerides are obtained indirectly from the corresponding 
dinitroanilines {see Aniline) by elimination of the amino -group ; both form colourless 
crystals. On reduction, m-dinitrobenzene gives first m-mtranildne and then m-'iiJmiylene- 
diamine. The crude product costs £6 per quintal, and the chemically pure 8,9. p(T kilo. 
Dinitrobenzene dust is somewhat poisonous. 

TRINITROBENZENE (symm.), C6H3(N02)3. Attempts are now being made to utilise^ 
this compound as an explosive. It is obtained by oxidising trinitrotoluene {see later) with 
sulphuric and chromic acids (Ger. Pat. 127,325) and decomposing the resultant, trinitro- 
benzoic acid by heat. 

NITROTOLUENES 

MONONITROTOLUENES, N 02 -C 6 H 4 -CH 3 (ortho-, m.pt. --10°, b.pt. 218° ; mcta-, 
m.pt. + 16°, b.pt. 230° ; para-, m.pt. + 54°, b.pt. 236°). Large proportions of the ortho- 
and para -compounds and a small proportion of the meta-compound are obtained when 
toluene is nitrated with fuming nitric acid, the relative amounts varying with t.he condi- 
tions of the reaction. Thus, if highly concentrated nitric acid (sp. gr. 1*53) is employed 
and the mass is not cooled, 65 per cent, of p-nitrotoluene is obtained ; but if such a weak 
acid is used that it scarcely reacts, and the reacting mass is cooled, 67 per cent, of o-nitro- 
toluene is formed. When toluene is nitrated with nitric and sulphuric acids, 60 to 66 ])qv 
cent, of the ortho -compound is obtained (100 kilos of toluene are added, in the course of 
12 hours, to a mixture of 100 kilos of nitric acid of 44° Be. with 150 kilos of sulphuric acid 
of 66° Be,, the mass being stirred and cooled and the decanted nitro -products washed with 
water and alkali) ; the unaltered toluene is distilled off in steam and the nitrotoluono 
eventually distilled by means of superheated steam. The ortho- and para -compounds arc 
separated by fractional distillation ; 40 per cent, of ortho -compound distils at 222° to 223°, 
then a little meta-, and above 230° the 'p-nitrotoluene. The separation of the ortho- and 
para-isomerides may also be effected by cooling to ~ 6° (Ger. Pat. 158,219, Pr. Pat.. 
350,200), when almost colourless p-nitrotoluene (melting at 64° and boiling at 230° when 
pure) crystallises out ; o-nitrotoluene is a yellow liquid, which solidities at — 10-5°, boils 
at 218°, and has the sp. gr. 1*168 at 15°. The crude mixture of these two isomerides costs 
96<s. to 112s. per quintal and is used, either as it is or after separation, for the mauufact-urc 
of toluidine, tolidine, and fuchsine, 

m-Nitrotoluene is formed in small quantity in the direct nitration of toluene {see aim 
Dinitrotoluene), but in the pure state is obtained only indirectly from m-nitro-p-toluidin(> 



by Griess’s reaction {see Aniline). Only with difficulty is it. nit.nat.ed 

further to dinitrotoluene, thus differing from the other mononitrotoluencs. Tt. has no 
important practical use, and when impure costs 4s. per kilo, and when pure 32,s‘. li forms 
crystals melting at 16°, boils at 230*5°, and has the sp. gr. M68 at 22°. 

DINITROTOLUENES, C6H3(CH3)(N02)2j <^xist in six isomeric forms, which are 
prepared and named in various ways. Denoting the methyl group by M (always in posii.ion 
1) and the nitro-group by N, the isomerides have the following configurations : 


M 

M 

M 

yi\ 

6 gN 



5 3 

N 


x/" 

m-dinitro toluene 

p-dinitrotoluene 

0 : m-dinitrotoluonc 

ordinary dinitrotoluene 

€-p-dinjtrotoluene 

1:2; 3-dmitrotohiono 

0 : p*dmitrotoluene 

2 : 5-dinitrotoluene 

m.pt, 08® 

aMimitrotoluene 

m.pt. 


2 : 4-dinitrotoluene 



m.pt. 70*5* 
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0 : o-dmitiotoluene 
j8”dniitrotolucne 
2 ’ 6-dmitrololucne 
m pt. 01® 


M 



m . in-dinitrotoluone 
S-dmitrotolucnc 
3 • 5-diiutiotoIuene 
m.pt. 92° 


M 





m . p-dinitiotoluone 
y-diTiitro toluene 
8 : 4-diuitiotoliiene 
m.pt. 00° 


Of tlio various names, the last given in each case is the simplest and clearest. 

When toluene is nitrated directly with a suitable nitro -sulphuric mixture (richer in 
nitric acid and poorer in water than for mononitro toluene) and the mass is finally heated 
almost to boiling, the main product is ordinary solid dinitro toluene (2 : 4), a hiih' trinit-ro- 
toluene and 2 ; 5-dinitrotolucno being also formed. About 35 per cent, of the crude mass 
always consists of a liquid product which is se]jarated by centrifugation and was thought 
to be another isomcride, but Claus, Becker, Nolting, and Witt have shown it to be a mixture 
of 2:4- and 2 : 6 -dinitro toluenes and 40 per cent, of mononitro toluenes (equal parts of 
])- and m- and a little o-) ; the mononitrotoluenes can be removed by distillation in a 
vigorous current of superheated steam. This orange-red mixture of liquid products gela- 
tinises collodion -cotton well and servos for the preparation of incongealable dynamites and 
powders or dynamites with ammonium nitrate as basis. 

2 : 4-Dinitrotoluene is prepared as described above and is the one in most common indus- 
i.rial use, while it serves also for making ordinary (2:4:0) trinitrotoluene. Jt is purified 
by crystallisation from alcohol or carbon disulphide and forms monoclinic crystals melting 
at 'lO-f)® ; ii^ is insolu])lo in water, slightly soluble in cold alcohol or ether, still less so in 
carbon chsul])hide (2-2 per cent.), and readily soluble in benzene. It dissolves in alkali, 
giving a r(‘d soluiion, from which acids precipitate a reddish brown substance. Fuming 
nitric, acid oxidises it slowly and in the hot gives the corresponding a : p-dinitrobenzoic 
acid, CoH 3(C02H)(N02)2. With hot, concentrated nitro -sulphuric mixture, it forms ordi- 
nary trinitrotoluene {see below). Ammonium sulphide reduces it in the cold to omitro-p^ 
toluidine (m.pt. 105°), whik^. in the hot, p-nitro-o-toluidine (m.pt. 78°) is also formed^ By 
zinc and hydrochloric acid it is reduced to tolylenediamine, 

2 : O-Dinitrotoluene is obtained along with the 2 : 4-isomeridc and accumulates in the 
mother-liquors, when mononitrotoluene (ortho) is nitrated further. It; is prepared in thc 
purc state by eliminating the amino-group from din iiro-p -toluidine (m.pt. 168°). It forms 
shining noodles, m.pt. 61°, dissolves to some extent in alcohol, and with ammonium sulphide 
gives o-nitro-o-toluidinc. 

2 ; 3 -Dinitro toluene is obtained by heating o : m -dinitro -p-toluic acid with dilute hydro- 
chloric acid for 6 hours at 265° and distilling in a current of steam, the crystals formed 
btdng pressed or centrifuged ; it separates from light petroleum solution in yellow crystals, 
m.pt. 63°. 

2 : 5-Dinitrotoluene is obtained together with the 2 : 4-dorivativo when toluene or 
nitrotoluone is run into fuming nitric acid ; it crystallises from alcohol in yellow needles, 
m.pt. 48°. Alcoholic ammonium sulphide reduces it to o -nitro -m -toluidine. ^ 

3 : 5-Dinitrotoluene is formed by eliminating the amino-group by diazotisation (see 
Aniline) from dinitro -o -toluidine (m.pt. 208°) or from m : m-dinitro-p -toluidine (m.pt. 168°). 
From water, in which it is sparingly soluble, it crystallises in needles, m.pt. 92°. It is soluble 
slightly in light petroleum, more so in cold alcolxol or in carbon disulphide, and readily in 
chloroform, ether, or benzene. It distils easily in a current of steam, and with benzene 
forms the crystalline double compound, C 6 H 3 ( 0 H 3 )(N 02)2 + OeHg. 

3 : 4-Dinitrotoluene is obtained by protracted agitation of m-nitrotolueno with concen- 
trated niixic acid (sp. gr. 1-54). From carbon disulphide (v^hich dissolves 2d9 per cent.), 
it crystallises in long needles melting at 00°. 

TRINITROTOLUENES. The following six isomerides are possible, only the first three 
being known : 
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Rudeloff (1907) is of opinion that, together with a-trinitrololncnc, two other isonierides, 
melting at 73° and 78°, are formed, but these are probably more or loss impure a-coin])ounds. 

a-TRINITROTOLUENE {ordinary or 2 : 4 : 6-Trinitrotoluene) is formed on heating 
toluene for several days or, better, 2 : 4-dinitrotoluene for some hours, with a highly con- 
centrated nitro -sulphuric mixture, the operation being begun at a low temperature and 
with constant mixing, and the temperature being raised gradually to 100°. After removal 
of the acids by decantation, the mass is washed with boiling water and purified by crystal- 
lisation from alcohol or from concentrated sulphuric acid, in which it dissolves in the hot 
(V. Vender, Er. Pat. 405,812 of 1909). 

It forms pale yellow crystals which darken under the influence of light ; it molts at 
82° and solidifies at 80*6°. At a higher temperature it undergoes partial sxiblimation, and 
when heated rapidly to 240° it sometimes explodes. It is very slightly soluble m water* 
(0*164 per cent, at 100° and 0*021 per cent, at 15 °) ; the mixture of nitric and sulpliuric 
acids containing 15 per cent, of water dissolves from 2 per cent, to 5 per cent, according 
to the proportion of nitric acid present ; 99 per cent, sulphuric acid dissolves it to the 
extent of 66 per cent, at 100° and of 10 to 12 per cent, at 20°. Alcohol dissolves 2 to 3 
per cent, of it in the cold and 25 per cent, in the hot ; it is readily soluble in ether, acK'tone, 
or benzene ,* cold carbon disulphide dissolves only 0-39 per cent. 

When non -compressed the crystals have the density 0*8 to 1, but if th(*y are fusc^d and 
allowed to solidify under ordinary pressure the density is 1 54 to 1*57 ; whiio if the solidifi- 
cation takes place under a pressure of 3 to 4 atmos. (Bichel, 1906) or with rapid cooling 
(Nobel Dynamite Co., Hamburg, 1907), the value 1*61 to 1*62 is attained. WJu^n the 
crystals are compressed in a hydraulic press to 200 to 600 kilos (or to 3000 kilos) per scpiarc' 
centimetre, they assume a density of 1*59 (or 1*68). 

When aniline is poured into an alcoholic solution of trinitrotoluene, a doubh* compound, 
C6H2(CH3)(N02)3 + CeHs-NHg, separates in red acicular crystals melting at 84°. If 
heated at 180° with ten times its weight of fuming nitric acid, trinitrotoluene is C()nvert(*<l 
into s-trinitrobenzene. While picric acid (which is now partly replaced by trinitrotohu^no 
as an explosive) readily forms with metals picrates dangerous to handk'., trinitrotoluem^ 
does not react with metals and can be manipulated safely even in the hot, shuic it burns 
slowly without exploding ; it is not hygroscopic and does not form a bitter and poisonoxia 
powder like picric acid. It is highly stable to shock, and when compressed is explockid with 
a mercury fulminate cap ; but when fused and then solidified it is exploded only by a 
detonator of moderately compressed, crystalline trinitrotoluene, which in its turn is 
exploded by a fulminate cap. The velocity of detonation in a charge 50 mm, in diameit^r 
and with a density of 1*55 is 7500 metres (picric acid, 8000 metres). 

The theoretical decomposition is expressed by: 2C0H2(CH3)(NO2)3 32CO + 2OH4 
+ H2 + 3N2, 1 kilo giving 778 litres of gases, which are incompletely burnt owing to lack 
of oxygen. ® 

The use of trinitrotoluene as an explosive was suggested prior to 1890, and attempts 
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■were made to compensate the deficiency of oxygen by addition of ammonmm nitrate. But 
it has been largely used, mainly as a result of Bichers investigations, only since 1904, and 
in the crystalline state it now forms a very important military explosive. In the com- 
pressed or solidified state it is -used for charging projectiles, grenades, &c (it does not serve 
for propelling projectiles, ovnng to its shattering power and to the abundance of fumes it 
forms on explosion). Different firms produce it tinder various names [trotyl, trohte, triUte, 
tnnol, tritole). Germany manufactures 12,000 to 15,000 quintals per annum, and Italy 
4000 to 5000 ; the price varies from 2s. 6<f. to 4s. per kilo, according as it is crystallised, 
granulated, fused, or compressed. 

For some time a plastic product called plastrotyl (Bicliel, 1906) was prepared from 
trinitrotoluene, resin, collodion -cotton, and crude liquid dinitrotoluone, but this is no 
longer manufactured. 

/3‘TRINITROTOLUENE or 2 ; 3 : 6-Trinitrotoluene is formed in small proportion with 
a large proportion of the y-isomeride {see helow) when m-nitrotoluene is boiled for a day ■^dtii 
nitric and sulphuric acids. It separates from carbon disulphide or alcohol in colourless 
crystals melting at 112°, and is readily soluble in ether, acetone, or benzene. With alcoholic 
ammonia in the hot it gives y-dinitrotoluidinc (m.pt. 94°). 

y-TRINITROTOLUENE or 2 : 4 : 5-Trinitrotoluene is formed with the /9-isomcride 
{see above), from which it can be separated in virtue of its slight solubility in alcohol or 
carbon disulphide. It forms yellowish, shining crystals, melting at 104°. When heated 
with alcoholic ammonia it forms jS-Dinitrotoluidine, 'while with aniline in the cold it gives 
Phenyldinitrotoluidine, melting at 193°. Also with aniline its hot alcoholic solution gives 
orange crystals of y-Dinitrotolylphenylamine, m.pt. 142°. 

CHLORO- and BROMO-NITROBENZENES, The para-derivatives melt at higher 
temperatures than the ineta- and these at higher temperatures than the ortho -compounds. 
This rule often holds with aromatic compounds. 

Nitration of chlorobenzene yields much para- and little ori{7io-derivative ; the meta- 
compound is prepared indirectly from m-nitraniline by transforming the ainiiio-group 
and replacing it by Halogen. 

TRINITROTERT.BUTYLXYLENE has an odour of musk and is used as a perfume. 

PHENYLNITROMETHANE, C6H5.CH2-N02, contains the nitro-group in the side- 
chain, as is shown by its method of preparation : 


CeHs-CHgCl + AgNOs - AgG + CeHg.CHa-NOa. 

Benzyl chloride 

It is obtained also by heating toluene with nitric acid (sp. gr. 1*12) under pressure. 
This compound exists in two isomeric (or tautomeric) forms, one being known as a pseudo- 
acid : (1) CgHs-CHa-NOa and (2) CgHg-CH : NO-OH (pseudo -acid) ; the former does 
not react with ferric chloride, while the latter gives a coloration. Modification (1) is a 
liquid, and its aqueous solution gives, with sodium alkoxide, the sodium salt of the pseudo - 
acid ; when the acid is liberated by means of a mineral acid it forms a crystalline product, 
which has the same composition as the original compound and gradually changes into 
this, becoming liquid. The presence of a hydroxyl group in the pseudo -acid is demonstrated 
by the formation of the characteristic dibenzhydroxamic (or dibenzoylhydroxamic) acid by 
treatment with benzoyl chloride : 

CeHs-CH: NO-ONa -f CeHs-CO-a = NaCl + CgHg-CH : NO-O-CO-CgHs 

— ^ CeHs-CO-NH-O-CO-CeHs 

Dibenzhydroxamic acid 


That these isonitro-compormds contain hydroxyl is sho'wn also by the fact that they 
react in the cold with phenyl isocyanate, while the nitro -compounds do not. 

NO2 


Similar behaviour is shown by m-Nitrophenylnitromethane, 



the 


CHg-NOg 

passage from the yellow pseudo-acid to the colourless nitro -compound is clearly shown 
by the change both in colour and in electrical conductivity, which is very high for the 
pseudo -acid (as for acids in general) and almost zero for the normal nitro -compound, into 
which it is gradually converted. 



554 ORGANIC CHEMISTRY 

These nitro -derivatives of the side chain can hence yield metallic derivatives— of ihe 
pseudo-acids ; treatment of those derivatives with acid yields the normal form, and ilie 
latter in presence of alkali is only slowly neutralised, this being characteristic of ib('. pseudo- 
acids. 

In benzene solution the true acids combine rapidly with ammonia, forming insoluble 
ammonium salts, while pseudo-acids combine only slowly or not at all with ammonia-. 

G. AMINO-DERIVATIVES OF AROMATIC HYDROCARBONS 

When the hydrogen atoms of benzene are replaced by amino-groups or the 
hydrogen of ammonia or of a primary aliphatic amine by phenyl-groups, the 
resulting products are or tri-cLMiTies in the first case and sscoudciTy 

and tertiary amines in the second. 

Some of the aromatic amines are similar to but weaker than the aliphatic 
bases, the phenyl group being somewhat negative in character compared with 
the positive alkyl groups. 

Aromatic amines form salts with acids and double salts with platinum 
chloride. In contact with the vapours of volatile inorganic acids they form 
white fumes in the air in the same way as ammonia ; they distil undecomposed. 
The diamines are more highly basic than the monamines. 

Isomerides of the amines are formed when the amino group enters side 
chains. 

1 . PRIMARY MON AMINES 

Primary, secondary, and tertiary aromatic monamines are distinguished by 
the same reactions as are used for aliphatic amines (by nitrous acid, &c. ; see 
p. 201). 

Formation, {a) Mono-, di-amines, &c., are usually obtained by reducing 
the nitro-derivatives with tin or stannous chloride and hydrochloric acid, 
or with iron and acetic acid, or with ammonium sulphide, &c. : C6H5*N02 + 
6H = 2H2O -f OeHg-NHa. The reduction may also be effected electrolytically 
{see later, p. 566). 

(6) By heating phenols (or, better, nitrophenols or naphthols) with ammo- 
niacal zinc chloride at 300°, primary amines are readily obtained with small 
proportions of secondary amines : CgHs^OH -f NH3 = H^O + 

(c) By heating secondary and tertiary bases (sxibstituted amines) with 
concentrated hydrochloric acid at 180°, C6H5*ISr(CH3)2 + 2HCI = C'^Hr/NHa 
+ 2CH3CI ; at higher temperatures the alkyl chloride reacts with the mujkuis, 
giving homologous amines higher than the original one : OcH5*]StH2 + (IH/'l 
= 06H4(CH3)-NH2, HCL In the same way, trimethylphcnylammonium iodide 
yields mesidine hydriodide, 0<5H2(CH3)3*NH2, HI (the methyl grou’i)s of the 
nucleus never assume the me^a-position). 

Properties. The primary monamines are liquid or solid and turn brown 
in the air. With acids they form crystalline salts soluble in water, but with 
carbonic acid they do not give salts, so that they may be liberated from their 
salts by means of sodium carbonate. With platinum chloride they form double 
salts (platinichlorides), e.g. (C6B[5*NH2, HC1)2, PtCl^, which are only slightly 
soluble and serve for the separation of these bases. 

With methyl iodide they form secondary, tertiary, and quaternary com- 
pounds : CeHs-NH-CHg, HI — CeH5*.N(CH3)2, HI — beH5*N((lH3)3l ; 
the base can easily be separated from the acid by caustic soda. 

Benzaldehyde reacts with aniline, forming benzylideneaniline ; OcHg-OHO 
+ C6H5*NH2 = HyO + OgHj-CH : N-CgHg, while acetaldehyde gives ethyli- 
denediphenyldiamine : 

■ 2 C,Hs-NHs + CHa-CHO = H*0 + 
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The action of the organic acids on amines gives acianilides, which are 
decomposable by alkali : 

CeHg-NH^ + OHg-COOH = H^O + CgHs-NH-C^HgO. 

Acotaiulidc 

When heated with chloroform and alcoholic potash, the primary aminos 
form isonitriles {carbylamines), which have most unpleasant odours. With 
carbon disulphide they give thioureas, which with P2O5 give mustard oils of the 
aromatic series. 

With nitrous acid (or nitrites) in acid solution, amines yield diazo- or 
diazoamino-compounds, these giving phenols when boiled with water. Where 
the amino-group is in the side-chain, .no diazo-derivative is formed. 

Aniline, see later. 


2. SECONDARY MONAMINES 

These are basic in character, not when they are purely aromatic compounds, 
but only when they contain also aliphatic radicals. These mixed derivatives 
are obtained from primary amines by treatment with methyl iodide and, if 
the acetylated primary base is employed, the simultaneous formation of 
tertiary base is avoided : C^Hg-NH-COCHg + CH3I = HI + CgHg-N^CHg) 
(COClig) ; the acetyl group may be removed by subsequent hydrolysis. 

The secondary bases may be separated from the tertiary by means of 
nitrous acid (potassium nitrite), with which the former yield nitrosamines : 
CeH5-NH-CH3 + NO-OH = HaO + CeH5*N(NO)-CH3, which are neutral 
compounds, insoluble in water. When these nitrosamines are hc^ated with 
hydrochloric acid (alcoholic), the NO group passes into the benzene nucleus : 
CeH5-N(NO)-CH3 gives CeH4(NO)-NH-CH3. 

Pure aromatic secondary monamines are obtained by heating the primary 
bases with the corresponding hydrochlorides : 

CgHg-NH^ -f CeHg-NHg, HCl = (CeHg)2NH + NH,01. 


3. TERTIARY MONAMINES 

These are formed by alkylating primary or secondary bases. 

Triphenylamine is obtained from bromobenzene by the action of dii)()tassio- 
aniline ; 2C6HgBr + C^Hg-NKg = 2KJ3r + (06H5)3N. 

The purely aromatic tertiary monamines are not basic in character, and 
hence do not form salts. They do not give isonitriles with chloroform, ot‘ 
mustard oils with CSg. 

With alkyl iodides they form quaternary compounds. When they an^ 
treated with nitrous acid, the NO group enters the benzeme nucleus, this 
reaction distinguishing these bases from the tertiary bases of the fatty seric's. 

4. QUATERNARY BASES 

These are analogous to the corresponding aliphatic compounds. Trimethyl- 
phenylammonium Hydroxide, C6H5*N(CH3)30H, for exampk^, is strongly 
alkaline, colourless, and bitter, and is decomposed on heating. 

5. DIAMINES, TRIAMINES, TETRAMINES, ETC. 

These are obtained by reducing the corresponding nitroamino- or polynitro- 
derivatives ; thus Tetraminobenzene is formed from dimtro-m-diaminobenzane. 

The polyamines give various reactions with nitroso -compounds of tertiary 
amines, with certain azo-dyes, &c. 

The diamines and polyamincs are soKd substances, which distil unde- 
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composed and are soluble in hot water. They are colourless, but turn brown 
ill the air with a rapidity increasing with the number of amino-groups ; they 
give characteristic colorations with ferric chloride. 

The ORTHODIAMINES form Anhydro-bases or Benziminazoles, e,g. 

C 6 H 4 \^^ Further, aldehydes react with the hydrochlorides 


of diamines, forming Anhydro-bases or Aldehydo-bases. 

Glyoxals yield Quinoxaline, &;c., while nitrous acid gives Azimino- 


compounds, e.g. Aziminobenzene 


{aminoazophenylene), CgH 








■N. 


m-D I AMINES give, with nitrous acid, yellowish brown colouring-matters 
{Bismarck brown : sensitive reaction). With diazobenzene chloride they yield 
azo-dyes (chrysoidin). When oxidised together with p-diamines, they give a 
blue colour which becomes red on boiling. 

p-DI AMINES, when oxidised with Mn 02 + H 2 SO 4 , yield quinone, C 6 H 4 O 2 , 
and a homologue with a peculiar odour ; some of them give colouring-matters 
when treated with solutions of hydrogen sulphide and ferric chloride. 

ANILINE (Aminobenzene, Phenylamine), CgH^-NHa, was discovered in 
1826 by Unverdorben among the products of the dry distillation of indigo and 
was called crystalline, since with acids it readily formed crystalline masses. 
It was then found also by Runge in 1834 in coal-tar, and he named it kyanol 
or blue oil, since with hypochlorite it gave a blue coloration and its salts a violet 
coloration. 

hi 1841 Fritsche obtained it by distilling indigo with potash, and he termed 
it, after the native name of the plant, anil,'’ aniline. In 1842 Zinin gave the 
name benzidam to the product obtained by reducing nitrobenzene with ammo- 
nium sulphide. The identity of these various substances and their true con- 
stitution was proved by Hofmann in 1843. 


Industrially it is prepared by treating nitrobenzene with nascent hydrogen produced 
by the action of hydrochloric acid on iron filings or, better, turnings, as was proposed in 
1864 by B^champ, who first used acetic acid m place of hydrochloric ; 

CeHe^NOa + 6HC1 + 3Fo = CeHs-NHs + SFeCla + 2 H 2 O. 

The quantity of HCl consumed is, however, only one-fortieth of the theoretical amount, 
so that after a certain point the reduction is perhaps continued by the action of the iron 
on water in presence of ferrous chloride: 2Fe + CeH5-N02 + 4 H 2 O = 2Fc(OH)3 -1- 
OsHs'NHg. The apparatus for manufacturing aniline consists of a cast-iron cylinder (the 
lower half is furiaishcd with a discharge tap and is replaceable, as it corrodes rapidly) 
provided with a cover, through which pass a vertical stirrer worked by toothed wheels 
and a direct- steam coil. The cover is also fitted with a refl.ux condenser and a hopper with 
a wooden plug for the introduction of the iron turnings, A tube fixed laterally to the lower 
part of the reflux condenser carries off the aniline distiQing with the steam to a condensing 
coil on one side. The operation is carried out as follows : 300 litres of water, 180 kilos of 
iron turnings, and 60 kilos of concentrated hydrochloric acid are kept stirred in the cylinder 
while 760 kilos of nitrobenzene are introduced. The reaction is started by a jet of direct 
steam, and is afterwards maintained by gradually adding moist iron turnings up to a total 
quantity of 660 kilos ; these additions are made over a period of 6 to 7 hours and are 
arranged so that the mass is kept hot, but the reaction is allowed to calm down before 
fresh iron is introduced. If the reaction becomes violent, benzene and ammonia are formed 
instead of aniline. A further quantity of 100 to 160 kilos of iron turnings is added. The 
nitrobenzene evaporating with the water is condensed in the reflux condenser. At the 
end of the operation the vessel contains aniline, aniline hydrochloride, ferric oxide and 
0 - and p-toluidines, together with a little unaltered nitrobenzene and some impurities 
such as azobenzene, &c. Thick milk of lime is then added until the reaction is strongly 
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alkaline, and tlio mass distilled with superheated direct steam. The condensed distillate 
separates into two layers, the lower one of aniline and the upper one of water containing 
2 to 3 per cent, of aniline in suspension or solution ; this lower layer is used in the reduction 
of suhseq^uent quantities of nitrobenzene. The decanted aniline is purilicd by distillation 
from an iron still. The decomposition of the aniline hydrochloride by milk of lime takes 
place according to the equation : 

2 O 6 HS.NH 2 , HOI + Ca(OH )2 - CaClg + 2 H 2 O + 2 O 6 H 5 .IS 1 H 2 . 

A purer product is obtained by rectification of the aniline in a vacuum apparatus. 

It has also been proposed (Ger. Pat, 184,809) to reduce nitrobenzene by means of 
sodium bisulphite in the hot. 

At one time the nitrobenzene employed was obtained from crude 90 per cent, benzene 
containing toluene, the resultant product being a mixture of aniline and toluidine, which 
served well for the preparation of certain dyes. But nowadays it is often regarded as 
preferable to start from pure benzene and pure toluene separately and to mix the aniline 
and toluidine subsequently in the required proportions. 

Aniline can also be obtained by other processes which have not yet been applied on 
a large scale, e.gr, by passing a mixture of nitrobenzene vapour with excess of hydrogen 
(or water-gas) over reduced copper turnings heated to 300° to 400° ; the copper as 
a catalyst and remains unchanged (Ger. Pat. 139,457). Some importance is now being 
assumed by the electrolytic process, according to which nitro -derivatives can be converted 
into amino -derivatives m presence of metallic salts (e.g. copper salts), which also separate 
at the cathode [see p. 666), 

Aniline is a liquid which, boils at to 184°, has the sp. gr. 1*024 at 16 , 
and solidifies at - 8° (or - 20° it impure). It is colourless and refractive, but 
becomes brown in the air at a rate increasing with the proportion of impurities 
present. It is soluble in alcohol, ether, benzene, fatty oils and, to a slight 
extent (1 : 30) in water, and it dissolves sulphur (in the hoi), phosphorus, 
camphor, indigo, a little water (in the hot), &c. ; it is readily oxidisahle. It 
distils easily and completely in steam, and its vapour is somewhat poisonous ^ 
and combustible. As a base it is weaker than ammonia in the cold but stronger 
in the hot, but its aqueous solution does not react with litmus or turmeric 
paper. Although it is a weak base, it precipitates salts of zinc, aluminium, 
and iron, and in the hot it displaces ammonia from various salts. 

With formaldehyde it gives a characteristic (for aniline and for the aldehyde) 
condensation product, (CgH5* N : 0112)3, nielting at 40°. With chloride of lime a 
solution of aniline becomes intensely blue if pure or violet if impure^ (sensitive 
reaction), the colour rapidly changing to brown ; if the aniline solution is very 
dilute this coloration does not appear, but a red colour will then form on further 
addition of a few drops of ammonium hydrosulphide, minimal traces (1 : 250,000) 
of aniline being thus detectable. Aniline or one of its salts forms p-amino- 
benzenesulphonic acid with concentrated sulphuric acid, but in prcscjice of a 
drop of potassium di chromate solution a fine blue colour is produced which 
disappears very rapidly ; in dilute solution a green and then a black colour 
(aniline black) is formed. Different methods of oxidising aniline give varied 
products : azobenzene, nitroso- and nitro-benzene, ^-phenylhydroxyjaminc, 
p-aminophenol, quinone, p-aminophenylamine, violaniline (with arsenic acid). 
Oxidation of a mixture of aniline and toluidine yields fuchsine, while a mixture 
of aniline and p -diamine gives safranine.^ Chlorine transforms dry aniline into 

^ Anilme acts on the neivoiis system, and even when its action is slight the edges of the Ups are i,unu‘d bluish 
and an effect similar to drunkenness is produced, but the face becomes pale and. the appetite fails j in such cases 
Epsom salts aie administered as purgative, alcoholic liquors being harmful. Clothes soaked in aniline may 
produce serious poisoning, the Ups becoming dark blue or even black, and giddiness so acute as to cause collapse 
When this happens, recourse should be had to excitants or ablution or to small doses of ether administered 
internally. Benzene and nitrobenzene vapours are also injurious to health. 

For the making of anilme black and other dyes, the following qualities of aniline are placed on tho market 
dfvUiMe oil for which is almost pure aniline, b.pt. 182° to 186°, sp. gr. 1*034 to 1*036 i ctfiUiuc oil for icd^ con 
eistmg of about 1 part of aniline and 2 parts of 0 - and p-toluidines and boiling at 190° to 108“ ; unilim oil for 
gafranine, »p. gr. 1*032 to 1*034, containing 85 to 50 per cent, of aniline and 50 to 65 per cent, of o-toluidme 
Aniline oil is tested commercially by measuring the fractions distilling at different temperatures from 100 grms’ 
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a tarry substance, while in presence of water trichloraniline and trichlorophenol 
are formed. The action of calcium hypochlorite on a solution of aniline in 
chloroform yields azobenzene. 

In 1909 Germany imported 639 quintals of aniline and exported 78,835 quintals 
(70,452 in 1908). According to the official statistics, Italy imported the following 
quantities of aniline oil and salt : 426 quintals in 1908 ,* 577 in 1909 ; 3695, of the value 
of £20,680, in 1910. But these figures are obviously inaccurate, and private information 
shows that the Italian consumption (nearly all imported) must exceed 8000 quintals 
per annum, one-half of this being aniline salt (hydrochloride) and the other oil. In 1911 
England exported aniline and toluidine oils to the value of £39,814. 

Chemically pure aniline costs 2s. to 4^. per kilo ; aniline oil for blue and for black costs 
1045. to 1125. per quintal, and that for red 1205. to 1525. ; lower prices than these some- 
times prevail. Aniline salt costs about 105. less per quintal than the oil. There is no import 
duty on the oil or salt in Italy. 

Some of the more important salts and derivatives of aniline and its homologues are 
as follow : 

ANILINE HYDROCHLORIDE (Aniline Salt), CeHg.NHs, HCl, is obtained pure and 
dry in white crystals by passing a current of dry hydrogen chloride into an ethereal solu- 
tion of aniline. It molts at 198° and partly sublimes, and boils unchanged at 245° ; it 
dissolves readily in water or alcohol, but is insoluble in ether. For price, see above. 

It is prepared industrially by neutralising aniline at 100° with concentrated hydro- 
chloric acid, free from chlorine. After standing for some days, crystalline aniline salt 
separates out, this bemg centrifuged and dried at 50° ; the mother-liquors are then evapo- 
rated and crystallised. In the air the white scales assume a reddish or greenish tint. In 
presence of HCl its aqueous solution imparts a yellow colour to pine-wood or older -pith. 

ANILINE SULPHATE, (C6H5-NH2)2, H2SO4, is only slightly soluble in water. 

Various other salts of organic and inorganic acids are known. 

ANILINE PLATINICHLORIDE, (CeHs-NHs, HCDs, PtCl4, forms yellow leaflets 
dissolving readily in water and, to a less extent, in alcohol. 

METHYL ANILINE, CoHs-NH-CHg, is obtained by lioatmg aniline hydi'ochloyide 
with methyl alcohol (free from acetone) at 200° in an enamelled iron autoclave. It is a 
colourless liquid, sp. gr. 0*976 at 15°, b.pt. 191°, with an odour resembling, but stronger 
than, that of aniline. With chloride of lime it gives first a violet and then a brown colora- 
tion. The corresponding nitrosamino, CeH 5 *NO-CH 3 , is obtained by methylating phenyl- 
nitrosamine or by treating mcthylaniline with nitrous acid. It forms a yellow oil which 
distils unchanged only in a current of steam and gives Liebormann’s reaction, characteristic 
of the nitrosamines and of various nitroso -derivatives ; this reaction consists in the forma- 
tion of a dark blue coloration when the nitroso -compound is heated with phenol and 
sulphuric acid and the liquid then diluted with water and neutralised with potash. 

DIMETHYLANILINE, C6H5‘N(CH3)2, is a mixed tertiary amine and is obtained 
by heating aniline hydrochloride with methyl alcohol, methyl chloride being formed as an 
intermediate product and reacting with the aniline. If, however, dimethylanilme hydro - 
chloride is heated with gaseous hydrogen chloride at 180°, methyl chloride and aniline 
arc formed. When dimethylaniline is heated to a high temperature, the alkyl groups pass 
into the nucleus. The hydrogen in the para -position of these dialkylamincs is readily 
replaceable by different groups ; thus, the action of nitrous acid yields p-nitrosodimethyl- 
aniline, which forms green crystals and gives a yellow hydrochloride. Permanganate 
converts the NO group into NO 2 , giving nitrodimethylaniline (m.pt. 162°), while boiling 
with caustic soda results in the elimination of dimethylamine and the formation of nitroso- 
phenol, NO •C 6 H 4 - OH. It gives a' straw-yellow coloration with chloride of lime and reacts 
with aldehydes and various other compounds. 

DIPHENYLAMINE, CgHg-NH-CeHs, is obtained by heating aniline with its hydro- 
chloride : 

CeHe-NHa, HOI + CgHg-NHa = NH 4 CI -h CeHs-NH-CeHs. 

of the oil ill a suitable distilling flask fitted with a thermometer graduated in fifths of a degree from 150® to 225^ 
the heating bemg carried out on a sand-bath. The best qualities of aniline oil give 95 to 98 per cent of distillate 
between 182® and 185®. It is also advisable to make small dyeing tests with aniline black in order to ascertain 
which of the different aniline oils and salts on the market gives the finest and most intense black laUr, Dyeing 
Processes). 
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It melts at 54° and boils at 310°, and forms a very sensitive i‘cagent for the d(‘tc‘ction of 
traces of nitric acid, with which, in presence of concentrated sulpimric acid, it gives an 
intense bine coloration (also given with nitrons acid and various oxidising agents ; see 
Detection of Nitrates in Water, voL i, p. 214), ^ 

Varions nitro- and nitroso-derivativcs arc known, as well as triphenylamme, 
which crystallises in large/plates melting at 127° and distils nnchanged. 

BENZYLANILINE (Benzylphenylamine), ib obtained (‘iiher 

by heating benzyl chloride (1 mol) with aniline (2 mols.) or by reducing thiol cnzaniltde, 
OgHs ‘ OS . NH . CeHs, It forms crystals melting at 33° and boils at 310°. 

ANILIDES arc derivatives of aniline in which one or both of the hydrogen atoms of 
the amino-group of aniline are replaced by one or two inorganic or organic acid rcnsidu(\s ; 
in the latter case, compounds of considerable interest are formed. 

ACETANILIDE (Antifebrin), CeHs-NH-COCHs, is obtained by boiling a mixture of 
aniline and glacial acetic acid for a couple of days in an earthenware vessel fitted with a 
reflux condenser : 

CeHs-NHa + CH3 . CO • OH = HgO + CeHs-NH-COCHs. 

It is purified by repeatedly crystallisiJg or distilling, best in vacuo. It molts at 113°, boils 
at 295°, and dissolves in 174 parts of cold or 18 parts of boiling water or in 3| parts of 
alcohol ; it is readily soluble in ether or chloroform. The hydrogen atom united to nitrogen 
can be replaced by metals (Na, K, &e.). It causes considerable lowering of the temperature 
of animal organisms, and is hence used as an antipyretic. It costs about 2*\ 6d. per kilo. 

Di- and Tri-acetanilides have analogous properties, and Methylacetanilide, 
C 6 H 5 -N(GH 3 )-C 0 CH 3 , is used under the name of emlpn as a specific against headache. 

PHENYLSULPHAMINIC ACID, CeHs-NH-SOgH, is obtained by the action of 
sulphur trioxide on the amine, and is very unstable except in the form of salts. 

CHLORACET ANILIDE, C6H4C1-NH.C0CH3, exists in three isomeric forms: the 
ortho -compound, melting at 88° ; the nicta-, at 72*5° ; and the para-, at 172°. Tlu‘ eliloro- 
aiid bromo -derivatives of acetanilide and other anilides arc obtained by the action of 
chlorine or bromine on the anilide or by the interaction of acetyl chloride and the substi- 
tuted anilines. Another series of isomerides is that in which the substitution is in thes acud 
group, €.g. Phenylchloracetamide, CgH 5 *NH'CO*CH 2 Cl (m.pt. 134°), which is obtained 
from cMoracetyl chloride and aniline. Phenyldichlor- (m.pt. 118°) and plienyltnchlor- 
acetamide (m.pt. 82°) are also known. 

NITRACET ANILIDE, N02-C6H4-NH.C0CH3. The throe isomerides are obtained 
by the action of acetyl chloride on the corresponding nitranilincs ; the o -compound iiK'lis 
at 92° (yellowish crystals), the m- at 142°, and the p- at 207°. 

PHENYLACET ANILIDE (Diphenylacetamide), (C«H 5 )oN-CO-CH 3 , is oI)taim^d by 
treating a benzene solution of diplienylaminc with acetyl chloridf' ; it nuiis at. t)9-5°. 

‘ 'bENZANILIDE (Phenylbetizamide), CcHs-NH-COCkHs, ls prepaivd from b(‘nzoyl 
chloride and aniline and melts at 162°. It is very stable, but is decomposed f>y fusion with 
alkali. It is iiisolu ble in water, but dissolves m alcohol. 

PHENYLGLYCOCOLL{Phenylaminoaceticor Anilidoacetic Add), CoH^-NH-CHa' 
CO 2 H, is obtained by protracted heating of chloroacctic acid (1 mol) and aniline (2 mols.) 
with water. It forms crystals melting at 127°, gives characteristic nunxiiiry and cjoppca- salts, 

* .CHa 

and when heated at 150° gives up water and yields the aiibydrido C(j H q • N<^ | , iiuiting at 

263°. 

HOMOLOGUES OF ANILINE, POLYAMINES, AND THEIR DERIVATIVES 

^ee Table, p. 555) 

ORTHO- and PARA-TOLUIDINES, CHs-CeH^-NHg, arc obtained by reducing 
the corresponding nitro -compomids. Since the three isomerides arc formtjd simnItant‘ously 
in the nitration of toluene, reduction yields a mixture of the three toluidiiies (m-ioluidino 
in small amount). In order to separate them, the mixture is poured into a solution of 
oxalic acid containing hydrochloric acid and the liquid hcatoel to boiling ; the p-toluidino 
oxalate, which is only slightly soluble in water and insoluble in ether, is then separated, 
the filtrate containing the soluble hydrochlorides of the other loluidines. Also Wiilfing 
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has shown that only amines which have the para-position free can be converted (by HCl + 
NaN02) into the corresponding aminoazo-derivatives, the nnaltered p-toluidine being 
them separable by distillation in steam. p-Toluidine can also be separated* by cooling, since 
it frc(‘zcs first. The tolnidmes are distinguished from aniline by the different solubilities 
of the nitrates, hydrochlorides, and acetyl-derivatives. p-Toluidine, like the meta -com- 
pound, costs double as much as the ortho -isomer ido. o-Tolwf^ine, which is also found in 
coal-tar, is a liquid (sp. gr. 1-09) boiling at 199° and turnmg brown in the air. p~ToJuidine 
is a solid melting at 43°, and boils at 198° ; it is sparingly soluble in cold water, but dis- 
solves readily in alcohol, ether, or benzene. The toluidines are used in the manufacture of 
dyes, 

m- TOLUIDINE is obtained indirectly by nitrating acetylated p-toluidine, the 
compound CH3/ ^NH • COCH3 being thus formed ; the acetyl-group is then elimi- 
NO2 

nated by boiling with hydrochloric acid and the amino-group by diazotisation. Reduction 
of the resultant m-nitro toluene yields m-toluidine, 'which is a colourless oil (sp. gr. 0*998 
at 25°) boiling at 197°. The crude product costs 4a. per kilo and the pure ten times as much. 

XYLIDINES. Six isomerides arc known (see Table, p.-555), and all are formed together 
by nitrating crude xylene and reduemg the resulting nitro -compounds ; the most im- 
poitant is m-xylidine. Various methods of separating the different xylidines are known, 
almost all of them being patented and based on the varying solubilities of the acetates 
and hydrochlorides of p- and m-xylidines. The separate isomerides are prepared pure 
from the corresponding pure nitro -compounds. 

BENZYL AMINE, • CH2 * NH2, is isomeric with the toluidines and behaves like 

the ammes of the aliphatic series. It is obtained together with di- and tri-benzylamine 
by heating benzyl chloride with ammonia. It is a colourless liquid of ammoniacal od(5ur 
and boils at 185° ; it has an alkaline reaction and is a more energetic base than aniline, 
the amino-group being further removed from the benzene nucleus, which has a somewhat 
negative (acid) influence. 

' PH ENYLENEDI AMINES, C6H4(NH2)2, arc obtained by reducing the corresponding 
dinitrobcnzcnes or nitroanilincs 'with iron and hydrochloric acid. m-Phenylenediamine is 
also obtained by electrolysing in-nitroanilino in aqueous saline solution in presence of a 
cathode of copper or of powdered copper (Gcr. Pat. 131,404). It forms acicular crystals 
melting at 63°, boils at 287°, and readily undergoes change in the air ; its hydrochloride is, 
however, stable. It is used in the manufacture of dyes and also as a reagent for detecting 
traces of nitrous acid, with which it forms a brownish yellow coloration (Bismarck brown), 
p-Phenylenediamine is obtained by the reduction of aminoazo benzene (dissolved in aniline) 
with hydrogen sulphide, or, more easily, by heating p-dichlorobenzenc or p-chloraniline 
with ammonia in presence of a copper salt (Ger. Pat- 204,408). It melts at 147°, boils at 
267°, and forms crystals which are soluble in water and blacken a little in the air ; i^hen 
pure it costs 405. per kilo, the commercial product being'teold at about 145. As well as for 
making dyes, it is frequently employed for lair by oxidising it with hydrogen 

peroxide, but its use for this purpose should be prohibited owing to its poisonous properties 
{see helow, p-IJolylenodiamine). Its asymmetric dimethyl-derivative, NH2*06H4-N(CHJ)2, 
is used in presence of ferric chloride to detect traces of hydrogen sulphide {methylene Urn 
being formed). 

o-Phenylenediamine is of no practical importance. 

Commercial m-phenylcnediamine costs about 65. and its hydrochloride 75. ^r kilo, 
the pure products costing about six times as much. 

TOLYLENEDIAMINES, C6H3(CH3)(NH2)2* The most common of these is the 0 ; p- 
corapound, i,e, the one with the amino-groups in the 2 and 4 positions and the methyl 
group in the position 1. It is obtained by reducing the corresponding dinitrotoluene (see 
p. 550) with iron and hydrochloric acid and is used for making dyes and, together with 
sodium sulphite, for dyeing hair, as it does not seem to be injurious to health, as p-phenylene- 
diamino is. It costs about I65. per kilo. 

NITROANILINES. Concentrated nitric acid acts very energetically on 
aniline, and in order that the nitro-groups may he introduced into the benzene 
nucleus without the amino-group being attacked, either the amino-group is 
acetylated or the nitration is carried out in presence of a large proportion of 
n 36 ^ 
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concentrated sulphuric acid. In the former case, ortho- and, to a still greater 
extent, para-Nitroacetanilide,N 02 -C 6 H 4 -NH-C 2 Hg 0 , are obtained, the acetyl 
group being then removed by hydrolysis with HCl or KOH ; in the secoiul 
case a mixture of m- and p-nitroanilines, together with a little of the ortho- 
compound, are obtained. The ortho- and meta -derivatives distil unchanged 
in steam. Boiling with alkali results in the elimination of the amino-groups 
and the formation of nitrophenols. 

PICRAMIDE, (N02)sC«H 2-NH2, is a yellow substance meltiug at 188° ; on 
hydrolysis it gives picric acid. 


H. NITROPHENOLS, AMINOPHENOLS 

NITROPHENOLS. The ortho- and para-compounds are obtained mixed 
by treating phenol with dilute nitric acid, a larger proportion of the para- 
derivative being formed in the cold and of the ortho- in the hot. The latter 
is volatile in steam, and can hence be readily separated from the former. 

m-Nitroaniline gives m-nitrophenol only by passing through the diazo- 
componnd, but o- and p-nitroanilines give the corresponding nitrophenols 
when simply fused with potash. 

Nitrophenols are more markedly acid than the phenols and decompose the 
alkali carbonates, forming Nitrophenoxides. 

NO2 

PICRIC ACID (Trinitrophenol), N02<^ ^OH, was discovered in 1771 

NOs 

by Amato di Welter, but was first used as a dye and much later as an 
explosive. It is formed by the action of concentrated nitric acid on various 
substances, such as silk, wool, indigo, &o., and by the oxidation of s-trini- 
trobenzene with, potassium ferricyanide. Further nitro-groups cannot be 
introduced directly into picric acid. 

It is prepared industrially as follows : equal weights of sulphuric acid (66° Be.) and 
pure phenol are heated at 120° in a cast-iron vessel and continually stirred until a sniall 
portion of the mass dissolves in water without separation of phenol. The phciiolsidphonic 
acid thus obtained is poured into two parts of cold water and the solution introduced 
gradually into earthenware jars containing 65 per cent, nitric acid (sp. gr. 1 400) in the 
proportion of 3*5 parts per 1 part of phenol. The jars arc surrounded by a water-batli 
and are covered over so that the nitrons fumes, which are at first freely ovolw'd, may 
drawn off. Towards the end of the reaction the water-bath is lieated to boiling, stagfbs 
of the process are represented by the following equations : 

(1) CeHs-OH + H2SO4 - H2O + OH-CeH^'SOaH ; 

(2 ) OH:*CoH 4*S03H 4- 3HNO3 = 2H2O -h H2SO4 + 0H‘C3H2(N02)3. 

When the mass is cool it solidifies, and it is then centrifuged and washed with a Hftlo 
water ; by this means the picric acid crystals can be efficiently separated from the moihcT- 
liquor. The acid can also be prepared by the following process, the details of which W) 
kept secret by the various manufacturers : To pure crystallised phenol (in.pt, 40°), fused 
in a number of pear-shaped retorts by means of indirect steam, is added a mixtun^ of 
nitric and sulphuric acids in proportions varying in ditoent works. When tho reaction 
is finished, the clots of picric acid formed are fused and allowed to fall into a trough con- 
taining cold water, with which they are kept stirred, tho water being repeatedly renewed 
until washing is complete. The crystallised picric acid is centrifuged, again melted and 
run into cold water, the size of the yellow scales separating out increasing with the t^om- 
perature of the fused acid ; the crystals are then centrifuged, spread out on tables, and 
iied in a current of air at 40° to 60°. 
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A suggestion has been made to prepare picric acid in the cold, as follows (Fi\ Pat, 
,"^45, 44] ) : 1 part of crude phenol is stirred into a mixture of 10 parts of nitric acid (sj). gi\ 
1 *4) with 3 parts of denatured alcohol, the mass being poured into hot water at the end 
of the reaction ; the yield is good, but part of the alcohol is oxidised and lost. When plienol 
is dear, aniline is sometimes used, being converted into the sulphomc acid, ddazotised, 
and treated with the theoretical quantity of nitric acid (Ger. Pat. 125,096). 

Properties. Picric acid forms yellowish, very bitter, and somewhat poisonous 
leaflets, which melt at 122*5° and have the sp. gr. 1*7635 or, in the fused state, 
1*62. It burns without exploding, but if it is heated in a closed vessel, or if 
its vapour is superheated, it may explode with great violence. In the open, 
mercury fulminate is not able to explode it, a detonator of dry guncotton 
(or lead picrate) with a mercury fulminate cap being necessary. When it is 
exploded in a closed vessel, its shattering effect is double that of dynamite. 

One hundred parts of water dissolve 0*626 part of picric acid at 5°, 1*161 
part at 15°, 1*225 part at 20°, or 3*89 parts at 77°. It is readily soluble in 
alcohol, and benzene dissolves 8 to 10 per cent, of it at the ordinary tempera- 
ture. In aqueous solution it is dissociated to some extent and shows a marked 
acid action. The yellow colour of its aqueous solution is due to the anion ; in 
light petroleum it gives a colourless solution, and is hence non-ionised. 

It is non-volatile in steam. Its hydroxyl -group is highly reactive, owing 
to the presence of the three nitro-groups. The potassium and ammonium salts 
are exploded by percussion, whilst the free acid requires a detonator. 

With many aromatic hydrocarbons it forms well-crystallised, molecular 
compounds which serve for the identification and separation of the hydro- 
carbons ; picric acid is eliminated from these compounds by ammonia. 

With potassium cyanide it gives a characteristic and sensitive coloration (isopwpvrio 
acid). With nitron acetate it gives a precipitate of nitron picronitrate, 020^1 
CgH 30 (N 02 ) 3 , which is insoluble in extremely dilute aqueous soli;tions acidified with 
sulphuric acid, and can he filtered off, washed with water, dried at 110 °, and weighed. 

]sr=c — 

NITRON has the structure N *00115 'NN'OoHs, and in proacnce of acetic acid 

I 

CoHb-N—CH ^ 

precipitates NO 3 ions from very dilute solutions even when nitrites are also present. 

The decomposition of picric acid on explosion has not been thoroughly 
investigated, but is represented approximately by the equation ; 

C6H2(0H)(N02)3 = 6CO + H 2 O -f 3N + H ; 
the acid is hence too poor in oxygen to give the maximum effect, the carbon 
monoxide and hydrogen not being oxidised. 

Uses. Picric acid is employed in the preparation of certain organic compounds and 
was at one time used for dyeing silk and wool yellow, but the colour is not very stable. 
It is now mostly used as an explosive, either as acid or in the form of ammonium or potas- 
sium salt, these exploding at 310° or on percussion (^ee Explosives, pp. 215 ei seq,). Melinite, 
a very powerful explosive suggested by Turpin for filling grenades, is merely picric acid 
which has been fused in a tinned vessel ,* it is poured into the empty grenade, tlie interior 
of which is also tinned. 

B!rom ammonium picrate and ammonium salts of trinitrocresol, sometimes with addition 
of potassium nitrate, powerful and stable explosives are obtained, those bearing various 
names {lyddite, ecrasite, &c.). 

In 1905 Germany produced 10,350 quintals of picric acid (at £9 per quintal) for export 
alone. 

AMINOPHENOLS, NHg'CgH^-OH, are crystalline, colourless substances, 
which turn brown and resinify in the air. They are formed by reducing 
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nitropTaenols and form salts only with acids. 25-Aminophenol, melting at 183®, 
is obtained by electrolytic reduction of nitrobenzene in acid solution ; it is 
stable in a solution of sodium sulphite and is used thus as a photographic 
developer under the name rodinal. Methyl-p-aminophenol, or metol, also 
serves as a developer. 

Aromatic pTiofograpMc developers {see voL i, p. 800) should contain several 
hydroxyl- or amino-groups, or at least one group of each kind ; if the hydrogen 
of the hydroxyl- and amino-groups is partly replaced, the compounds lose 
their developing properties, unless some of these groups remain unchanged. 


AMINO ANISOLES (Anisidines), NH2-C6H4-OCH3, and Phenetidines, NH2 -GgH 4. 
OO2H5, are used in making azo-dyes and are similar to anilme. Glacial acetic acid yields, for 
example, PHENACETIN (Acetyl-?)-phenetidine), CH3.CO. OC2H5, Phenetole 
being *002115. Phenacetin is used as an antipyretic and antinonralgic and forms 

colourless and tasteless white crystals, m.pt. 135°, whicli arc soluble in alcohol and slightly 
so in water. It costs about Qs. per kilo. 

DIAMINOPHENOL (1 : 2 : 4) is obtained from the dinitrophenol and forms the photo- 
graphic developer, amidol (see above), 

DIHYDROXYDIAMINOARSENOBENZENE is the product prepared by Ehrlich 
and Bertheim as hydrochloride and placed on the market in 1910 under the name salvarsan 
or 606. It is a straw-yellow powder, dissolving in water to an acid solution, and it contains 
34 per cent, of arsenic. It also hears the name Hata, since it was Dr. Hata, of the Ehrlich 
Institute, who first injected it into animals and found it to be highly efficacious in cases 
of syphilis in rabbits, who were able to withstand a certain dose of the preparation. It 
was applied to man by Alt in the case of a syphilitic paralytic, and was subsequently largely 
used with success by Iversen. 

Salvarsan is a specific remedy for syphilis, the spirochetes being killed in 24 to 48 hours 
and the S5rphilitic symptoms disappearing rapidly even where treatment with mercury or 
iodine is without effect. The cure seems, however, to be very painful, relapse and secondary 
effects sometimes occurring. The firm of Meister, Lucius und Briining (Hochst, near 
Erankfort), who make salvarsan, sold a million pounds’ worth of it in 1911. 

THIOPHENOL (Phenyl Hydrosulphide), CeHs-SH, is obtained by heating phenol 
with phosphorus pentasulphide or by reducing benzenesulphonic chloride, C(jH5 -80201. 
It is a liquid of very unpleasant odour and exhibits the characters of the mercapians. 

It readily forms salts, that of mercury, (06H6S)2Hg, for example, crystallising in needles. 
When oxidised in ammoniacai solution, thiophenol yields Phenyl Disulphide. (CQH5)aS2. 
melting at 60°. 

Phenyl Sulphide, (06Hs)2S, is obtained from thiophenol and diazobenzene chloride, 
and has an alliaceous odour. 


AMINOTHIOPHENOLS, NH2 CgH4-SH. 

densation products of the type ^GH, 


The ortho -compound readily forms Con- 
or of greater complexity, sucli as prinm- 


line (a yellow dye diazotised on the fibre), which is obtained by heating p-tolnidino with 
sulphur and then sulphonating. When heated with sodium sulphide and sulphur, p -amino - 
phenol yields Vidal black, which colours cotton in an alkaline and reducing bath of sodium 
sulphide. The black thus obtained is brilliant and stable, like most of these sulphur dyes. 

PHENOLSULPHONIC ACID, OH*C6H4*S03H, is obtained from phenol and con- 
centrated sulphuric acid or, better, from benzenesulphonic acid. The ortho- and para- 
compounds are preferably formed, and the former is transformed into the latter on luxating. 
The meta -derivative is prepared indirectly. The ortho -compound is us(‘d as an antiseptic 
under the name sowUc ac%d or aseftol. 
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I. AZO-, DIAZO-, AND DIAZOAMINO-COMPOUNDS AND 
HYDRAZINES 
1. AZO-DERIVATIVES 

Thcfc are intermediate reduction products of nitro-compounds and contain 
a characteristic group of two nitrogen atoms, each of which is united to an 
aromatic group. 

In acid solution hydrogen reduces nitro-derivatives directly to aromatic 
amines, but in alkaline solution two benzene nuclei condense and become 
joined by two nitrogen atoms. In this way the following compounds can be 
obtained from nitrobenzene ; (1) Azoxybenzene, CgHj-IT — N-CgHj;; (2)Azo- 

benzene, C6H(,-N : N- CsHs ; (3) Hydrazobenzene, CcHg-NH-NH- OcHg. 

Reduction of nitrobenzene with zinc dust in neutral solution yields Phenyl- 
hydroxylamine, CoH^-NH-OH. 

When aliphatic amines are oxidised, the alkyl groups are detached in the 
form of acids and ammonia is generated, hut the aromatic amines yield 
important intermediate compounds, e>,g. azoxy-derivatives. 

AZOBENZENE (Benzeneazobenzene), CeHs-N : N’CeHs, is obtained by reducing 
nitrobenzene with a solution of stannous chloride m excess of potassium hydroxide or by 
distilling azoxybeiizenc with iron filings. It forms orange-red crystals melting at 68° and 
boils at 295° without decomposition ; it is insoluble in water and is volatile in steam. On 
reduction in acid solution it yields benzidine : 

/ ^NHa. 

Higher liomologucH, such as Azo toluene, are also known. 

AZOXYBENZENE is formed by oxidising aniline with potassium permanganate in 
alkaline solution or, better, by boiling nitrobenzene with alcoholic potash. It forms pale 
yellow crystals melting at 36°. When heated with concentrated sulphuric acid, it is con- 
verted into HYDROXYAZOBENZENE : 

CoH^.N --- N.CoHs OeHfi.N: N.O6H4.OH. 

\o/ 

Elfdroxyazo-compounds arc formed also by the action of diazo -compounds on phenols 
(especially resorcinol and the naphthols) in presence of alkali ; 

QHq.Ns.OI + CgHs-OK- 06H5-3Sr:N.C6H4.0H + KCL 

These compounds form yellow, red, or brown crystals, readily soluble in alcohol but 
insolublf^ in water. They are azo-dyes [tropceolins), 

AMINO AZOBENZENES arc obtained by the following methods, which introduce the 
amino-group into the para -position. Aminoazobenzene itself is formed by nitrating azo- 
benzeno and reducing the mononiiroazobcnzene thus obtained ; or by transposition of the 
diazoamino -compounds {see p. 569), and hence indirectly from diazobenzene and a primary 
or secondary amine ,* or by coupling diazo -compounds with tertiary amines, in which case 
the aminic hydrogen of the aminoazo -compounds is substituted. If the aminic group 
cannot enter the para-position, owing to this being occupied, the reaction becomes more 
difficult and o -aminoazo -derivatives are formed. The interaction of diazo -compounds with 
m-diamines yields iiaminoazohenzenes, which are yellow, red, or brown dyes and are termed 
Chrysoidines, OoH^-Na-Cl + C6H4(NH2)2 ^1101+ OeHg.N : N.CeH3(NH2)2 (chrysoidine). 
The amino-group of p-aminoazobenzenea can also be diazotised, giving diazo -compounds, 
which again react with amines to form a group of substances called bisazo-compotmds or 
ternzo^compounds, e.g, OoH^-N : : N -Wi -NHo f irisazo -compounds arc also 

known. Those substances are used for Biebrich scarlet, croccine, &c* 
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HYDRAZOBENZENE, CsHs-NH-NH-CeHs, is obUinod by rcducmg azobcnzenc 
or nitrobenzene with zinc dust and alcoholic potash, and forms colourless crystals melting 
at 126°. With energetic reducing agents it gives aniline, while oxidishig agents (F0CI3 or 
atmospheric oxygen) convert it into azobenzene. 

Under the action of a strong acid it undergoes transformation, oven in the cold, into 
Benzidine {diaminodiphenyl) : 

/ \_NH-NH— ^ — s- NKg/ [benzidine) 

which forms a sulphate only slightly soluble in cold water. The formation of benzidine in 
this way shows that it contains the amino-groups in the para -positions, and this is con- 
firmed by the fact that this transformation does not occur with a hydrazobenzene in 
which the para -hydrogen is replaced by another group. 

U r* 

Electrolytic Reduction of Nitroderivatives. This has been studied more especially by 
Gattermann, Haber and Elbs, who found that, in the electrolytic conversion of nitro- 
benzene to aniline in acid solution, various intermediate products are formed, the 
primary ones being ; 

CeH-sNOs — > C6H5-NO — ^ CeHs-NH-OH CeHs-NH^: 

Nitrobenzene Nitrosobenzene Phenyibydroxylamine Aniline 

while in alkaline alcoholic solution two secondary reactions occur, the niirosobenzene first 
formed reacting with the phenylhydroxylamine formed later, giving azoxybenzene : 

CoHg-ISrH-OH + CeHs-NO - HoO + CeHg-N -- N-CeHs, 

\o/ 

this being subsequently reduced to hydrazobenzene, which reacts with the excess of nitro- 
benzene, forming azobenzene and azoxybenzene. 

The reduction of hydrazobenzene to aniline requires a tension at the cathode much 
greater than suffices for the formation of nitrosobenzene and phenylhydroxylamine ; with 
U47 volts, only traces of aniline are formed. 


2. DIAZO-DERIVATIVES 


In the diazo -compounds of the aromatic series (discovered by P. Uriess in 
1860) the characteristic group, — Ng— , is united to only one aromatic radical 
{aryl, Ar) and to an acid residue (X). This group therefore forms two scries of 
compounds. 

(1) Diazonium salts, in which one atom of nitrogen is penta valent as in 
ammonium salts. Hantzsch showed their structure to be : Ar-Kf : N. 




(2) True diazo-compounds with two tri valent nitrogen atoms, Ar*N : N*X ; 
these exist in two stereoisoinerio forms {see p. 22), the somewhat unstable 
syn-diazo-com’pounds, Ar’N, and the stable anti-diazo-GomponudBj Ar*N. The 


X-N N-X 

two groups Ar and X are far apart in the a?^k'-eompounds, so that they cannot 
easily react, these compounds hence being the more stable. The cyanide of 
antidiazo-p-oMorobenzene, Cl* 0 eH 4 *N, is not decomposed by i)owdered copper 


N-CN 

and, on the other hand, cannot have the constitution of a diaz;onium salt, 
Ch06H4*N ; N, which, like ammonium salts, should be colourless (whereas 
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A 

the cyanide is yellow) and should have an alkaline reaction and conduct the 
electric current in aqueous solution ; neither of these properties is shown by 
this cyanide, although they are found with the analogous diazoanisole cyanide, 
: N. 

ON 

The antidiazotates behave partly like acids and the corresponding pseudo- 
acids. Indeed, antidiazo-hydrate gives the reaction for hydroxyl and forms 
a conducting aqueous solution ; it is unstable and is converted by acids into 
the nitrosamine (pseudo-acid), which no longer gives the reactions for hydroxyl, 
does not conduct, has a neutral reaction, and in dry ethereal solution does 
not form the ammonium salt with ammonia (as, for example, Phenylnitro- 
methane does). By alkali the nitrosamine is immediately reconverted into the 
antidiazotate : 

Ar*N Ar‘N-H 

Ir-OH N :0 

Antidiazotate Nitrosamine 

Preparation. The gradual addition of sodium nitrite (1 grin. -mol.) solution 
to a solution of the salt of the amine (1 grm.-mol.) cooled with ice results in 
the formation of the soluble diazonium salt : 


GeHs-NH, 


23 

Aniline nitrate 


HNO3 + NO- OH = 2 HaO + CeHg-Na-NO, 


Phenyldiazonium nitrate 


(JeHg-NHa, HCl + NO- OH = 2H2O + CeHg-Na-Cl. 

Aniline hydrochloride Phenyldiazonium chloride 


These diazonium salts are highly explosive when dry, so that they are 
always used in aqueous solution, when they are completely harmless. 

In these compounds the group behaves like the ammonium 

cation and with strong mineral acids gives neutral salts, while the salts formed 
with carbonic acid have alkaline reactions, since, hke the alkaline carbonates 
{see vol. i, pp. 91 and 436 ), they readily undergo hydrolytic dissociation. 

These salts have extremely high conductivities, and hence are dissociated 
like potassium and ammonium chlorides, and like these, too, they form diazo- 
nium flatinichloride, ( 06 H 5 *N' 2 'Cl) 2 PtCl 4 . The hydroxide, 06 Hg-N‘ 2 - 0 H (from 
the chloride + AgOH), is known, although it has not yet been isolated ; it is 
soluble, colourless, and strongly alkaline. All these reactions indicate the 
existence of a pentavalent nitrogen atom in the group No. Two constitutional 

CeHg-N : N 


formulae arc hence possible : OgHg* N : NX and 




; various reactions 


indicate the latter to be the more probable (.see above). 

There are various ways of eliminating the nitrogen from diazo-compounds 
in the free state, union taking place between the benzene nucleus and the 
other group joined to the N2 complex : 

{a) By heating the aqueous solution of a diazonium salt a phenol is formed : 
CcHg^NyOl + H2O = CeHg-OH + Ng + HOI. 

(6) When a diazonium salt is heated with alcohol the benzene nucleus unites 
with the alkoxy -group : 


CeHg-N2-HS04 + C2H5-OH == CeH5*0-C2H5 + N2 + H2SO4 


under certain conditions, however, the alcohol is oxidised and aldehyde libe- 
rated along with the nitrogen : 


N02^CeH,-N,-Cl + GJi,-OIL = OeHg-NOg + Ng + HCl + CHs-CHO. 

p-Nitrodiazobenzone chloride Acetaldehyde 
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(c) When a diazonium chloride is treated with cuprous chloride dissolved 
in concentrated hydrochloric acid (Sandmeyer), the chlorine (or other halogen) 
is introduced into the nucleus : C6H5’N201 = CgHs-Cl + Ng. The same result 
is produced by finely divided copper, which, however, acts catalytically 
(Gattermann) . 

(d) The cyanogen group is introduced into the nucleus by the action of 
potassium salt in presence of a copper compound ; 

GeS.^N.Cl + KCN = KCl + Ufa + C^HVON. 

Bonzonitnle 

This is a general reaction for obtaining (by subsequent hydrolysis) aromalic acids. 

(e) Dry diazobenzene chloride, when treated with benzene in presence of 
aluminium chloride, gives diphenyl : 

CeHsN^Cl + CeHs = + HCl + 

With tertiary amines, diazonium salts condense in the para-position, giving 
aminoazo-derivatives : 

CeHsKaCl + G,ILMOn,), = HCl + C.Hs-N : 

Diazonium salts also form hydroxyazohenzenes {see p. 565). 


DIAZOBENZENE CHLORIDE (Phenyldiazonium Chloride), C0H5-N2-C1, forms 
colourless needles soluble in water and is obtained by the action of moist AgOl oil the 
corresponding bromide ; the bromide is obtained in nacreous scales by the interaction of 
ethereal solutions of bromine and diazoaminobenzene (tribronioanilino remains in the 
solution). 

DI AZOBENZENE NITRATE (Phenyldiazonium Nitrate), C6H5-N2-N03, is the salt 
which is most widely used, and is obtained by passing nitroso-iiitric fumes into a cold 
ethereal solution of diazoaminobenzene or into an aqueous paste of aniline nitrate until 
this is dissolved ; to the filtered liquid are added the triple volume of alcohol and then 
ether until the nitrate separates in colourless needles. It is readily soluble in watc'r but 
insoluble in ether, benzene, chloroform, &c. It has a strong acid reaction and is easily 
exploded by shock. 

DI AZOBENZENE SULPHATE (Phenyldiazonium Sulphate), CoHr, -N^ • HSOi, is best 
obtained by treating a concentrated solution of crude diazobenzene nitrate with moderately 
concentrated sulphuric acid, precipitating several times with excess of alcohol and willi 
ether, and allowing to crystallise in a desiccator. It forms crystals which are readily soluhk^ 
in water and deflagrate at 100°. 

DIAZOBENZENE PERBROMIDE, C6H5*N2 ’Brs, is prepared by the action of hydro- 
bromic acid and bromine water on diazobenzene salts. 


/ 


-N.-OH 


DIAZOBENZENESULPHONIC ACID, CeH j is known as anhydride, 


/Ns 


"‘SOsH 


I > aud is obtained by adding a mixture of sodium sulphanilate and sodium 

nitrite to dilute sulphuric acid. It forms white needles readily soluble in wat(‘r, and is 
used to prepare azo-dyes. 


With KOH, phenyldiazonium hydroxide forms a potassium compound, OyHg.NFa.OK, 
and hence behaves as an acid besides as a base. But as it cannot be assumed that ilu‘se two 
functions are exhibited to such marked extents by one and the same substance, Hantzsoh 
supposes that, in aqueous solution, it forms a mixture of phenyldiazonium hydroxide, 


III and syn-diazohenzene hydroxide, CoH5-N;N-OH, so that tlio general 
is 

reactions mentioned above would be explained thus : 


CeHg.N : N + H-OH - HCl + OcHg-N : N*OH 


(^olhrOH + N :N. 


01 
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None of iho reactions referred to above can be explained well without assuining the 
passage of dlazonimn salts with penta valent nitrogen into true diazo -compounds with 
tnvalent nitrogen ( -■ N N -- ) (6‘ee above). 

3. DIAZOAMINO-DERIVATIVES 

These contain the aininodiazo-group, — N = N — NH — , and are yellow, 
crystalline substances which do not combine with acids. They are obtained 
by adding to diazo-salts (freshly formed in solution) primary or secondary 
amines, e.g. aniline hydrochloride ; the separation of the yellow crystalline mass 
is hastened by addition of concentrated sodium acetate solution : 

(JeHs-Na-Cl + GeH^-NHa = HCi + CsHs-N.-NHOeHs* 

To 2 mols. of aniline and 3 mols. of hydrochloric acid, kept cool with ice, is 
slowly added 1 mol. of sodium nitrite, the liquid being then precipitated with 
concentrated sodium acetate solution. 

They are also formed directly from free aniline and nitrous acid, in which 
case diazobenzene hydroxide must be regarded as an intermediate product : 

{a) CoHs- NH 2 + HNO, - H,0 + CeH^- OH ; 

(6) OcHs-Ng- OH + CeHs-NH, = H^O + CeH^-KyNHCeH^. 

With nitrous acid in acid solution, diazoamino -compounds are converted 
into diazdnium salts, the remaining aminic residue, — NHCgHg, being diazo- 
tised : 

CeHs-N : N-NHCeH^ + HNO^ + 2HC1 = 2 H 2 O + 2CeH5-N,CL 

When heated with aniline hydrochloride, diazoaininobenzene solution yields 
aminoazobenzene, which is a colouring-matter from which others are derived. 
In this transformation, which is common to all diazoamino-compounds, the 
aniline hydrochloride acts catalytically and takes no part in the reaction ; 
the amino-group is carried to the para-position with respect to the diazo- 
group, or, if this is occuj^ied, to the ortho-position : 

CeHj,- N : N- NHCeHs — CeHs* N : N- CcH4- NH.,. 

Uiuzoaininobenzcno Amiiioazobciizeuo 

Jt has been shown by H. Goldschmidt that the velocity constant of this 
transformation increases with the amount of the catalyst (aniline hydrochloride), 
and the catalytic powers of the different amine salts are proportional to their 
degrees of dissociation in water. 

4. HYDRAZINES 

These compounds are obtained by reducing diazonium salts with a hydro- 
chloric acid solution of stannous chloride : 

GAN, Cl + 4H = CeHs-NH-NH,, HCI. 

Phenylhydrazme hydrochloride 

The use of aodium sulphite in place of stannous chloride gives first the 
diazosulphonate, which, when treated with zinc dust and acetic acid and 
subsequently boiled with hydrochloric acid, gives phenylhydrazine hydro- 
chloride ; this salt separates out, being only slightly soluble in water and less 
so in acid. 

The throe stages of the reaction are as follow ; 

(a) OeHgNaOl + Na^SOs = CeHs-N^- yOgNa + NaOI. 

Diazobeiizcne chlontlc Sodium diazobonzeiiesulphouato 

(6) GfiH^* N 2 ‘ S03Na 2H == C3H5*NH‘NH*S03Na. 

Sodium pheiiylhydrazinesulphonate 

(c) OeHs-NH NH-SOsNa -|- H,0 ^NaHSO* + 

Phenylhydrazine 
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PHENYLHYDRAZINE, C6H5-NH‘NH2, is the most important member of this group 
and has a basic characters forming well-crystallised salts. Tt is a colourlcHa, oily liipiid 
which turns brown in the aii* ; it dissolves only slightly in water, melts at 17 * 5 °, and 
boils at 241 ° with slight decomposition. With energetic reducing agents it foi’nis a-niline 
and ammonia, and with oxidising agents {e.g, chloride of lime) it can form diazonium 
compounds, but usually nitrogen is eliminated with formation of water and licnssoiic. It 
gives characteristic reactions with lactones, sugars, aldehydes, and ketones {see pp. 20 () 
and 210 ). 

The constitution of phenylhydrazine is proved by the fact that nitrosometliylaniline, 
06H5.N(CH3)-N0 (obtained from the secondary amine, meihylanilino, CoHr-NK -CH y, 
by the action of nitrous acid), on reduction, yields as.^ihenylniethjlhydrazine, 
C6H5.i^(CH3).NH3, which can also be obtained from plienyihydrazinc by the aclion 
of metallic sodium (this replaces the iminic hydrogen) and subsequently of methyl 
iodide : 

CeH5.NH.NH2 — > OeHg.N.NHa — > 0eH5.N.NH2. 

Na OH 3 

Replacement of the aminic hydrogen by an acid residue yields hydrazides (a ancI/ 3 ), which 
give a reddish violet coloration with sulphuric acid and potassium dichroinato. The 
hydrazides are insoluble in water and may hence be used for the precipitation of soluble 
acids. 

DIPHENYLHYDRAZINE, (C6H6)2N*NH2, is obtained by reducing Diphenylnitro 
samine, (C 6 Hg) 2 N.N 0 , in alkaline solution with zinc dust and acetic acid. It is a base 
boiHng at 34 ° almost without decomposition, and oxidising readily in the air ; its salts arc 
unstable. It is insoluble in water and hence reduces Pehling’s solution only slightly, oven 
in the hot. With concentrated sulphuric acid it gives a blue coloration. The action of 
oxidising agents distinguishes' it from the isomeric hydrazobenzene ; t]io latter gives 
azobenzene, whilst diphenylhydrazine yields in the cold Tetraphenyltetrazone, 
(C6H5)2N.N: N-N(C6H6)2, and in the hot diphenylamino and violet colon ring- maiicTS 
with abundant evolution of nitrogen. With nitrous acid, hydrazobenzene forms nii-i’oso- 
denvatives, whilst diphenylliydrazine, like other secondary hydrazines, gives cliplienyi- 
nitrosamine and nitrous oxide. 

BENZYLPHENYLHYDRAZINE, C6H6*CH3*N(C6H5)*NH2, iH obtained from plioiiyh 
hydrazine and benzyl chloride. Benzylhydrazine, CeHs-CHg-NH -NHo, boiling at 135 '’ 
(in vacuo), is also known. 

? 5 -NITR 0 PHENYLHYDRAZINE, obtained from ;^-niiranilinc, forms yellow erysialH 
and is a useful reagent for aldehydes and ketones. 

/ 3 -PHENYLHYDROXYL AMINE, CeHs-NH-OH, is obtained by the gentle oxidation 
of aniline or the cautious reduction of nitrobenzene with zinc dust and wat er, and forms 
colourless crystals melting at 81 °. With oxygon it gives ;;p-amin()])heu()i, with oxygi^n 
azoxyhenzene and with diolnomato nitrosobenzono. The a-iBomorido, NH2*OC'yH5, iw 
of little importance. 


L. AROMATIC ALCOHOLS, ALDEHYDES, AND KETONES 

In these compounds the primary alcohol group, the aldehyde group, or tlio 
ketonic group forms a side-chain to the benzene nueleus and shows all the 
general properties of these groups. Di- and trihydric alcohols are also known, 
e.g. Phthalic Alcohol (ortho); Xylylene Alcohol (para), 08H4((.lH)j- OH)^ ; 
Phenylglycerol, CgHg- CH(OH)- OH(OH)- CH^- OH. 

BENZYL ALCOHOL, CeHs-CHa-OH (disoovercxl by (lanuizmi’o in IHblf), iHisomerii! 
■vvitli the cresols, CH3 .CeH4.OH, and is obtained by IJio interaction of bonstyl (sblorido 
and potassiam. acetate and subsequent hydrolysis of the acotyl-dorivativo tlnis obtained, 
or, better, by the action of aqueous potassium hydroxide on bon?, aldehyde : 

2 CeH 6 .CHO + KOH = C4H5.CO2K aBHs.Oe^.OH. 

The alcohol readily gives benzyl chloride when treated with PClg. On oxidation 
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it gives first benzaldoliydo and then benzoic acid, its'’constitution being thus proved. It 
forms simple and mixed ethers and esters. It differs from aliphatic alcohols by resinifying 
with sulphuric acid. It has the characters of a true alcohol and is hence insoluble in alkali 
(unlike the phenols). It is slightly soluble in alcohol and boils at 206°. 

Various higher homolocjues are known: Tolylene Alcohols, CH3 . C6H4 . CHa • OH ; 
Cumyl Alcohol (p-), C3H7.C6H4.CH2. OH, &c. 

Styryl Alcohol, CgHg • CH : CH . CH2 * OH, containing an unsaturated side-chain, is found 
as ester (styracin) in storax ; it forms acicular crystals with an odour of hyacinth. 


With alcoholic potash aromatic aldehydes are partly oxidised and partly 
reduced, benzaldehyde, for instance, being converted into potassium benzoate 
and benzyl alcohol : 

2C6H5- CHO + KOH = CO^K + G^K^- OH. 


With dimethylaniline or phenol these aldehydes give derivatives of Tri- 
phenylmethane : 

CgHs- CHO + 2C6H5- OH = H^O + G,Ii,‘ CH<( 

^CgH^* OH. 

BENZALDEHYDE, CeH^-C^ , occurs in the Amygdalin, C20H27NO11, of bitter 


almonds in the form of a glucoside. It is a liq[uid of pleasant odour and dissolves slightly in 
water ; it boils at 179°, has the sp. gr. 1 05 and forms hitter almond oiL It oxidises easily 
ajid forms crystalline products with bisulphites, while it combines with hydrogen, hydrogen 
cyanide, &c., forming an oxime, a hydrazone, &;c. With ammonia it gives Hydro- 
benzamide, JlCeHs-CHO + 2NH3 = 3H2O + (CeHs • CH)3N2. It is formed by distilling a 
mixture of calcium formate and benzoate and also by oxidising benzyl alcohol. 

Until recently it was prepared industrially by heating benzal chloride under pressure 
with milk of lime and calcium carbonate : 


C0H3.CHCI2 + Ca(OH)2 - CaCls + CeHs-CHO + HgO. 


Nowadays, however, it is obtained more conveniently by treating benzene with a gaseous 
mixture of carbon monoxide and hydrogen chloride in presence of CU2CI2 or AIBt^ (Ger. Pat. 
126,241). 

Pure benzaldehyde may also bo readily obtained by oxidising toluene {e,g. with Pb02 
and H28O4), a mixture of 40 per cent, of the aldehyde with 60 per cent, of unaltered toluene 
being obtained (Ger. Pat. 154,499). One hundred kilos of this mixture and 400 litres of 
water are treated with sulphur dioxide until about 26 per cent, is absorbed. In this way 
all tJio aldehyde passes into solution (improvement on the use of sodium bisulphite) and 
(ian bo decanted from the undissolved toluene. It is then sufficient to heat the sulphurous 
Holution slowly from 30° to 100° to eliminate aU the sulphur dioxide which is passed into a 
further portion of the aldehyde mixture. After cooling the solution, almost the whole of 
the benzaldehyde is obtained in a pure state and the mother-liquors are utilised in succeeding 
operations so that the small amounts of aldehyde remaining dissolved may not be lost. 

Commercial benzaldehyde and that for industrial uses costs about 3s., the pure product 
about 4:8., and the chemically pure about 95. Qd. per kilo. For industrial purposes, it 
should have a specific gravity of 1*052 to 1*054, and should distil completely in a current 
of hydrogen between 170° and 180°. Its solution in concentrated sulphuric acid should 
be only slightly brown and it should dissolve completely in sodium bisulphite. Any 
benzoic acid present can be titrated with phenolphthalein as indicator. 


HOMOLOGUES OF BENZALDEHYDE are obtained by treating aromatic 
hydrocarbons with gaseous hydrogen chloride and carbon monoxide in presence 
of AICI 3 or OU 2 CI 2 . The first product obtained under these conditions is probably 
formyl chloride, which then reacts thus : 

X* OoHs + Cl* CHO == HCl + X.C 6 H 4 -OHO. 

Aldehydes are also obtained from ethyl chloroxalate and aromatic hydro- 
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carbons in presence of AICI3, the ketonic ester obtained being hydrolysed and 
the acid subjected to dry distillation in order to expel CO3 : 

X- CgHs + Cl- CO- COOCA = HCl + X- CoHp CO- COOC3H5 ; 

X- CgHp CO - COOC2H5 = X- OeH,!- CHO + COa- 
The action of HCl and HCN on aromatic hydrocarbons also yields alde- 
hydes, aldines being formed as intermediate products : 

C^He + HCN -f HCl = CeHs- CH : NH, HCl. 

JBcnzalcliiic Ilydiochloi ido 

CeHs-OH : NH, HCl + H^O = CeHs-CHO + NH,C1. 

CINNAMALDEHYDE, CsHb-CH: CH-CHO, is an oil of pleasant odour, boiling at 
240 ° ; it is volatile in steam and is separated from cinnamon oil, of which it is the chief 
constituent, by means of sodium bisulphite. 

NITROBENZALDEHYDES, NOa-CoH^-CHO, are prepared in various ways. The 
ortho -compound is obtained either from o-nitrobenzyl chloride or by oxidising 
o-nitrotoluene. It forms colourless crystals melting at 46 ° and with acetone and caustic 
soda leads to the synthesis of indigo. 

Nitration of benzaldehyde yields mainly the m-compound, together with 20 per cent, 
of the o-derivative. 

CUMIN ALDEHYDE (Cuminob Isopropylbenzaldehyde), C3H7-C6H4- CHO, occurs 
in Roman cumin oil. 

AROMATIC KETONES 

ACETOPHENONE, CoHs-CO-CHa, is obtained by distilling calcium acetate with 
calcium benzoate or, better, by treating benzene with acetyl chloride in presence of 
AIOI3. 

It forms crystals melting at 20 ° and boils at 200 ° ; it dissolves only slightly in water, 
has a pleasant smell, and is used as a hypnotic under the name of hypnone. On oxidation 
it gives either benzylformic acid or benzoic acid and carbon dioxide ,• halogens give produed s 
substituted in the side-chain. 

BENZOPHENONE (Diphenyl Ketone), CbHb-CO-CoHs, is obtained cithci- by thedi-y 

distillation of calcium benzoate or by the action of benzoyl chloride on benzene in pi’cscncc 
of Aids. Its behaviour is similar to that of aliphatic compounds, and with hydrogen it 
formsBenzhydrol, C6H5-CH(0H)-C6H6, andBenzopinacone, (Co-H 5)2 = 0 (CJ(jH|i)2. 

OH OH 

When fused with potassium hydroxide, it gives benzene and potassium benzoate : 
C6H5.CO.CcH3 + KOH = CgHc + CcHc-COOK. 

Benzophenone exists in two modifications which difier physically : an unBt'al)lc form, 
m.pt, 27 °, and a stable form, m.pt. 49 °. 

CeH^x 

DIPHENYLENEKETONE, [ /CO, is the koiono corresponding with diphenylene- 

CeH/ 

methane {see later), and is obtained by heating phonantliraquinone wiih lime. Wit h uasc^ent 

CeH^x 

hydrogen it gives Fluorene Alcohol, | pCH-OH (colourless scales, m.})t. 151 }°), and, 

C6H4/ 

when fused with potash, Diphenylcarboxylic Acid, C6H6.C6H4.(K)2H. 

Polyacetones, such as Benzoylacetone, C6H5.CO*CH2-C^U*CH3, and Acetophenone- 
acetone, CeHs . CO ■ CH2 * CHg • CO • CH3, are also known. 

Condensation of benzaldehyde with acetophenone or acetone in preseiKHi of NaOK 
gives unsaturated ketones: Benzalacetone, CcH^-CH : CILCKl-CH^ (m.pt. 41 °); 
Benzalacetophenone (chalhone), CeHs-CH ; CH .CO-CgHf, (m.pt. 58 °). 

AROMATIC OXIMES present intercstiilg cases of isomerism (,vee])i).22and 
210). Thus, Benzaldoxime is known in two forms : Ii(|ui(l anli-henziildoMmt, 
which boils unaltered, and solid ayn-benzaldoxime, which readily loses water 
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CgHs* C- H = H,0 + C.Jlry C *: N, 
(with acetic anhydride), forming benzonitrile : H 

N - OH 

Under these conditions the anti-aldoxime gives an acetyl-derivative, so that 
the two aldoximes can be distinguished in this way. 

With Icetoximes two isoinerides are formed only when the two groups united 
to the carbonyl group are different : 


X - C - X' 

II and 

N - OH 

sipi 


X-C - X' 

II 

OH -N 
anti 


~ C - CeHg 

Thus, Benzophenonoxime, || , does not form isoinerides, 

N - OH 

which are, however, obtained if a hydrogen atom of one of the benzene groups 
is replaced by a halogen, alkyl group, &c. 

The ketoximes show Beckmann’s transposition,^ in which the isomeric 
kctoximes, which have different melting-points, give rise to two different 
substituted amides according as the transposition takes place with the group 
X or X' (.see Note). 


BENZALAZINE, QHg-CH : N-N : CH-CeHg, is obtained by the condensation of 
2 mols. of bonzaldehyde with 1 mol. of hydrazine (sulphate), and forms yellow crystals 
melting at 93°. 

BENZALDEHYDEPHENYLHYDRAZONE, CeHs'CH : N-NHCcHg, forms colourless 
crystals melting at 132° and forms stcreoisomerides. 


M. AROMATIC HYDROXY- ALCOHOLS, HYDROXY- ALDEHYDES, 
AND KETONIC ALCOHOLS 


To = saligenin 

CfiH 

- OH 

^ ^ |_p J alcohols 


OoH4< 


OH 

CHO 


[o = salicylaldehyde 
- m) hydroxybenzalde- 
[p / hyd&s 


/OH 4 

OgHj^OH 3 protocaieohuic aldehyde 06 H 4 < 

^CHO 1 


OCH 3 p = anisic alcohol 
CH 3 • OH (m.pt. 45° , b.pt. 259°) 


C«H4< 


OGH3 

CHO' 


p = anisaldehyde 


/OH 

CeH3^0CH 

^CHO 


3 


/OH 4 

CjHss— OCH 3 3 vanillic alcohol 

^CHs- OH 1 
4 

3 vanillin 

1 


The Beckmann transposition la that obtained with ketoxinaea in general by treating thorn with aoety Ichloride 
or concentrated sulphuric acid or, in some cases, merely by fusion. The oxygen of the oxime changes places 
with a radical united to the ketonio carbon giving a substituted amide, an unstable, tautomeric, hydroxyl com- 
pound being probably formed as an intermediate product : 


X- 0 *X' 

II 

X-OH 




The structure of the isomeric syn- and anti-oxiines can be determined by Beckmann’s reaction, 
the above oxune is the anti-compound, the tfansposition with the syn-isomcnde would be as follows 


X-C‘X’ 

II 

0|l*x 


0 C*X' 



Thus, 
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The three isomeric hydroxy benzyl alcohols are known, their melting-points 
being as follow : o-, 82° ; m-,' 67° ; p-, 110°. The most common of thes(' is : 

SALIGENIN (o-Hydroxybenzyl Alcohol, see above), OH-CoHt CHg-OH, ocoOTring in 
the gkooside salicin, from which it can be obtained by the aclion of emnlsin, ihyalin or 
dilute acid (Piria, 1845) : 

CcHuOs-O-CeHi-CHa-OH + H2O = OH.OoHi.CHa.OH -1- OoHiaO,, (g/imsr). 

It is soluble in alcohol, ether, or boiling water and gives a dark blue coloration with ferric 
chloride. 

AROMATIC HYDROXY ALDEHYDES, or phenolic aldehydes, are obtained (1,) by ihe 
action of chloroform and caustic potash on phenols: CgHs-OH + 4KOH + CHClj =- 
3KC1 + SHgO + CH0-C6H4-0K ; or (2) by the action of hydrocyanic and hydrochloric 
acids on phenols in presence of aluminium chloride or zinc chloride, aldm< liydroohlorides 
being formed as intermediate products. 

With difficulty by oxidising agents, but readily by fusion with alkali, these aldehydes 
give the corresponding hydroxycarboxylic acids. They reduce ammoniacal silver solution 
but not FeJiUng's solution. With alkali they give soluble alkali phenoxides which form 
the alkyl derivatives of the phenols when treated with alkyl iodides. 

SALICYLALDEHYDE (o-Hydroxybenzaldehyde), 0H-Cc,H4-CH0, is found in ihe 
volatile oil of Spircea ulmaria. Its synthesis by means of chloroform is indicated above 
and it is separated from the p -aldehyde formed at the same time by distillation in steam. 
It is a liquid, b.p. 196°, sp. gr. I-I72 at 15° ; it dissolves to some extent in water and gives 
a violet coloration with ferric chloride. Like all o-hydroxy-aldehycles it colours the 
skin yellow. 

ANISALDEHYDE {see above) is obtained by the cautious oxidation of Anethole, 
CH3 ‘CH:CH CqH 4-0CH3, with dichromate and sulphuric acid, the aldehyde being 
distilled in steam and purified by means of sodium bisulphite. It boils at 248°, has sp. gr. 
1‘123 at 15°, and, owing to its strong odour of hawthorn, is used in perfumery (price SO.*?, 
per kilo). 

VANILLIN, C6H3(0H)(0CH3)(CH0) 4:3:1 (m-Methoxy-p-hydroxybenzaldehyde), 
is found (about 2 per cent.) in the pods or fruit of vanilla {Vanilla planifolia) ^ and as a 
glucoside (coniferin, 0(6^22^8 + 2H2O) in the sap of the conifers, in asparagus, and in 
beet-juice ; it is also formed by oxidising the resin of olives. 

It is readily obtained artificially by treating clove oil with dilute alkali, which dissolves 
the eugenol and transforms it into Isoeugenol, C6H3(OH)(OCH3)(C’E : CH.CH3), which is 
then oxidised by ozone or permanganate. It forms slender white crystals which melti at 
80-81° and sublime, and it boils at 285°. It has a strong odour of vanilla and now costs 
about 36.?. per kilo, although twenty years ago its price was several hundreds of pounds 
per kilo. 

By HCl at 200° it is transformed into protocat echuic aldehyde, the mctbykme ether of 

CH:0H.C*(L 

which constitutes Piperonal {heliotropin or artificial heliotrope), | || 

CHQ.C : OII-C-CK 

(m.pt. 37° ; b.pt. 263°), costing from 16.?. to 28s. per kilo, according to its purity. 

BENZOYLCARBINOL, CcH 5*CO*CH2*OH, obtained from Phenacyl Bromide, 
Cells • CO -CHaBr, forms stable, shining scales, and possesses strong reducing p!0])eities. 
The corresponding acetonaldehyde is Phenylglyoxal, C0H3 • CO • CH 0, analogous 1 0 pyruvic 
aldehyde. 

1 Vanilla is a climbing, herbaceous plant growing well in Mexico ana in U6union. 'llio fniit is Ih^nhy ami 
cylindrical (10 to SO cm. long) and contains a number ol round black seeds with a pleasant odour. The fruit 
is gathered before it is quite ripe, as otherwise the pods open and the seeds are lost. Thoir yilaliiy is (U'stroyiMl 
by steeping them in waterat 80“ to 86° or placing them in an oven at 50® to 70° or in tlie Hunlight.. 1’ho (*ap8Ul(*s 
thus turn dark brovm and after being allowed to sweat for 20 to 30 days at 30® to 40® tlK‘y iKH'omo ('ovoml with 
a crystalline, perfumed powder. They are then tied up m bundles of 60 and sold in boxen holding 3 to 10 kilos 
at 20s. to 64s. per kilo. Of inferior quality are the smaller fruit and those from the AntillcH, Brazil, and Ouiana. 
They are used for pastry, liquors, perfumes, and chocolates. The United States imported 400 tons (£247,200) 
of vanilla pods in 1910 and 500 tons (£427,400) in 1911, 
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N. AROMATIC ACIDS 

Like the aliphatic acids, these form salts, anhydrides, esters, amides, 
&c., and give in addition other products by substitution in the benzene 
nucleus. 

Here, too, the characteristic group is the carboxyl, COOH, and the acids 
may be either mono- or poly-basic, according to the number of carboxyl groups, 
this being indicated in the name : 

CeH5* COOH C6H,(C00H)2 CeH3(COOH)3 C6(COOH)e 

Benzoic acid Phthalic acids Bcnzenetricarboxylic acids Mellitic acid 

(benzenecaiboxyhc or (benzenedicarboxylic or (benzenetrimctliaiioic acids) (benzenehexacarboxylic or 
beiizenemet.hanoic acid) lienzoncdimethaiioic acids) benzenebexamethanoic acid) 

Aromatic acids with unsaturated side- chains are also known, these behaving 
like un saturated aliphatic compounds : 

C^Hs- CH : CH- COgH C^Biry C i C- CO^H 

Cinnamic acid Plicnylpropiolic acid 


There are also various acids derived from the hydrobenzenes, with characters 
resembling those of aliphatic compounds. 

Aromatic hydroxy -acids with a hydroxyl group in the nucleus behave partly 
like phenols and partly like acids, and are analogous to the aromatic alcohol- 
aeids containing acid groups and true alcoholic groups in the side-chains. 

In each of the aliphatic acids a hydrogen atom can be replaced by a benzene 
residue, giving aromatic acids of the acetic acid series {e.g. Phenylacetic Acid, 
O^jHg- CHg- GO^H) and of the glycollic and succinic series, &c. 

In general, aromatic acids arc crystalline and only slightly soluble in water, 
while they are of ben soluble in alcohol or ether. The more simple ones sublime 
or distil unchanged and lose CO 2 only on distillation with soda-lime, this 
occurring with the more complex acids simply on heating. Their alkaline salts 
are soluble in water, but the acids are precipitated in the free state on addition 
of a mineral acid. 


GENERAL METHODS OF FORMATION. (a) When hydrocarbons 
homologous with benzene are oxidised, each side-chain, no matter what its 
length or nature, yields only a single carboxyl group attached directly to 
the benzene nucleus. When several lateral chains are present, dilute nitric 
acid oxidises them gradually, whilst with chromic *acid they are all oxidised 
together: GeHg-OHs gi^s OoHs-CO^H; OeHs-C^HB ^eHs; 00^ ; 

CeH 5 -()H:CH-C 02 H gives CeHs-COjiH; C 6 Hi(CIl 3)2 gives CeH 4 (C 03 H)a. 
Of the disuhstituted, derivatives, the or/feo-compouiids are oxidised very easily 
and do not give carboxyls unless the oxidation is carried out with great care, 
e.g. with dilute nitric acid or permanganate ; ^am-derivatives are readily 
oxidised by chromic acid and the meta- less readily. Compounds contaming a 
negative group, even OH, in the or^Ao-position are not oxidised even by chromic 


acid. 

( 6 ) By oxidising primary alcohols and aldehydes in the usual w^. 

(c) By hydrolysing nitriles : CeHs* ON + 2 H 2 O = NHg + CgHs' COOH. 
The nitriles are formed by distilling, e.g. potassium phenylsulphoimte wim 
potassium cyanide or ferrocyanide : CgHg* SO 3 K + KCN == p, 

(benzonitrile) or from the chlorides of compounds with side-chains : OeHs* OJlaLi 
+ KCN = K01 + CeH 5 -CH 2 -CN (benzyl cyanide). Nitriles can also be 
obtained from primary amines by diazotising and subjecting the diai^-com- 
pounds to Sandmeyer’s reaction (see p. 568) ; also from the aldehydes by way 


of the oximes (see pp. 199 and 206). 

(d) By the action of CO^ on monobromobenzeiio in presence ot sodium 
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(Rekule), or by treating benzene or its homolognos nith phosgcMie (COCl,) 
in presence of AlClg (Friedcl and KrafTt) : 

OeHgEr + GOa + 2Na = GoHj- GOONa + NaBr ; 

GgHfc + COCla = HGl + GeSg- GO- G1 (whicli, with H.O. gives the acid). 

(e) Phenolic Acids are obt-iined by the action of GO^or G('l|aiu! alkali on 
sodium pJmioxides : 

G,H,- ONa + CO, = 

CoHs- ONa + CCI4 = t+ NaGl, and 

+ 4NaOH = SNaCl + 2H,0 + (para). 

If chloroform is used in place of carbon tetrachloride, ortho- and ])ara- 
hydroxyaldehydes are obtained. 

(/) The syntheses -with ethyl acetoacetate or ethyl malonate are analogous 
to those of the fatty series (^ee pp. 309 and 332) and arc carried out with jihenols, 
derivatives with txalogens in the side-chain, &c. ; complex kotonic acids are 
obtained which undergo both the acid and the ketonic decomposition. 

Aromatic acids wiili unsaturated side-chains are obtained by the methods 
used for aliphatic unsaturated acids, or by Perkin’s reaction {see x). 291 ) between 
fatty acids and aromatic aldehydes in presence of acetic anhydride, which 
removes the water formed : 

CeH^- CHO + CH3- CO^Na = CeHs* CH : CH- COONa + H^O. 

Sodium acetate 

With substituted benzaldehydes a varied series of unsaturated aromatic acids 
can be obtained. 

Also benzal chloride and sodium acetate give un saturated acids : 

CgHg- CHCI2 + CHg- COOH = 2HC1 + CH : CH- COOH. 

Cniiiamio acid 

Ethyl acetoacetate and also malic acid act on x^henols in presence of con- 
centrated sulxDhuric acid, giving anhydrides of unsaturated i)lieuolic acids, c//. 
yCE : CH 

GqK^\ I {coumarin), 

^0 CO 

{a) MONOBASIC AROMATIC ACIDS 

The isomerism among these compounds is similar to tliat of the halogcni 
derivatives of aromatic hydrocarbons. 

BENZOIC ACID, C^Hg-COOH, is found naturally in various resins {e.g. 
gum benzoin) and in balsam of Tolu, from which it is obtamed by sublimation 
or by heating with milk of lime. It is formed in the urine of hcrbivorotis animals 
as Hippude Acid, which gives glycocoll and benzoic acid on putn^fiiction, .It 
forms white leaflets melting at 121'" and boils at 250° ; it sublinu^s at 100° 
to 120° and distils in steam. It has an irritating odour and is soluble in boiling 
water; its alkali salts crystallise well (CcHg-COgK + IH^O) and dissolve in 
water. 

It is prepared industrially by converting toluene (from light tar oils), 
by means of chlorine, into benzenyl trichloride, CeHs-CCljj, and heating this 
with milk of lime under pressure: 2CeH5-CCl3 + 4Ca(OH)2=:3CaCl3*f 
(CeHs* COO)2Ca 4- 4H20*(with traces of chlorobenzoic acid). Instead of being 
treated with lime, the benzenyl trichloride may be oxidised directly with 
dilute nitric acid, in vessels fitted with stirrers, as long as hydrogen chloride 
is evolved, the benzoic acid being then distilled, allowed to crystallise, centri- 
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Monobasic Abomatio Acids 


■Formula 


Name 


Position 
of the 

Melting- 





gioups 

point 

oojr 

COoTI 


Bonzoic (bcnzenecarboxylic) 



121 ° 


o-loliiic (o-methylbenzeneoarboxylic) 

1 : 2 

105° 

)> 


m- ,, (m- „ 

) 

1 : 3 

111 ° 

1 if) ‘ C LI 2 • CJOgll 


P- » (P- 

Plicnylacetic .... 

) 

1 : 4 

179° 

76° 

CJX,{CAl,y, COaH . 


llcmclhtic .... 


1 • 2-3 

144° 



o-Xyhe (I-CH 3 ; 2 -CH 3 , 4-COoH) 


1*2-4 

166° 

» 


m- „ (vie ) . 


1 : 3-2 

98° 



ui-„ (as) . 


1*3-4 

126° 

)» 


Mesitylenic .... 


1 * 3-5 

166° 

C(jHo Cll 2 *CH 2 CO 2 H 


p-Xylic .... 

Hydrocmnamic 


1:4-2 

132° 

49° 

CaHB.CH(CIf3).COan 


Hydratropic (methylphenylacetic) 


— 

below — 20 ° 

OsHfCon.-co^n 


o-Ethylbenzoie 


1:2 

(b.pt 267°) 

68 ° 

c!,nj(onj). co„it 


P" „ 

Prehnitylic (trimethylbenzenecarboxylic) , 

1:4 

1 * 2 * 3-4 

112 ° 

168° 



a-lsoduryiic „ 


1 . 2 * 3-5 

215° 

9> • 


Durylic „ 


1 : 2 : 4-5 

149° 



■y -Isodurylic „ 


1 : 2 : 4-6 

127° 

>> 


Mositylenecarboxylic „ 


1 : 3 . 5-2 

152° 

Cl;j 11, • OjJ • OU 2 U . 


Cuminic (p-isopropylbenzoic) . 


1 : 4 

117° 

ciQiUdij)^. 002 !! . 


Piohnitenecarboxyhc (tetramethylbenzoic) 

1*2 3.4-5 

165° 

» 


Isoduronccarboxylic „ 


1 : 2 : 3 : 5-4 

161° 

cU(GnJn-oo^ii ; 

C„LIo.CII : Oil-COaH 


Durenccarboxylic „ 


1 : 2 . 4 : 5-3 

179° 


Pcntamethylbonzoic 


1 : 2 : 3 : 4 : 6 : 6 

210*5° 


Cinnamic .... 



133° (b.pt. 300°) 

(3„rirC!(: Crr 2 )*COJl 


Atropic .... 




107° (b.pt. 267°) 

CflU8*0 ; O-COaH , 


Plicnylpropiolic 




137° 

Oil CoU*-Cn:OU.OOaIT 


o-Coumano .... 


1 . 2 

208° 

on-Ooir^.ooaU. 


P- 


1 : 4 

206° 


o-Hydroxybenzoic (salicylic) , 


1 : 2 

159° 

»» • 


lu- „ „ 


1 . 3 

200 ° 

CIl„0*d^r4 COa’lT ; 


P- » 


1 : 4 

210 ° 


Anisic ..... 


1 • 4 

184° 

0Ua.O<,I4(Oil).COan. 


o-Uydroxytoluic 


1 : 2-3 

164° 

>> • 


m- „ ... 


1 : 3-4 

177° 

>» • 


P" » ... 


1 : 4-3 

151° 



] 8 -m- „ ... 


1 : 8-2 

168° 

()U.OJl4-CIE».Cna*OOan 


Hydro-p-coumanc . 


1 • 4 

118° 

()„UrCll(On).C 02 lt . 


Mandolic .... 




118° 

Oollr 011 ( 0112 * oil). COjTI 


Tropic 




117° 

OflHB'CO.OOall . 


Bonzoylformic 


— 

65° 

OanB.CO.OUg.COall . 


Benzoylacetic . 


— 

103° 

C„ll 2 (Oir)a.C 02 H 


Protocatechuic 


1 : 3-4 

199° 

0all2(CIl2)(OU)9 OO 2 H 


Orsellinic (l-methyl-3 : 5-dihydroxybenzene 



C«Ua( 0 U) 3 .C 02 H 


“ 2 -carboxylic 

* . 

1 : 3 : 5-2 

176° 


Gallic (3:4. S-trihydroxybenzenecarboxylic 

3 : 4 . 5-1 

221 ° 


fugccl, and purified by sublimation. Jessnitzer (Ger. Pat. 236,489 of 1910) 
proposes to oxidise with calcium hypochlorite instead of with nitric acid. 

Benzonitrile, CgHg-CN, found in the middle tar oils, gives pure benzoic 
acid when hydrolysed (Ger. Pat. 109,122). 

According to Ger. Pat. 136,410, benzoic and phthalic acids are readily 
obtainable by heating naphthol or other naphthalene derivative with fused 
or dissolved alkali in presence of metallic oxides (Mn025 OuO, PegOg) ; the 
benzoic acid is separated from the mixture by distillation. 

Benzoic acid is used in medicine, in making certain aniline blues, in the 
seasoning of tobacco, in printing textiles, and for preserving foodstuffs,^ 
although it has not been shown to be harmless when used in this way ; experi- 
ments made in the United States in 1910 showed that doses of 1 grm. per 

^ Of the various methods for detecting honzoic acid in foods, the following may be mentioned. ^ According 
to Jonesen (1909) the presence of benzoic acid in vml'k may be shown by converting it into salicylic acid by means 
of 3 per cent, hydrogen peroxide diluted ten times, and then testing for salicylic acid with ferric clilonde solution 
( sp gr. 1*28) diluted ten times (as in the examination of beer, see p. 179). In the case of Gutter, this is acidified 
with sulphuric acid and distilled with steam, the distillate being tested as above (see also Salicylic Acid). 

II 37 
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day of benzoic acid or sodium benzoate have no injurious effect. It costs 
about Ss. to 4:8. per kilo. 

BENZOIC ANHYDRIDE, (CgHs -00)20, is obtained by heating an alkali boiiizoate 
with benzoyl chloride ; 

CeHg-COsNa + CgHg • CO • Cl - NaCl + (CoH^ -00)00, 


or, according to Ger. Pat. 146,690, by heating nearly 2 parts of sodium chlorosulphonate. 
Cl-SOaNa, with 3 parts of sodium benzoate; by changing these proportions, benzoyl 
chloride {see below) may be obtained. 

In the cold it is not decomposed by water, but on boiling it gives benzoic acid. It 
costs 16^. to 205. per kilo according to its purity, 

BENZOYL CHLORIDE, CoHg-CO-Cl, is formed by the action of PCI5 or POCI3 on 
benzoic acid, and is obtained industrially either by the action of chlorine on benzaldchyde 
or from sodium chlorosulphonate (see above. Benzoic Anhydride). It is a colourless liquid 
which boils at 194°, and has a very pungent odour. Water decomposes it very slowly in 
the cold (distinction from acetyl chloride) giving hydrochloric and benzoic acids. It 
reacts readily with many compounds in alkaline solution, introducing into them the 
benzoyl group (Schotten and Baumann’s method). For instance, a mixture of benzoyl 
chloride with a little potassium hydroxide acts in the cold on aniline, forming BenzaniHde, 
CgHs-lSril-GO-CeHs (white compound, melting at 158°, and boiling unaltered). With 
hydroxy lamine it gives Benzhydroxamic Acid, CeH^-CO-NH-OH, which gives a violet 
coloration with ferric chloride. 

Benzoyl chloride is used in the preparation of benzaldehyde and of various dyes ; it 
costs about 5s. 6d. per kilo, or, in the highly purified state, 16s. 

ETHYL BENZOATE, C6H5-C02C2H5, has an odour of mint, and is obtained by 
heating benzoic acid with alcohol in presence of sulphuric acid. 

BENZAMIDE, CgHs-CO-NHg, is obtained by the action of ammonia (or ammonium 
carbonate) on benzoyl chloride, or by the interaction of sulphuric acid and benzonitrile. 
It forms nacreous crystals melting at 130°, and is soluble in boiling water. It forms 
metallic derivatives more easily than acetamide. 

BENZHYDRAZIDE, QH^ • CO • NH - NHg, is obtained from hydrazine hydrate and 
benzoic ester ; with nitrous acid, it gives 


BENZAZIDE (Benzoylazoimide), 


CgHg-CO-N^' II, which is readily hydrolysed, 

Nn 


giving hydrazoic and benzoic acids. 

HIPPURIC ACID, C6H5-C0-NH-CH2*C02H, is obtained by heating benzoic acid 
with glyeocoll. It occurs in the urine after ingestion of benzoic acid or toluene, and is 
found in considerable quantities in the urine of horses and other herbivorous animals. It 
forms rhombic crystals melting at 187°, and is soluble in hot water. 

CHLOROBENZOIC ACIDS, CeH^Cl-COgH. The halogen enters preferably the meta- 
position and nitric acid (in presence of concentrated sulphuric acid) gives mainly m-NitrO'** 
benzoic Acid, N02-C6H4 *00211, which, on reduction, yields Azobenzoic Acids and 
Aminobenzoic Acids, NHg * C0H4 • CO2H. The latter, like glycine, exhibit the functions 

of both acids and bases ; -with nitrons acid, they form Diazobenzoic Acids, 

ANTHRANILIC ACID (o-Aminobenzoic Acid) is formed in the synthesis of indigo 
and also from phthaHmide. It is prepared by boiling the potassium derivative of 
phthalylhydroxylamine with aqueous sodium carbonate ; 


0eH4<^Q>N- OH + H2O = CO2 + 

Numerous patents have been taken out for its manufacture (Ger, Pats. 130,302, 130,788, 
138,188, 145,604, 146,716, &c.). It melts at 145°, and is largely used in the manufacture 
of dyes, drugs, hnd perfumes. The pure product costs 645. and the crude 205. per kilo. 

00 

Anthranilic acid forms an internal anhydride, Anthranil, ) 
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01 the dibasic Sulphobenzoic Acids, C 6 H^(S 03 H)(C 02 H), the ortho-isomeride is of 
interest, since its imino- derivative forms SACCHARIN (o-Benzoicsulphimide), 
SOo 

^({I^ 4 <Cqq"^NH, which is a white powder slightly soluble in water, and is 500 times 

as sweet as sugar. Saccharin is prepared as follows : toluene is heated at 100° with 
concentrated sulphuric acid and the mixture of o- and p-toluenemonosulplionic acids 
thus obtained converted into calcium salt and thence into sodium salt. This is dried 
and distilled in presence of pliosphorus trichloride and chlorine and the o- and 
p-tolucnesulphonic chlorides frozen and centrifuged to separate the crystalline para- 
compound from the liquid ortho -compound. With ammonia, the latter gives o-toluene- 
sulphamidc, which is oxidised by permanganate to the potassium salt of o-benzene- 
sulphaminiG acid and treatment of this with an acid results in the separation of crystals 
of saccharin. It has no nutritive value, but is harmless in the amounts usually introduced 
into foods ; in large doses, it is antiseptic, antifermentative, and diuretic. It melts at 
224°. In Italy its consumption is prohibited, for fiscal reasons. It costs 405. to 485. per 
kilo. With alkali carbonates it forms soluble saccharin (cry sf alios e). 

Saccharin was discovered in 1878, and m 1896 there were three factories in Germany 
producing 33,528 kilos ; in 1897 lour factories made 34,682 kilos ; in 1898 five factories 
made 78,363 kilos and in 1899 six factories 130,287 kilos ; in 1901 189,734 kilos were made, 
and in 1902 174,777. Its sale is now prohibited in Germany, but six firms in Switzerland 
produce annually about 80,000 kilos which they despatch as contraband to various 
couni^ries. In 1908 a fine of nearly £25,000 was inflicted at Domodossola for the 
smuggling of 623 kilos of saccharin. A pharmacist in Hungary was found in 1908 to 
have sold saccharin illegally to the value of £20,000. 

In Russia 56,332 kilos were imported in 1899 when its consumption was allowed, but 
after its importation was prohibited it fell to 831 kilos in 1906, although a considerable 
amount is introduced witliout the knowledge of tlie Customs authorities. An International 
Convention at JBru'ssels in 1909 passed a resolution that all countries should prohibit the 
use of saccharin in foods and beverages and placed severe restrictions on its sale. 

TOLUIC ACIDS, CH 3 -C 6 H 4 -COOH. The three isomerides are obtained 
by oxidising the corresponding xylenes with dilute nitric acid (see Table, 
p. 577). p-Toluic acid is formed also by the oxidation of turpentine. 

Phenylacetic Acid (a-Toluic acid), CgHg-OHa-COgH, is isomeric with the 
toluic acids, but it gives benzoic acid on oxidation, whereas the toluic acids 
give phlhalic acids. 

XYLIC ACIDS, C6H3(CH3)2-C02H ; various isomerides arc known (see 
Table, p. 577). 

CUMINIC ACID (p-Isopropylbenzoic Acid), C3H7 -CgH 4*C02H, is formed in animal 
organisms by the oxidation of eymene, and is obtained by oxidation of Roman chamomile 
oil with permanganate. It melts at 117° and yields cumene when distilled with lime. 

CINNAMIC ACID, C^Hg-CH : CH-COgH, is found in storax and in certain 
balsams (Tolu, Peru, &c.), and remains as sodium salt when these arc distilled 
with caustic soda. It is prepared according to Perkin’s synthesis (p. 291) by 
heating benzaldehyde with sodium acetate in presence of a dehydrating agent 
(acetic anhydride) ; or by heating benzylidene chloride (benzal chloride) 
with sodium acetate in an autoclave at 200° ; or by the malonic synthesis from 
benzaldehyde and ammonia : 

CeHs* GHO + OH2(COOH)2 = H^O + 00^ + CH : OH- COOH. 

Cinnamic acid melts at 133° and boils at about 300°. It readily forms addi- 
tive products owing to the double linking in the side-chain, and on this account 
also reduces permanganate in presence of sodium carbonate (Baeyer’s reaction, 

p. 88). 
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According to theory, the presence of the double linking should result in 
the existence of two stereoisomerides : 

CeHs-G-H CeHs-C-H 

11 and il 

H-C-COaH COgH-C-H 

But, in addition to these, two others, Allocinnamic and Isocinnamic Acids, 
are known and are apparently polymorphous modifications of the makde 
form, although this question— studied by Liebermann, Michael, and 
Erlenmeyer, jun. — ^has not yet been completely decided. 

Cinnamic acid costs 16s. per kilo, and is used in medicine and in the synthesis 
of various perfumes. 

PHENYLPROPIOLIC ACID, CqHs-C *: C -COgH, is obtained by iieaiing ibe dibroniide 
of ethyl cinnamate with alcoholic potash-. 

CeHs-CHBr-CHBr-COaCaHs + HgO = 2HBr + \ C-GO^K + CaHs-OH. 

It forms shining needles which melt at 137° and readily sublime. Its sodum salt is used, 
n 1 to 3 per cent, solution as an inhalation in cases of tuberculosis, and costs £4 per kilo 

o-Nitrophenylpropiolic Acid, obtained in a similar manner from ethyl o-nitrocinnamato, 
soused in the synthesis of indigo. 

(&) DIBASIC AND POLYBASIC AROMATIC ACIDS 

The Basicity of these acids is given by the number of carboxyl groups, and 
the phenomena of isomerism are similar to those of the dihalogenated deriva- 
tives, The carboxyl groups may be united directly to the benzene nucleus or 
to side-chains, and by means of them esters, amides, acid chlorides, &c., can 
be formed. 

PHTHALIC ACID (Phenylene-o-dicarboxylic Acid), CeH4<(.QQjjj2), 

is obtained by oxidising compounds with two lateral chains, but not by chromic 
acid, which would partially destroy the benzene nucleus. 

At one time it was prepared industrially by chlorinating naphthalene and 
then oxidising (Laurent). But since a few years ago it has been obtained more 
conveniently by oxidising naphthalene with fuming sulphuric acid in J)r(^sence 
of mercury salts or, better, rare earth salts (thorium, &c. ), which act as catalysts. 

This catalytic process, which is due to Sapper, allows of the recovery of 
the whole of the mercury, while the sulphur dioxide evolved is converted again 
into sulphur trioxide, so that the oxidation of the naphthalene may bo regarded 
as taking place at the expense of the oxygen of the air. This economical pro< 5 CSS 
has rendered possible the industrial preparation of artificial indigo. 

The process of fusing naphthols with alkali in presence of mctalli (5 oxides 
also seems to give good results and yields benzoic acid at the same time (see 
above). According to Ger. Pat. 152,063, the electrolysis of naphtha in 
presence of an acid solution of a cerium compound yields naphthaquinone atul 
phthalic acid. 

It is a white, crystalline substance soluble in hot water, alcohol, and other. 

(JO 

It melts at 213° and is then transformed into Phthalic Anhydride, CoH 4 < -0, 

which melts at 128° and boils at 277°, but sublimes considerably below this 
temperature ; the anhydride has a characteristic odour and gives phthalic acid 
when boiled with water. 

With PCI 5 , phthalic acid gives Phthalyl Chloride, 06 H 4 <; ^^^> 0 ,whichgiYesPhthalide, 

0X1 (J(CoH5)2 

QQ^O, on reduction, and Phthalophenone, O 0 H 4 <s 00 j>O, with benzene ( 4- AlCls ). 
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When heated with phenols and sulphuric acid, phthalic anhydride forms fhthaleinsy e.g* 

CO * C(CeH4-0H)2 

C6H4<^^>0 + 2C6H5-OH - HgO + C6H4 <^q >0 {phenolphthalein). 


Phenolphihaleiii is a yellow powder and, being a phenol, dissolves in alkali, the solution 
having a violet-red colour (it forms an excellent indicator, see voL i, p. 97). When 
heated with resorcinol in presence of zinc chloride at 210°, phthalic anhydride yields 
F lu or escein ( re sore inolph ihalein ) , 


CO< 


.C6H3(0H). 


-O- 




which, even in very dilute alkaline solution, shows an intense greenish yellow fluorescence 
while by transmitted light the solution appears reddish {see Triphenylmethane Dyes). 

Tetrabromofluorescein, or eosin, gives alkaline solutions showing a marked reddish 
green-yellow fluorescence, and is used for dyeing silk red, producing a beautiful fluorescent 
oflect ; the colour is, however, not very stable, especially towards Mght. 

CO 

With dry ammonia in the hot, phthalic anhydride gives Phthalimide, CeH4<;^Q^]SrH, 

which is of importance since the iminic hydrogen can be replaced by metals and the latter 
under the action of alkyl halides, by allcyl groups. The compounds thus obtained, when 
heated with acid or alkali, yield phthalic acid and a primary amine free from secondary 
or tertiary amine (important general synthesis of primary amines, discovered by Gabriel) : 

06U4<Qy>NK H- CsHfiBr = KBr + C6H4 <^q>NC 2H5, and 

PA PO H 

0«H4<^^>NC2H5 2 H 2 O = + C^Hs-NHa. 


Phthalic acid is used in the synthesis of indigo and of dyes of the pyronine 
group, and is usually placed on the market as the anhydride (although called 
acid) at a price of £6 per quintal (65 per cent, strength) ; chemically pure, it 
costs 46‘. per kilo. 

ISOPHTHALIC ACID, C6H4(COoH)2(l : 3), is obtained by oxidation of colophony 
with nitric acid, or, in general, by the oxidation of meta -derivatives of benzene. The 
barium salt is soluble in water. 

TEREPHTHALIC ACID, CoH4(C02H)2(l : 4), is formed by oxidising oil of turpentine 
or chamomile oil, or by oxidising p-toluic acid with permanganate. It is almost insoluble 
in water and alcohol and sublimes unchanged. It gives a sparingly soluble barium salt, 
but does not form an anhydiide. 

POLYBASIC ACIDS. The tri-, tetra-, penta-, and hexa-car boxy lie acids are known, 
but are of little practical importance. 

The Benzenetricarboxylic Acids are : TRIMESIC ACID (1:3:5) derived from 
mositylono ; TRIMELLITIC ACID (1:2:4) obtained from colophony; HEMIMELLITIC 
ACID (1:2:3). 

The Benzenetetracarboxylic Acids are : PYROMELLITIC ACID (1 : 2 : 4 : 5), melting 
at 264° ; PREHNITIC ACID (1 : 2 : 3 : 4), melting at 237° and forming an aiihydride 
Mellophanic Acid (1 : 3 : 4 : 5), which melts, and is converted into anliydride, at 280°. 

MELLITIC ACID (Benzenehexacarboxylic Acid), C6(COOH)6, is obtained from 
mellito, which is a kind of mineral found in deposits of lignite, and consists of yellow, 
(lUathatic octahedra of aluminium mellitate, C6(COO)6Al2 + I8H2O. 

Mollitio acid may also be obtained by oxidising wood charcoal with alkaline perman- 
ganate. It forms needles insoluble in water and alcohol and, when heated, loses 2H2O and 

14 

CO CO 

2CO2, forming Pyromellitic Anhydride, 0 <qq>C6H2<qq> 0, which gives Pyromellitic 

2 5 

Acid, OgHgCCOgH).,, with water. 

Mellitic acid cannot form substitution products, since all the benzene hydrogens are 
ak'oady substituted, but on reduction with sodium amalgam it readily yields Hydromellitic 
Acid, CoHijCCOOH)^, which gives benzene when distilled with lime. 
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(c) HYDROXY-ACIDS AND PHENOLIC ACIDS 

These are formed by the methods given on p. 575 or by oxidising homologucs 
of phenol or fusing them with alkali. The basicity is given by the number of 
carboxyl and phenolic groups, both of these leading to salt-forinatioji, but the 
basicity towards sodium carbonate is determined by the carboxyl grouj)s alone. 
When both the carboxyl and hydroxyl groups are etherified, only the former 
can be subsequently hydrolysed. 

SALICYLIC ACID (o-Hydroxybenzoic Acid), OH • CgH^- COOH, is the nu).st 
important of the hydroxy-acids. It is derived from salicin (glucoside of willow 
bark), which, when hydrolysed, first gives glucose and Saligenin : 

Oh'^‘ + OH + 

Salicm Saligeiuii Gliico.so 


the saligenin giving salicylic acid on oxidation. The acid is found as niethy] 
ester in the essence of GauUheria frocumbens. 

It is prepared industrially by heating sodium phenoxide with carbon dioxidi^ 
in an autoclave at 140°, according to Kolbe's process ; from the resulting sodium 
salicylate the acid is liberated by treatment with a mineral acid. In Marassc’s, 
method a mixture of phenol and potassium carbonate is heated in presence of 
CO2 at 140° to 160°. 

It forms white crystals melting at 156°, subliming at 200°, and distilJingiii 
superheated steam at 170°. It is readily soluble in alcohol or in other, and 
1 part dissolves in 444 parts of water at 15° and in 13 parts of hot water. When 


heated with POCI3 it gives the Internal Anhydride, I , which forms 

^CO 


a white xoowder softening at 110° and melting at 261°. 

With bromine water it gives a precipitate, CgHgBrg-OBr, and with f(u*ric 
chloride it gives a violet coloration even in alcoholic solution (phenol is colon rc'd 
only in aqueous solution). With lime-water in the hot it forms a 1)asi(‘, salt, 


• 0 - 


separated from its isomorides, 

OuU 


which do 


not give this reaction. 

It is used as an antiseptic for preserving foodstuffs,^ and in the manufacturer 
of dyes and perfumes. Its sodium salt is largely used as a medicine. 

When heated to 200° it loses COg, giving Phenyl Salicylate {mlol ) : 


2OH-0eH4-CO3H = CO^ + H^O OH- C.tl^- (JO^cyis, 

which is used as an antiseptic for the intestines. 

Salicylic acid costs £12 14s. per quintal. In 1905 Germany exported 5018 
quintals of the acid and its sodium salt. 

Acetylsalicylic Acid is used in medicine under the name aspirin, 
m and p-HYDROXYBENZOIC ACIDS give insoluble basic barium stdls and yi(‘ld 
no coloration with ferric chloride ; the m-acid is more stable to heat than the 0 - or p-aeid. 

Anisic Acid, CHsO-C^H^ -00211, resembles the monobasic acids more than 1 lu^qilienols 
and is obtained from p -hydroxy benzoic acid, methyl alcohol, potasHi'uni hydr'oxidcr, anti 
methyl iodide, the dimethyl ether obtained being then partially hydrolystid. 

Methyl Salicylate, 0H-C(5H4-C02CH3, forms 90 per cent, of oil of Gaultlicria, and is 
prepared artificially by the interaction of salicylic acid (2 parts) and methyl alcohol (2 j)art.H) 

^ The exammatioR of foods foi the presence of salicylic acid is earned out in the same way as with beer (p, 179). 
But baked starchy substances (bread, cVc.) contain multol, which gives the sanio ri'aetion as Halli'ylic- acid and is, 
like the latter, volatile. In this case doiTSsen's method must bo used m t(‘Htiug for saliiiyUc acid * Jl) e.e. of the 
liquid distilled with steam are treated with 3 drops of 10 poi cent, potassium niiriit' holuUon, 5 drops of 50 per cemt . 
acetic acid, and one diop of 30 per cent, copper sulphate solution. 'I’he iKpUd is tbmi boihsl aud m presence 
of even less than 0 0001 gun of salicylic acid a reddish coloration forms, winch rapidly becomes blood-red (II. ('. 
Sherman, 1910). 
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in presence of conceniraied sulphuric acid (1 part). It boils at 224°, is used as a perfume, 
and costs 3^. 6c^. per kilo. 

p-HYDROXYPHENYLACETIC ACID, 0H*C6H4*CH2*C02H, formed during the 
putrefaction of proteins and occurring in the urine, gives a dii'ty green coloration with 
ferric chloride. 

Of the Dihydroxybenzoic Acids, PROTOCATECHUIC ACID (3 : 4-Dihydroxybenzoic 
Acid), C(iH3(0H)2 ‘00211, forms shining scales or crystals soluble in water ; in solution it 
is coloured green by ferric chloride, the colour being changed to blue and then to red by 
a little soda. It can be obtained synthetically, together with the 2 : 3-dihydroxy-acidj 
by heating catechol with ammonium carbonate, and is prepared by fusing various resins 
with alkali. Like catechol, it exhibits reducing properties. Its monoethyl ether (SOCHg) 
is VANILLIC ACID, which is formed by the oxidation of vanillin (p. 574 ) ; its dimethyl 
other [(00113)2] is VERATRIC ACID, found in the seeds of Veratrum Sahadilla ; and 

its Methylene Ether, C02H-CeH3<Q>CH2, is PIPERONYLIC ACID, which is also 
obtained by oxidising piperinic acid. 

GALLIC ACID (3:4; 5 - Trihydroxybenzenecarboxylic Acid), 
C3H2(0H)3-C02H, occurs naturally as glucosides in various plants and in tea, 
gall-nuts, &c. It is formed by the action of mould on solutions of tannin or 
by boiling the latter with, dilute acid or caustic soda. 

It reduces ^old and silver salts and becomes oxidised and turns brown in 
the air. With ferric chloride it gives a black coloration, and, on this account, 
it is used in making ink ^ ; its reducing properties are utilised in photography* 

When pure it forms colourless needles (+ H^O) which decompose at 200® 
into carbon dioxide and pyrogallol. It is only slightly soluble in ether or cold 
water but dissolves readily in alcohol or hot water. 

Chemically pure gallic acid costs about 5s, per kilo. 

There are a number of hydroxy^acids with hydroxyl and carboxyl groups in 
th(i sid(i-chains ; mention may be made of : 

(1) COUMARIC ACID ’(o^Hydroxycinnamic Acid), OH-CgH^-CH : 
CH -00211, which docs not give an anhydride owing to its fumaroid structure 
{see h''umaric Acid), while the maleic stereoisonicride, Coumarinic Acid, is 
known only as salts, since in the free state it immediately forms Coumarin, 

yO CO 

CeH 4 <f I ; the latter may also be obtained by heating salicylic acid 
^CH : CH 

with sodium acetate (Perkin synthesis ; see Aldehydes). 

(2) MANDELIC ACID, C3H5‘CH(0H)‘C02H ; of the various stereo- 
isomeridcs, that occurring naturally is lajvo-rotatory, while that obtained 
synthetically (from benzaltlehyde and hydrocyanic acid, with subsequent 
hydrolysis) is the racemic form. In solutions of the latter, certain 
^Schiz()mycetes destroy the d- and leave the l-isomeridc, whilst PenicilUum 

t INK iH made by atlUhig to aqueouB gallic acid or tannin ferrous sulphate solution slightly acidified with 
aei'tic or hydrochloric acid in oi dcr to prevent oxidation and the formation of a black pi ccipitatc. To this brownish 
solution IS addl'd a solution of indigo-cariuine or logwood to render the writing visible. When the mk is exposed 
on the paper to the air, it becomes black and insoluble, owing to the evaporation or neutralisation of the acid by 
the sizing of the paper (albumen, &c.), and the consequent ready oxidation by atmospheric oxygen, which changes 
the original blue colour to a deep black. 

'ro make the ink adhere without spreading, a little gum is added, and to preserve it, a little phenol [1 litre of 
tins normal ink may be obtained from 23 4 grms. of tannin, 7*7 grms of gallic acid, 10 grms. of gum, 2-5 grins, 
of hydrochloric acid (as gas) or 7 5 grm«. of the concentrated acid, 30 grms. of ferrous sulphate, 1 grm. of phenol, 
and the rest water ; the liquid is left at rest for four days and then decanted from the deposit and coloured with 
indigo-carmme or logwood extract]. 

A logwood ink may be obtained as follows : 20 grms. of dry logwood extract or 30 grmfl. of the paste (hsematem) 
are dissolved in 800 c.c. of water and to the hot solution are added 15 grms. of soda crystals (7 gnns, of Solvay 
soda), and then, drop by drop, and with shaking, 100 c.c. of a solution containing 1 grm. of normal potassium 
ehromaic ; tins process gives a fine blue-black tint, and the ink, winch docs not attack btcel pens, and dries easily 
can be preserved by a trace of phenol 

Coloured inks are aqueous, gummy solutions of aniline dyes. Copying inks are similar to ordinary writing 
inks, but are more concentrated, and contain also glycerine, sugar, dextrin, calcium chloride, A'c., by which the 
writing is kept moist for some time. 
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glaucum destroys the 1- and leaves the d-compound. Also, if the cmchonine 
salt of the racemic form is prepared, the d-salt crystallises out first. 

The Dihydroxycinnamic Acids include : CAFFEIC ACID [{see Chapter on Cluco- 
sides), FERULIC ACID and UMBELLIC ACID (p-hydi’oxy-o-cou marie acid, which is 
readily transformed into its anhydride, umhelliferone) ; a similar acid is PIPERINIC ACID, 

CH2<q>C 6H3-0H : CH-CH : CH-COaH, 

which is formed in the decomposition of piperino. 

The derivatives of the Trihydroxy cinnamic Acids are dealt with in the Chapter on 
Glucosides {ceseulin and daphmn from horse chestnuts and Daphne mezerewm, &)c., 
respectively). Mention may be made here of ^SCULETIN (a Dihydroxycoumarin), 
.0 • CO 

CeH2(OH)2<; | , and of the isomeric DAPHNETIN, which have also been obtained 

\CH:CH 
synthetically. 


TANNIN (Gallotannic or Tannic Acid), C14H10O9, was studied originally by 
Berzelius, Pelouze, and Liebig. According to Hlasiwetz (1867) and to CJ. I8chill (1873), 
tannin is probably a partial and mixed anhydride of gallic acid, 2 mols. of which at‘e 
condensed with loss of 1 mol. of water from a carboxyl and a hydroxyl group and 
formation of a Digallic Acid (or ether of Z-gallolylgallie acid ) : 

OHi^^COaH Oh/N— C0-<^— 

2 = HgO + 

Om , OH, ^ OHi 


OH 


OH 


OH 


According to the investigations of Nierenstein (1908) on the acotyhderivativos and 
hydrolysis, commercial tannin would seem to be a mixture of digallic acid and 
Leucotannin (or ether of Z-hydroxygalhlyLgallic acid ) : 

T/\_CH(0H)~.0-~f^Nc02H 


OH 


OH' 


\/ 

OH 


OH' 


\/ 

OH 


There appear, however, to be various more or less highly ])oiymcriscd tannins with 
widely varying molecular weights. Some uncertainty still prevails as to tlie t rue molectdar 
magnitude of tannin. Paterno (1907), from a study of the colloidal solutions, arrivwl 
at molecular weights varying from 430 to 470 (i.e, O21 . . . •), while Wakien (1808), by 
the ebullioscopic method, obtained numbers between 760 (about O35 . . . .) and IHliO 
(about C70 . . . .)s "which are sharply distinguished from that of digallic acid (332). 
P. Biginelli (1911), on the basis of the property shown by tannin of forming a-ddiiivo 
products with water, alcohol and ether \_e.g, C41H32O25, (ether), which is stable 

even in a vacuum and is analogous to the oily compound, C^iH32026, 60<tHxo(), 7JI20, 
previously obtained by Pelouze, and to others of Biginelli’s compounds, namely, 04.3Jla202r,'. 
6O4H10O; and C4iH32025, dHgO], and also on the loss of ClOg 

and H2O with formation of Hexahydroxybenzophenone, C13H10O7, when tannin is heated 
in aqueous solution with lead dioxide (the COg liberated was esiimat eel), lioldsihai t annin has 
the formula C4iH32025, and that it is probably a glucoside. It was, indeed, observed by Jnebig 
and also by Hlasiwetz that when tannin is boiled with dilute sulphtiric acud it. dee-omposos 
into gallic acid and dextrin or gum (reacting with 6H2O) ; but Etii (1884) and Lbwci found 
that tannin purified with ethyl acetate does not yield saccharine substances (dextrin, &c.). 


Tannin is widespread in nature and occurs in abundance in mmac {Rkm 
coriaria), gall-nuts and oak-galls, ■which are pathological cxorcHcjoiwes caused 
by incision of the oak branches by insects. To extract the tannin, tlu‘ gall-nuts 
are ground to a coarse powder, which is treated in a battery of clifTusors similar 
to those used for extracting beet-sugar (^ee p. 451). The cruder acfueous solution 
of tannin thus obtained is filtered through a battery of filters and extracted, 
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ill a closed copper vessel fitted with a stirrer, with crude ether (aqueous or not 
free from alcohol). After the liquid has been left at rest in vats for 8 to 10 
days, the dense lower layer containing the tannin is decanted and freed from 
ether by distillation. The evaporation of the water present is effected in heated, 
rapidly rotating drums, or on zinc plates placed in desiccators. The dry mass 
is then subjected to short and gentle treatment with steam — a very soft, pale, 
ethereal tannin being thus obtained. Tannin solutions are also concentrated 
under reduced pressure in multiple-efiect apparatus (see Sugar, p. 461). 

Aqueous or Alcoholic Tannin, which is extracted by water or alcohol without being 
purified by means of ether, is less pure. 

Pure tannin forms a pale yellow light powder or sometimes crystals. It is darkened 
in colour by light, turns brown in the air, and dissolves in its own weight of water, double 
its weight of alcohol or eight times its weight of glycerol or ethyl acetate. It is almost 
lusolublo in other, benzene, chloroform, petroleum ether or carbon disulphide. With iron 
s ilts it forms a bluish black precipitate and with albumin or starch, a gelatinous precipitate. 
In aqueous solution it is dextro-rotatory ( + 15° to + 20°). 

According to tlie degree of purity, it costs from £10 to £14 per quintal, and it is used 
mainly, in conjunction with antimony salts, as a mordant in the dyeing of cotton with 
basic dyes. It< is employed also m making ink and, along with gelatine, in clarifying 
beer and wine, lorming with the gelatine a gummy precipitate which gradually settles 
and (‘-arries down witli it the suspended matter of the liquid. 

In 1905 Germany exported 7040 quintals of pure tannin of the value £80,000, while 
in 1909 the exports were 8135 and the imports 772 quintals. 

In 1908 Turkey produced 70,000 tons of valonia {Quercus cegilops), the harvesting of 
which employs 70,000 workpeople. 

Tlio United States consumed in 1909 diferent tamiing materials to the value of 
£4,200,000. 

Imports into England amounted to : 

1910 1911 

Tanning extracts . . . £749,410 . . £739,329 

Tanning barks . . . 225,642 .. 243,128 

Myrobolams .... 225,168 .. 138,844 

Sumac 105,020 .. 103,981 

Valonia 169,948 . . 121,227 

Gall-nuts. .... 37,320 . — 

Powdered barks or woods arc used, either before or after extraction, in tanning hides. 

Those tannin extracts [from oak bark (containing 10 to 20 per cent, of tannin), mimosa 
(30 per cent.), loaves and twigs of sumac (15 to 30 per cent.), valonia (20 to 45 per cent.), 
Asiatic gall-nuts (55 to 75 per cent.), European gall-nuts (25 to 30 per cent.), divi-divi (40 per 
coni.), myrobolams (30 per cent.), quebracho wood (22 per cent.), horse-chestnut harh (2 to 
3 per cent.), catechu or cutch (40 or 50 per cent.), &c.], are now rationally prepared on 
an enormous scale by extracting the finely divided material with hot water in batteries 
of dilTusors. The dilute solutions (1*5° to 3° B6.) are filtered and then concentrated in a 
triplo-ofieci vacuum evaporator {see p. 461) to the density 25°-30° B6. Por some years, 
however, certain extracts have been clarified or partially decolorised with alkali sulphite, 
bisulpjiito, or hydrosulphito (patented by Lepotit, DolHus and Gansser, 1896) before 
concentration. The bisulphite renders the extracts much more soluble, as it converts 
part of the tannin substances into soluble sulphonic compounds, while in the resinous 
extract of quebracho it also causes decomposition of a glucoside present, giving the product 
the property of imparting a yellow colour to skins with an aniline mordant. Decoloration 
is, however, due more especially to the hydrosulphite either added directly (Lepetit’s 
jiatont) or produced by reduction of tho bisulphite added to the extract (1) by zinc or 
aluminium dust (Eng. Pat. 1 1 ,502 of 1902) ; (2) by treating the crude extract with aluminium 
sulphate and sodium bisulphato and then heating under pressure at 120°~130° (U.8. Pat. 
740,283) ; (3) by treating tho extract with a mixture of formaldehyde-bisulphite and 
formaldohyde-suiphoxylaie (Er. Pat. 362,780) ; or (4) according to the recent patent of 
L. Dufour (Genoa), by reducing t lie sulpluto with thiosulphate, and then with formaldehyde. 
Use has also been made of the waste sulphite liquors from the manufacture of cellulose 
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(Ger. Pat. 132,224 and 152,236 ; U.S. Pat. 909,343, January 1909), of aliuniniiun amalgam 
(Ger. Pat. 220,021), and of chromons salts (chloride, sulphate, acetate, &c.) 

An interesting method of clarifying quebracho extract and rendering it soluble even 
in the cold is that of A. Redlich, L. Poliak, and C. Jurenlm (Ger. Pat. 212,876 ol 1908) : 
The paste deposited from the criide, cooled extract is shaken for six to seven hours with 
1 part per thousand of soda at 50° to 100°, 50 litres of the red solution tlius obtained being 
mixed with 1000 litres of the crude extract previously decanted and the whole left to 
stand. A flocculent deposit is thus obtained and a pale solution ol pure extract, which is 
decanted off and can be concentrated ,* the flocculent precipitate can be dissolved again 
in dilute soda and used to clarify further quantities of crude extract.. Any excess of i ed, 
.alkaline solution may be employed for clarifying extracts of sumac, &c. 

The price of tanning extracts is roughly proportional to their content of tannin or 
tannin substances,^ which may vary from 20 per cent, to 50 per cent., but for a given 
content of tannin, extracts rich in red or orange colouring- matter shave the great or value ; 
these matters are estimated in special colorimeters or in the spectroscope. A. Gansscr 
has recently (1909) suggested the replacement of the direct test on hide by one on strips 
of animahsed cotton (the latter being immersed in a bath of gelatine and then in one of 
formaldehyde) ; the resultant colour on the textile is similar to that obtained on hides. 

In 1905 Germany imported 58,000 quintals of sumac (£40,550), 139,054 (piintals of 
quebracho extract (£257,250), and 126,315 tons of quebracho wood (£600,000), 145,()()0 
quintals of quebracho extract (£254,800) being exported. 

The chestnut extract produced in Corsica amounted to 22,032 ions in 1906, to 18,275 
tons in 1907 (the diminution being due to strikes), and to 25,000 tons in 1900. 

The United States consumed about 70,000 tons of solid quebracho extract in 1908. 
For the manufacture of tannin extracts {e,g. from chestnut wood) to pay, at least 
300 quintals of wood must be treated per day ; the plant costs over £8000* 

TANNING OF HIDES. The hides of oxen, horses, sheep, &c,, oven when freed from 
hair and flesh (i.e, in the form of corium), do not keep and readily initrefy during drying 
or in presence of moisture. When dressed (this was carried out as early as 2000 b.c*.), and, 
more esxDecially, when tanned, the hides are more tenacious and resistant, do not ])utrcfy, 
and do not gelatinise with boiling water, since the flbres on which the tanning material 
fixed (to the extent of 30 per cent, or even more) do not agglutinate during drying, and 
hence remain fibrous and do not become compact and horny. The corium oi derma, 
i.e. the fibrous substance of the skin, is converted by tanning into leather.'^ Rational 


ANALYSIS OF TANNING MATERIALS, A feolutioius piepaicd coiitauiiiig aoi iiuuc i.hau 0*0 (e 
OS grm. ofdiy ichiducpcilitic, for this pmpobc 9 to 10 ginis of.solulc.xtiactoi 15to 2()gnuH oi liquid oxirad/nro 
(iibbolvcd in alitie ot tepid water. Of the various analytical nietlioils, tliu least inexact 
IS that of Procter, which was accepted by the International Congress of L(‘ath('r"Trad(‘H 
Chemists at Tuiin, 1904. The amount ot total soluhk sabstnnt’es is detennuu'd, the 
dillcience between tins and the non-tannim (not llxcd by powdered hidiO giving the 
tannins 

The total soluble substances 'dvo detenmued by evaporutiiig 100 c.e. of the clear, Mi'red 
solution to dryness, and drying the residue at 100® to 105® until of constant weight.. 

Non4amms. Powdered hide of the best tiuality is employed. Witli this is (in(*<l a 
glass bi'll or funnel (Fig. 410), holding about 20 o.e. ami cm. high and 2 cm. wiih'; 
the tunnel is fitted with a lubbcr stopper, througli wlneli pusses a capillary glass t.ulx* 
(2 min. diameter) bent in the form of a syphon. The short limb of thi^ tube pene- 
tiatcblcm below the stoppoi , and its end is suiToumfed with cotton- or gJass-woolto 
retain the hide The funnel holds about 7 guns, (not less than 5) of slighlly eompressed 
powdered hide, and the mouth of the funnel is elosed by well-washed musUn tied 
tightly on The funnel is airanged almost on the bottom of a 200 c.e. beakm*, con- 
taining a little ot the filtered tainuii solution, and is left for an liour so that the hide 
powder may become moistened uniformly. The beaker is tlu«u filled with the tamim 
solution and suction applied to the long hmb of the syphon (about 20 em. longer t.han 
the Hhoit hmb) so that about 90 to 100 c c. flows out in 1*5 to 2 hours. The first 
30 c.e. Ol so of the filtrate is discarded — until, indeed, a small portion fails to give a 
turbidity with the lufuid obtained by treating 2 grins, of tlie hide powdc.r witli 00 e.c. 
of distilled water and filtering. Of the clear hciuid free from tannin substiances, 
50 c c. are evapoiated in a platinum dish and the residue dried at 100® i.o 105", until 
of constant weight. This weight is multiplied by 2 ami subtrai-tcd from Ihe total 
soluble substances {see above). 

® THEORY C)F TANNING. In the flzst half oflast centuiy, Davy, H^jguin, Dumas, and H<*ri5clius icgarilod 
tthc absorption of tannin by hides as a chemical reaction In 1358 Knapp defined leather as an animal skin the 
flbics of which do not adhere during diying 'owing to the pores sepaiating the fibres b(*iug filli'ii with t.he tannin : 
-tanning would hence be a simple physical phenomenon. Similar views were expressed by Ihdner ( 1 872), i leinzerlhig 
.(1882), Schroder and Passler (1892). 

(1898-1903) also regarded it us a physical process, since neither the tanning material nortlu! llln’cs 
(constituting the hides aie clcctrolytically dissociated, and therefore cannot combine to form a kind of salt. Ucrssog 
Adler, and VVisliconus (1904) also supported the physical theoiy. 
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tanning was introdnced only when the anatomical structure of the skin became exactly 
known and the effects of tanning materials on the dijfferent parts of the hide were studied. 

Various methods of tanning are in use : {a) Mineral Tanning or tawing, by means of alum 
and sodium chloride ; (6) Oil Tanning or chamoising, with fatty materials ; (c) Ordinary 
Tanning with tannin substances ; (t/) Chrome Tanning, using chromium salts (tanning 
with formaldehyde, proposed by Trillat and Payne ; with quinone by Meumer and 
beyewetz ; with naphthols by Wcinschenck ; with rare earths by Garelli ; with fatty acids 
by Knajip, or witJi the coj'respondiug ammonium soaps by Garelli and Corridi, 1909.) 

The prejiaration of the skins for tanning (swelling, unliairing, <&c.) is carried out as 
described below under ordinary tanning. 

(1) Mineral Tanning or tawing is frequently used for light lamb, sheep, and goat skins, 
which, after unhauing {see later), are passed into the limes and aie then, just as in ordinary 
tanning, swelled in an acid bath, which also removes all the lime. They are then placed 
in tJie tanning vat containing alum or sodium chloride solution, without impregnating 
tiicm with fatty substances. Por twenty hides, about 1500 grm. of alum and 500 grm. 
of sodium chloride are dissolved in 50 litres of tepid water. The hides are well saturated 
with this bath and are heaped up still wet for two or three days, after which the}^ are pressed, 
wasliod, and allowed to dry in the air. 

The iinislung of tlie tanned hides is carried out as described later. 

As it luis been ostablished that the hide ih capable of abboibing at its suiface like a colloidal bolution, Stiassny 
(1008) holds that taiuiiii},' consists simply of a physical absorption, since tamiin reacts with scaicely any of the 
known hydrolytic pioducts of hides. Just as coloiiring-niattors aie fixed by caiboii, silica, and alumina without 
tlnne bcitiK any special {iiioups to cllect combination, so also in tanning all the known phenomena buppoit the 
pliysical absorption bypotliosis 

Accoiduig to Stiassny, every tanning process coiibists in the absorption of a dissolved colloidal bubstance by 
the gel of the hide and in simultaiu'oiis secondaiy transfoimations (polymeiisations, oxidations, &c ), to which the 
abhoibc'd matter is subji'cted by the catalytic action of the hide, and which render the absoibed tannin insoluble 
and the process irreversible. 'Ifins is inoio a ])hysico-cheinieal than a physical thcoiy. 

Konnstmii (Vienna) also legards the iihenomcna as a iihysical one, owing to the absence of stoichciometric 
relations. 

On tlic othei hand, Muntz ( 1870) and 8chieinei ( 1800) hold that tanning must be due to a chemical phenoinoiion, 
sineci the same' hide always absorbs t.he same maximum amount of a given tanning matciial, but Kchroder and 
Passler lulvance the objection tiiat below the limit of maximum absorption, the cfuantity fixed vaiics with the 
eoac(‘ntrrat/ion of the bath, there being no stoiclunometric relations characteiistic of ehonneal combination 

Suida, (jelmo, and h'ahrion (Jl)08--ll)08) revert to the chemical theory, and asseit that, as tanning is piecedcd 
by treatment with acid or mordant, slight dissociation or hydiolysis may occui (asm the case in the dyeing oi wool) 
powdi'r fi\(*s sulistantive dyes bet.lor than wool itself, and that the combination does not exhibit 
stoiehmoiui'liie proportions is exjilaiiu'd by the tact that the hide consists of compact fibres and not of separaio 
molee.uh'H as in solution, so that the tanning Inpaoi penetrates only slowly into the interior of the mass, and is 
gradually impoveushed and exhausted. 

t’aiirion ( 1 908-l{)i()) points out that m tanning with foi maldchyde there can be no question o± colloidal mateiial 
(us with iaunin), and with ri'gard to tiu' elimination of alum or tannin fiom leather by the mere action of wat(‘r, 
this is dui‘ to pseudo-tunnmg, i.e, t.o the format, ion of lahih*, readily hydiolysable eomjiounds, the tamun of winch 
becomes lUstributi'd between the liidi* and the water. With n'humiceto the nou-stoicheiometiic relations, ho observes 
t.iiat tihe fixation of more tanmn from concontrat(‘d than from dilute solutions is in accord with the law of mass 
action for revi'rsible clKumcal reactions. 

According l-o Jlcidmihain, SSacharias, and hahrion (1908), both the dyeing and the tanning process occur ni 
i.wo pluist'S, the absorjition and penetration of the tanning substance and the subsequent chemical combination 
of Ihis substance with liu‘ hide <laielh (1007'-J9U)), fioiu the results ot his tanning expi'nments with raie ouiths 
(ceria, thoria, ziiconia), supports this theory, and holds that all substances which in aqiuaius solution can undergo 
liydrolysis forming basKi liydroxules or salts (like cliKimium, iron, and aluminium sall,h) are capable of tanning 
liKh'S (/.c. the hull' hydiolyst's and decomposes the salts, winch thus deposit hydrati's or basic salts on the fibres 
of tlie coriam or derma, the ilbri's and the salts combining to form leather). ''I’lius, Uarc'IJi cfi('ct(‘d taniimg with 
the rare eaiihs, %.e with compounds of the tiivalciit (ceiiiim, lauihaiinm, and didyimum) or tifia’avahmt elements 
(cm’ium, thorium, and zirconium ; idacharias had used stannic salts in 191)8), and the tanning, as whim alum is used, 
IS faciiitati'd iiy sodium chlondis (this was not used with qenc salts, which would generate chlorine). The most 
efici't i VC tannings arc thosi^ in which an oxidation plays a part (the metals iiass from the higher to the lower valency) 
and those with alum, which cannot give salts of lower valency but arc not very stable, and do not resist even 
tJic iirolongcd act, ion of coJd wat.cr (pseudo4(tnnm(/) Ohroimum salts aro reduced to oxides by the skm and fixed, 
while oils and fats must bo oxidisetl (to hydroxy-acids), as otherwise the tannmg is not conqfieto 

K„ L(q)(‘tiiti (Awn. d. i^oe. chim. di 3Ulano, 1907, p 88) asserts that in the tanning of sole and upper leathoi it 
is not Hidflcicnt to cilVct separation and slabihsatiou of the fibres, but tiiat it iH necessary to produce swelling and 
filling of t lui i ntiiH’stices bi'tween t he fibiH's with pUobuphenes. Th(‘so are colloidal substances dissolved or suspended 
in this iaunin extracts and consisting partly of internal anhydiides of soluble tannins {see p 582) and paitly of 
condensation pnxlucis of fonniddehydc with iiolyphcnols and phenolcarboxylic acids derived from the tanning 
vt'giiiable organisms. Indeed, according to Nicriuistoin, the pioducts of the reaction between foimahn and poly 
phenols exhibit tannmg properties, and at the present time glove leather is successfully tanned by formaldehyde 
(Trdlat and X^'aync). Akso Wemsclnmek (1907-1908) stated that a- and /3-naphthols in presence of formaldehyde 
are able to tan hui(‘H, but tliis is deuit'd by Htiassuy and lUcevuto (1908). In tannmg with quinone derivatives 
(suggested by Mmmier aud Seyoweiz) leather is formed, owing to the hydroqumone derived from the quinone 
reacting with the ammo-groups of the pioteins. With foiinaldehydc, thcio is inobably production, by aldol 
condensatkm, of complex colioida] jHilymendes of fuimaldebydc (especially m presence ot alkali carbonate), these 
reacting with anunic coinjilexes in the same way as formaldehyde and the aldols react with aniline {see p. 558). 
'riiuan (1909) found that if the hides are previously treated with fornialdohydo subsequent chrome tanning is 
hastened. 
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Mineral tanning is usually a rapid process, and the alum combines with the corium 
and preserves it, but the leather is not so lasting as that prepared with tannin and can still 
be gelatinised by prolonged boiling with water. 

Chromium salts (the alum and chloride) are often used nowadays in place of alum and 

sodium chloride. 

(2) Chrome Tanning has assumed considerable importance of recent years (since 1895), 

as it is rapid and furnishes boot leather highly resistant to wet ; it is often used also for 
girths, <&G. (aee later. Rapid Tanning). 

This method of tanning can be carried out in two baths or in a single bath. In the 
first case, the prepared hides are steeped in a cold bath containing 40 grms. of dichr ornate 
and 40 grms. of hydrochloric acid for every four litres of water and for every kilo of hide. 
Only one-half of the reagents are added to the bath at first, the hides being stiired with 
a reel for 2 to 3 hours, after which the remainder of the reagents is added and the stirring 
continued for 1 to 2 hours. The hides are then removed from the bath, allowed to drain, 
stretched, and placed in the reducing bath containing 105 grms. of sodium thiosulphate 
per 4 litres of tepid water and per kilo of hide. Here they are stirred for half an hour, 
after which 50 grms. of hydrochloric acid are gradually added (in the course of 1 to 2 hours) 
per kilo of hide ; the hides are finally rinsed with water and the tanning is at an end. 
When, as is now more commonly the case, a single bath is used, this contains a solution 
of either basic chromium oxychloride, Cr 2 (OH) 5 Cl, and common salt, or chro'mo-base, 
which is a basic sulphate prepared by the firm of Lepetit, Dollfuss, and Gansser ; the 
procedure is as in the preceding case. The use of chromium lactate has been recommended, 
since lactic acid reduces chromium salts, even in the cold. 

(3) Oil Tanning or chamoising. This is used to obtain very soft leather for gloves, 
clothing, &c. Deer, stag, lamb, kid skins, &c., are smeared or rubbed with various fats 
(fish oil, wool fat, parafiS.n, egg-yolk, alum, carbolic acid, sodium chloride, (fee.), the absorp- 
tion of which is effected by repeated working of the skins, followed by drying in te])id 
chambers ; the skins are thus rendered impermeable, while they can be washed many 
times without losing their tanning. The superficial fat is finally removed by washing in 
soda solution, the emulsion thus formed, known as degras {see p. 389) being used for currying 
ordinary hides. 

Heavier hides (cow, horse, ox, buffalo) intended for saddlery are subjected to mineral 
tanning (without being treated with lime) and afterwards to a kind of oil tanning which 
imparts to the leather considerable resistance to tension. 

(4) Ordinary Tanning {vegetable tanning). The fresh hides as they come from the 
slaughterers are termed green hides, and in this condition an ox-hido will weigh from 30 to 40 
kilos, its weight being reduced to one-haK by tanning. Many hides arc imported from 
South America in the dried and salted or smoked state. Ox-hidos give tho heavient 
leather for boot-soles, while for lighter soles cow-hide is used ; tho uppers arc made 
preferably from calf -skin. Saddles are made from horsc-hido, pig-skin, and soal-skin, 
while sheep-skin is used for bookbinding leather and goat-skin for morocco leather. 
Deer-skin, goat-skin, <fec., are tanned with oil to obtain chamois or buff leather {see above). 

The hides are first softened by soaking for 2 days or longer (according as they arc green 
or dry) in water, which removes blood and other adherent impurities. They arc then 
placed on a “ beam ” (Rig. 411) and scraped on the flesh side with a curved knife (Rig. 412), 
which is drawn across them horizontally. They are then soaked for 24 hours, scraped 
again, washed in water for a few hours, thrown on the beam and allowed to drain. Tfiis 
operation is hastened if the softened hides are subjected to fulling in a revolving vobsoI 
(Rig. 413) or in a vat containing cold water in which they are worked with wooden mallets. 

In order to remove the hair fixed* in tho epidermis (not in the corium), tho opidormis 
must be attacked and almost destroyed, this being effected in various ways (by putrefaction, 
lime, or sulphides). Putrefaction (‘^ sweating ”) is carried out by salting the flesh side 
of the hides or sprinkling them with crude acetic acid, bending tho hides in two longi- 
tudinally with the hair outside and stacking them in tanks or in a warm chamber (30® to 
50°) ; fermentation soon sets in, accompanied by heating and evolution of ammonhi, 
the hides being then unliaired on the beam with a suitable knife. In order to avoid the 
possibility of excessive heating, the hides are sometimes placed in (jcment troughs fitted 
with perforated, wooden, false bottoms, water being sprayed on to the hides at tho top, 
so that the temperature is kept down to 10° to 12° ; after 8 to 12 days tho hides can bo 
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readily unliaired. The more delicate skins of small animals are treated with sulphides, 
being smeared with rusma, which consists of a mixture of 1 part of arsenic sulphide 
(orpiment) with 2 to 3 parts of slaked lime ; calcium hydrosulphide is also used and gives 
better results. In recent years, sodium sulphide has also been used for heavy hides, unhair- 
ing being easily carried out by scraping the hides (after washing) with a knife against the 
sot of ilio hair, the operation being facilitated, if necessary, by sprinkling a little sand or 
ashes on the hide; the hair serves for the manufacture of felt, but that treated with 
sulphide is converted into fertiliser. When unhaired, the hides are well washed in water 
and beaten on a largo beam with the hair side uppermost ; if necessary, the removal of 
tlio flesh is then completed by means of a knife, the useful part of the hide, i.e, the corium, 
then remaining. 

The hides have by this time lost about 12 per cent, in weight, and those which have been 
limed are next kept for two or three days in several successive infusions of barley flour or bran 
( bran di'ench ’) in active acid fermentation ; to these are added sulphurous or sulphuric 
acid, lactic acid (or better, according to Boekringer, Ger. Pat. 234,584 of 1909, a solution of 
lactic anhydride in ammonium lactate), or acetic acid, the calcium soaps on the hides 
being thus decomposed ; the acids separate at the surface and the soluble calcium salts 
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aro eliminated by washing (at one time, mixtures of dog and bird dung with water were 
used, the action of these being duo to enzymes and amine hydrochlorides). After a few 
days ilio hides swell up to double their original size and become yellowish and transparent. 
Excessive swelling is prevented by the addition of a little tanning material to the infusion. 

All those preparatory operations aro required to make the material to be tanned more 
permeable and more uniform in its behaviour towards the tanning agents, which are 
fixed to the extent of about 30 per cent, (calculated on the dry corium).^ The tanning 
can now be carried out by the following methods : 

(a) Infusion tanning. This process, which is used for lighter hides, consists in passing 
the hides into tanning baths of gradually increasing strength, so that the tanning may be 
gradual and penetrative. The total time required is 6 to 9 weeks, and between each bath 
and the succeeding one the hides are drained, pressed, and fulled in order to facilitate 
the absorption of the tannin. 

{h) Tanning in layers was once largely used but is now employed more particularly 
for sole leather. Fifty or sixty hides are placed, alternately with layers of powdered or 
crushed tanning material (bark, wood, &g,), in a cement or wooden vessel, the empty 
spaces being then filled with the tanning material and the whole covered with water. 
The vessel is then closed with an air-tight cover and left for about 2 months, the hides being 
then transferred to a second similar vessel containing rather less tanning material, where 
they are left for 3 to 4 months, and finally to a third vessel containing still less tanning 
material (4 to 5 months). 

*• y. Oarini {Am* d, Soe* cMm. di Milam, 1903, p. 23, and 1904, p. 144) proposes to use the hydrostatic balance 
in order to obtain the weight of the dry hide from that of the wet hide, without drying. The hides can thus be 
followed through all the operations, from their entry in a more or less moist state. The quantity of tanning 
material fixed oah also be determined at any moment in this way. 
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If the hides are very heavy and resistant, they are passed to a fourth and somot lines 
to a fifth hath or pit, the whole operation then occupying about two years and the consu nip- 
tion of hark being about five times the weight of the dry hides. The C‘om])lefion o( tlie 
tanning is ascertained by cutting the hide and observing that the section is iinilorin and 

without liorny or flcsliy layers, and 
that the grain does not cradc when 
the hide is carefully bent. 

(c) Rapid tanning^ which gives 
a greater output of leather, has 
been attempted in many different 
ways : By immersing and com- 
pressing the hides in relatively 
concentrated tanning baths pre- 
pared from active, modern ex- 
tracts, and containing a, cert-ain 
amount of acid to ])r event 
wrinkling of the hides, tlie tan- 
ning liquor being circulated l)y 
means of pumps without moving 
the hides ; or the skins arc ])laced 
in revolving barrels or drums, the lower half dipping into tanning licj[Uor so that the hides 
are pressed at intervals. The diffusion process is also applied by placing the tanning bath 
in bags composed of various hides sewn together. Tanning in a vacuum has likewise 
been used in order to effect better penetration of the tanning material, considerable 
pressure being exerted automatically on the hides at regular intervals, and the operation 
being facilitated by gentle heat, &c. By these rapid processes {see also Use of Quinone, 
Ger. Pat. 206957, 1907) tanning can be completed in 6 to 8 weeks, this including the 
preliminary preparation of the hides. The actual tanning may, indeed, bo limited to 
30 hours if revolving barrels are used with hot, highly concentrated tanning baths (S^’’ to 
10° Be). When such a rapid process is used it is, however, indispensable to eliminate all 
traces of lime beforehand by immersion in formic acid solution. Other very i-apid metliods 
which are largely used are chrome tanning (see above) and formaldehyde thinning as 
proposed by Payne. 

The tanned hides are then subjected to finishing, which varies considerably wiiii the 
nature of the hide and the kind of leather required. 

For sole leather, the hides from the layers are first dried in the shade and arc then 
beaten or hammered by means 
of a suitable machine (Pig. 414) ; 
in this way the leather is rendered 
more compact, so that the wear 
of the sole is diminished. To 
make the leather of uniform 
thickness and to eliminate lumps, 
scurf, wi’inkles, &c., the hide is 
scraped or shaved on the under 
side {i,e. not the hair side) with a 
sharp curved knife or, better, with 
a machine carrying steel blades 
on a moving band, which can be brought more or less near to tjio skin, the lat-tor Ixung 
stretched on a movable trolley (Pig. 415) so as to facilitate this tedious Uitul troubJcHOUHi 
operation. Regular graining is attained by stretching the hide on a bomih, one side bidng 
fixed to the edge of the bench and the hide then bent over on itself, while a block of 
wood having a concave base with pointed grooves (Pig. 416) is moved backwards and 
forwards over the fold, which is gradually displaced until the whole sui’face of iJio hide 
is covered. 

Artificial grain is nowadays imparted by pressing the hides hot ween speeial lluied 
cylinders. 

Those hides which are required to show, not graining, but a smooth surface are first 
rendered perfectly uniform at the surface by rubbing both sides with pumice by hand or 
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more conveniently by a kind of spindle-shaped grindstone covered with emery (Pig. 4I7)„ 
against which the surface of the hide is gently pressed. In some cases this operation 
is completed by polishing tlie bloom side with a concave piece of wood, similar to that of 
Pig. 416, but with a smooth surface lined with cork. 

The polishing is linished on the bloom side with a heavy, very smooth roller, moved 
horizontally by a rod connected with an eccentric. All these finishing operations are 
carried out mechanically by machines which are continually being improved and which 
cannot be described here. 

Pinally, many leathers with which a certain degree of softness is required, are greased 
with fish oil or a mixture of this with tallow or other fats (wool fat) or d^gras {see p. 389). 
In this operation, which amounts to a second tanning (chamoising, see above), the tanned 
and still moist hides are well smeared with the fat and exposed to the air until the whole 
of it is absorbed. 



Pig. 416. 


Leather for boot uppers is coloured black on the fiesh side by rubbing with concentrated 
solutions of iron acetate and sulphate, treating with oil, 
wax, soap, lampblack, &c., and then polishing with _ 
smooth wood until a shining surface is obtained. 

Por special purposes hides and leathers are coloured 
with basic or mordant aniline colours, the hides being 
first prepared by immersion for 12 hours in cold water 
in which is dissolved the white of an egg for each hide. 

The dyeing is carried out at a temperature of 30°. 

Certain leatliers are varnished with ordinary resin var- 
nislios. In order to supply the great demand for large 
hides for the hoods, &c., of carriages, ox-hides and cow- 
hides arc nowadays divided, tlie more resistant part being 
kept for the hoods, and tlie flesh side for the seats, &e. 

The use of pure water is indispensable in all tanning 
operations, since water wliicli is too hard and rich in lime 
readily produces white efiiorescence on the hides. The Pig. 417 

presence of iron in flic water results in the formation 

of dark ])atchcs, while sus]icndod organic matter is always harmful ; waters containing 
these substances must hence be thoroughly purified before use {see vol. i, pp. 218 and 665). 
In order to avoid the formaimn of the white elTloresccncc — due to the combination of lime 
with the fatty matters of the tanning materials — it has been proposed to replace the fats by 
mineral oils, which do not give calcium salts, or to wash the hides well with dilute lactic or 
formic acid which form soluble calcium salts. The suggestion has also been made that 
the hides bo dressed, not with fats, but with the anhydrides or lactones of fatty acids, as 
trheso form calcium salts more slowly (the purgatol recently placed on the market consists 
mainly of anhydrides or lactones). 

England’s cxjiorts and imports of hides arc as follow : 



Rawhides 

Tanned hides, leather 


Imports 

/ 1910 £12,882,320 

( 1911 11,104,320 

f 1910 11,824,741 

I 1911 12,227,006 


Exports 

£1,757,762 

1,685,583 

4,686,485 

4,880,932 


0. HYDROGENATED BENZENE COMPOUNDS 

Considerable interest attaches to the numerous hydrophthalic acids studied 
by Baoyer in their various constitutional and stereo-isomerides {cis- and tmns- 
isomerides ; see p. 21). 

They behave largely like unsaturated aliphatic compounds (see p. 520), as 
they no longer possess the stability of the true benzene nucleus. The position 
of the true double linkings in these compounds is determined by the addition 
of bromine or by subsequent elimination of the latter by reduction, with or 
without substitution of hydrogen, according as the two bromine atoms are in 
para- or ortho-positions, Simple boiling with alkali often effects displacement 
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of a double bond (as -with oleic acid ; see p. 293), so that it is possible to pass 
from one isomeride to another. 

The di-, tetra-, and hexa-hydrophthalic and terephthalic acids can he 
dehydrogenated in stages by heating with bromine at 200° ; many of them 
form anhydrides. 

From' the results of his investigations on the hydrophthalic acids Eaeyer 
drew important conclusions concerning the eon.stitution of the bonzeno nucleus. 


Many important hydrogenated benzene derivatives occur naturally, among 
them the naphthenes, found in abundance in Russian petroleum (see p. 63), 
which contain hexamethylene groupings (see Polymethylenes, p. 620) Syn- 
thetically they may be obtained, for example, from calcium pimelate : 


CH2<^g^]Qg^QQ^Ca = CaC03-|-CH2<^g®; (ketohemmelhylene). 


CH»- CH, 


Also, by condensing 2 mols. of ethyl succinate with sodium and then 
hydrolysing the product and heating at 200*^, f-diheiohexamelJiyUne is obtained. 
Hydrogenation of benzene and its hoinologues, by passing their vapours, 
mixed with hydrogen, over heated finely divided nickel, yields hexamethylene ^ 
and its homologues, hexahydrofhenol (b pt. 160*5®), and p-dikeiohexamcthylene 
(m.pt. 78°). The latter gives the corresponding alcohol, quinitol (p-diJoydroxy- 
hexamethylene), which forms various cis- and imw^-isomerides. Inositol, 
hexahydric alcohol derived from hexamethylene, is isomeric 
with the hexoses, but with HI or POI5 yields true benzene derivatives. 

Various naphthenic acids are obtained by oxidation of the naphthenes of 
petroleum [see p. 63), and are distinguished from open-chain acids by forming 
soluble magnesium arid calcium salts ; by this means they can be detected 
when used in the manufacture of soaps. 

Still more interesting are the terpenes and the camphors, which are found 
in various plants and form the principal constituents of many ethereal oils and 
essences and of many resins. 

QUINIC ACID (Tetrahydroxyhexahydrobenzoic Acid), C02H*CeH7(0H)4, 

is optically active, hut only an inactive modification is known. It is obtained 
from the roots of coffee, cinchona, &c., and forms white cry>stals. 


TERPENES 

These are regarded chemically as hydrogenated derivatives of cymcnc 
(dihydrocymene) and its homologues, and have the generic formula 
They are not soluble in water, but can be readily isolated from the natural 
products owing to their volatility m steam. 

The chemical constitutions of the principal terpenes have been established 
mainly by 0. Wallach’s investigations over a period of more than twenty years. 
By their syntheses, their halogenated additive compounds, their behaviour 
towards oxidising agents and their molecular refraction {see p. 26), it has 
been shown that they contain two double linkings and a closed ring of six 
carbon atoms. 

There is, however, a group of more complex terpenes (pinene, camphone, 
fenchene, &c.) which have only one double bond. In order to define the position 
of the double linkages (A), Baeyer numbered the fundamental carbon atoms 
of the cymene as in the first figure of the following scheme, which shows the 

1 HEXAMETHYLENE (kernhydrobemene, cyclohemne, or nayUhem) is found in Caucasian petroleums 
and IS obtained synthetically from iodohexamethylene or 1 ; S'dibromopropane. Tt is a colourlCRS liquid smeniii/? 
like petroleum, and it boils at 80® and resists the action of permanganate. By hydriodic ac 4 d ai/ high it'mperui uros 
it IS converted into methylpentamethylene. 
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constitution of five terpadienes out of fourteen possible theoretically without 
counting enantiomorphs. 
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To indicate the position of the double linking in the side-chain, instead of 
giving only the lower number of the two carbon atoms united to the double 
linking, as in the case of the nucleus {e.g. III = A^*®-terpadiene or 
limonem ; I = A’^'^-terpadiene), the numbers of both the carbon atoms 
united to the double linking are given, the higher number being bracketed 
(e.<7. IV = A^>^(^)-terpadiene ; V == A^’®(^)-terpadiene). In the official 
nomenclature the name terpane is given to Hexahydrocymene, Cj^oUgQ, 
Tetrahydrocymene, being called terpene and the Dihydrocymenes, 

terpadienes. 

As separated from plants or fruits, the terpenes are generally mixtures, 
and when obtained from conifers are termed oil of turpentine. Essence of 
lemon gives citrene ; thyme, thymene ; cumin, carvene ; orange, hesperidine, 
&c. Although their boiling-points differ little ( 160 *^ to 180 °), they form tetra- 
bromo-derivatives and dihydrochloridos with widely different melting-points, 
those comi.)ounds hence serving for their separation. 

Properties. Owing to the presence of double linkings, which act as in 
ali])hatic compounds, the terpenes can combine with four bromine atoms or two 
mols. of H(J 1 (the halogen being readily replaced by hydroxyl, with formation 
of camphor) and also react with nitrous acid or nitrosyl chloride, forming solid 
Nitrosites, Nitrosochlorides, CioHi0(NO)Cl, which are 

also solid and sometimes blue. 

They oxidise easily and with mild oxidising agents give benzene derivatives, 
whilst on energetic oxidation they resinify ; they polymerise readily, and 
by acids, for instance, are converted into more stable isonieridcs. In alcoholic 
solution they give characteristic colorations with concentrated sulphuric acid. 
They are usually optically active. 

They often accompany the natural perfumes of fruits and flowers, which, 
now that they have been subjected to thorough chemical study, can be obtained 
purer and of increased value. ^ 

^ PERFUME INDUSTRY. A coiiBidorablc number of the natural perfumes have been prepared from the 
very eaiiicst timcH, but witli the perfected methods of extraction now available they are obtained in highei yields 
and in a more highly refined condition. The most abundant supplies of raw material have always been, and are 
still, obtained from eastern countries, where whole provinces arc often devoted to the cultivation of flowers. 

The most delicato porfumes are those obtamod fiom flowers which contain, along with the odorous principle, 
other subsianccs which refine the aroma and render it softer. The name artificial perfumes was at one time 
given to mixtures, in proportions carefully chosen, of the fundamental natural essences, a great variety of perfumes 
being thus obtained ; this, however, reciuircd a very highly developed sense of smell in the operator. 

y'ho discovery of artificial perfumes did not diminish the consumption of the natural products since these 
became cheaper and thus appealed to a largo public. 

9’ho consumption of perfumes fluctuates with the fortunes of a nation. The early Eastern races and then the 
ancient Egyptians introduced perfumes into religious ceremonies, their secular use being often forbidden. Gradually, 
however, they became used for domestic purposes, together with many different pomades and, in some cases, dyes. 
Egyptian pomades wore held in high esteem by Cleopatra. With the ancient Greeks, the use of perfumes and 
cosmetics assumed considerable importance and often degenerated into abuse, and Socrates states that if even a 
slave is anointed with a good perfume ho will exhale the same odour as his master. 

Perftimory flourished under the Romans and declined with the Empire, being re-ostabhsbed in Italy only a 
11 3^ 
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CINENE (A^®(»)-Terpadiene or Dipentene; Inactive Limonene), CioHkj, is found 
together with cmeol in oleuM and also in and in, Kiissian and Swedish 

txii’pentine oils. It is formed by isomeric change when camphene, active hmonene, jiinene, 
&c„ are subjected to protracted heating at 260° to 270°, and is obtained, together with 
isoprene, when rubber is distilled, 2 mois of the isoprene, CH 2 : CH * 0 ( 0113 ) : OH 2 , under- 
going condensation. 

It has a pleasant odour of lemons, and boils at 176°. Nitrosodipentene (inactive 

tlie tuno of the Eenaishance It then pafesed into Fiance, wheie it became a tmo national industry, culminating 
at the time of the peifumed Court of Louis XV, 

Until about the middle of last centuiy, Fiance enjoyed almost a monopoly in this industry, but when .scicncu 
pervaded this branch of human activity, the clcvei Fieiich rulo-of-thumb mamifaetuieib did not grasp quickly 
enough the benefit to be derived from a rational development of thou industiy, of which England <ind liussia, and 
more especially, during the past quarter of a centuiy, (Germany have taken advantage. At Crassc and Cannes, 
m the south of France, however, the natmal perfume industry is still of impoitanec, certain factories tlealing 
with as much as 3000 kilos of violets (40 to 50 millions of floweis) at a time. 

As has been already mentioned, the piimo materials come mainly from Eastein Euiope, and at the pi ('sent 
time also from the Far East. But the cultivation of plants for perfumes is still largely carried on m the South of 
Fiance and in Sicily 

In annuals the essential oil is foimed m the gieeii oigans, and tho majority of it is found in the llow'eis Ix'fore 
ertilisation The extraction of perfumes fiom flowers and lea\cs is carried out in various ways : (1) By distillation 
with direct or indiiect steam or in vacuo, the distillates of diffeient densities being separated ; this method is used for 
lavender, losemanj, ihijme, oninge blossom, and roses, which aie unaltered at steam heat. (2) By infusum foi 12 to 
48 hours at 60® to 65® with pure fats (olive oil, d:c,), the floweis being lencwed four to six times until the fat is 
highly peifumed , the extracted flowers are pressed to free them from fat, and the perfumed fat run into enamelled 
iron vessels as a concentrated pomade , in this W'ay aie treated cassia, violets', pnqmls, and sometimes orange 
blossom and roses, when mixed with othei floweis. (3) By absorption in the cold of the more delicate' pi'i fumes of 
jessamine, heliotwpe, and tuberoses ; in vessels fvith glass w^alls smeaied with fat or eoveiud with cloth soaked 111 
oil, the petals aie pressed and lubbod, being lenew'ed every day ; aftci some days 01 at tho end of the season 
the perfumed fats are shaken for a long time with alcohol, which extracts all the piirfume. To obtain colourless 
products, Pner passes a slow cunent of air through the flowers and then on to the fatty suifaco. (4) By dissolution 
The use of this method is spreading, as it gives highly concentrated, very delicate perfumes. The llow’i'rs are 
immersed 111 petroleum ether, carbon disulphide, &c., the peifume being extracted by a cunent of "steam fioin 
the solvent, which is afterwards recovered. (5) By pressure with hand 01 hydrauho presses, this method being 
employed with orange-peel, beigamot, iris rlnzomes, <S:c. The yields obtained pei 1000 kilos of leaves or llow'crs 
are about as follow : 1 kilo of orange oil 01 ncroli, from the flowers (value £24 to £28), or 3 kilos of petit grain 
(from the leaves) ; 1 kilo of essence of basil (£6 to £8 per kilo) ; 1200 grms. of essence of oitronella (88». per kilo) ; 
9 to 15 kilos of eucalyptus oil (from the leaves) ; 120 gims. of essence of jessamine (from fiesli flowers) ; 1 kilo of 
geranium oil (fiom flowers and loaves) ; 10 kilos of oil of lavender ; 6 kilos of marjoram oil; 2 kilos of mint oil; 
3 kilos of myrtle oil ; 2 to 10 kilos of wsemary oil , and 200 to 600 grms. of rose oil. 

The exports from Sicily and Calabria and the imports to Italy of essences were as follow ; 


Expoits from Sicily and Calabria 

1906 

1907 

1908 

1009 

1010 

Orange oil 

kilos 

136,739 

162,274 

173,265 

242,762 

143,825 (£97,800) 

Bergamot oil . 

,, 

63,510 

87,638 

74,842 

73,803 

61,788 (£82,930) 

Lemon oil 

jj 

440,500 

469,385 

476,842 

361,647 

425,076 (£154,025) 

Vaiious (mint, mandaim, 

(fee) 






oils 

kilos 

— 

— 

28,500 

31,800 

13,500 (£14,800) 

Imports into Italy 







Q 

0 

0 

kilos 

2,446 

2,165 

1,038 

1,969 

1,878 (£1,502) 

Mint oil . 

,, 

6,628 

6,484 

4,391 

5,334 

8,031 (£14,200) 

Rose oil . 

„ 

493 

341 

101 

m 

100 (£3,020) 

Various oils 


67,797 

77,510 

1 

81,830 

90,661 

00,228 (£79,380) 


As much as 100 quintals of flowers for perfumes (at. 28s. per quintal) are disiiatched per day from 8an Bemo 
n the spying and summer. 

In the neighbourhood of Giasse, Cannes, and Nice the pioduction in 1902 was 2,500,000 kilos of orange blossom, 
3,000,000 kilos of lose leaves, 200,000 kilos of jessamine, 160,000 kilos of violets, 150,000 kilos of tuberoses, <&c., all 
these being extiacted on the spot. 

In Germany, although the climate docs not seem veiy favourable, the cultivation of c.erlain flowi'-rs for perfimu'S 
IS largely earned on in some districts. The peifumery factories have hundreds of heetaies of land under llowi'is 
not only foi commercial purposes, but also for analytical and reseaieh work One ht'eiare yldil.s 10,000 to 15,000 
kilos of rose leaves. At one time the fiim of Scliimmcl (Leij zig) tieatcd as much as 600,000 kilos of fivsh rose leavt's 
per day, 300 kilos of rose oil being extracted ; tins was repeated two or three times in a month (June). A kilo 
of the oil is sometimes obtained from 2000 kilos of the leaves. 

Bose cultivation is, llo\^ever, carried on most extensively in Turkey and Bulgaria, where iirefei'i'niie is given to 
the red lose (Mosa damascccna), winch gives on an average 1 kilo of oil per 4000 kilos of leaves, although white roses 
(Eosa alba), giving 1 kilo of oil per 5000 kilos of fresh petals, arc also laigeJj^ grown, 'the product, from the latter 
variety is less fine, but it gives an oil crystallising at 18® to 20® and is used to mask oils of lower quality ; tho 
market value of the oil is judged more particulaily from the freezing-point, which should bo between 17® and 19® 
for good qualities. Adulteration with alcohol or spermaceti is easily discovered, but it is more diflicuit to detect 
additions of geranium oil oi» palmarosa oil. 

In 1887 Turkey produced 2400 kilos of pure rose oil (attar of roses), whilst in 1004 and 1006 the output reached 
3600 kilos. The annual production varies veiy cons'cleiably, as the plants suffer gioatly in diy sc asci.s, especially 
water is scarce in tho month of May preceding the harvest; in 1007 indeed, tho output was only 2000 kilos; 





595 


PERFUMES 

carvoxiine) molts at 93°. Wiili HCl, cinene gives two steieoisomeiic dipentaie dihydio- 
chlorides (1 : 4-dichloroterpaiies), melting at 50° and 25°. Tlie tetrahromide melts at 125°. 

CARVENE (c^-Limonene, Hesperidine, Citrene), CioHig, forms the greater part of 
orange-peel oil and also occurs abundantly in cumin oil, anetlium oil, &c. ; lemon oil is a 
mixture of pinene and limonene. It is a liquid boiling at 175° and is optically active 
although readily convertible into inactive dipentene. It forms a dextro-rotatory 
tetrabromide melting at 104°. 

In Bulgaria roses are still more largely grown, and here, too, the production varies widely. The exports of pure 
oil wcio as follows : 3190 kilos (£71,280) m 1897 , 3900 kilos m 1902 ; 6200 m 1903 ; 5000 m 1904 ; less than 
4500 in 1905, In 1907 the exports were valued at £168,000, and m 1908 at £184,000 ; in 1909 6053 kilos were 
exported. At one time two-tlmds of the oil went to Fiance, but now only onc-thiid goes to the French factories 
the rest being sent to England and Germany. 

In 1910 England impoited natuial ethereal oils to the value of £320,218, aitiflcial elheioal oils to the value of 
£34,369, and alcoholic perfumes to the value of £00,176. The United States imported peifumes and other toilet 
prepaiations to the value of £303,600 in 1911. 

The price of aU<o of roses vanes from £32 to £80 pei kilo, and was formeily higher than this. 

In 1901 II von Soden patented a process for obtaining more refined and delicate perfumes from flowers. He 
fiist obtained a pclioleum ether oxtiact which was then evaporated and the lesidue taken up in alcohol, the latter 
being distilled olf and the residue distilled in steam. It must, however, be pointed out that with this process, 1 kilo 
of the finest lose oil would now cost £1520 and 1 kilo of oil of \iolets almost £4000. 

From what has been already stated, it will be recognised that considerable interest attaches to the study 
of the composition and constitution of these essences and to their aitificial production by synthetical methods. 
In former times, \anous aitiflcial peifumes have been obtained empirically, as was also the case with the first coal- 
tax dye, yet it has icquired systematic chemical investigation to open up new fields in this direction During the 
last thuty years, the consumption of perfumes has incieased fiom £480,000 to £2,400,000, owing to the diminished 
puces of the natural and artificial products. 

The first aitiflcial peifumc was introbonzcno or aitiflcial myibane oil, which was discovered by JVIitscheilich m 
1834, placed on the maiket by Colics and manufactured on alaigescaleby iiitiating benzene from tar by Mansfield 
in 1847 In about 1840, Pina oxidised sahcin (a glucoside found in willow bark) and thus obtained sahoyl- 
aldehydo, which is the pleasant smelling essence of Spurn uhna) la (meadow-sweet). A few years later — m 1844 — 
Cahouishuccecdcd ai isolating the active principle of gaultliena or wmtergrecn oil, consisting of methyl salicylate, 
which can be obtained synthetically by heating salicylic acid with methyl alcohol (wood spirit) and sulphuric acid. 
Many of the natural pi'rfumes contain aldehydes, and in 1853 Jlertagnini showed how they could be separated pure 
liy first combining Ihi'm with bisulphite. Bcnzaldehyde was synthesised by Cahours in 1808, and coumarin, the 
esb(‘noc of Asperula odorata by Perkin iii 1875 In 1876 llaarmanu and Tiemann aseeitained the constitution of 
vanillin, later preparing it from conifeiiii or, better still, from eugenol extracted from clove oil. In 1888 Baur 
prepared nrhfiml musk 

In J893 'riemaim and Kruger succcedud in eftectmg the synthesisof violet oil, pieviously obtained at enormous 
(‘xpense from the natural fieweis and costing more than £600 per kilo. They also separated irono, the odorous 
pnneiific of ins i ont., and deti'i mined its chemical constitution. Immediately aftei wards they picparod synthetically 
an isomeride of irone, iowmc {see later) to which the dehcatc odour of the violet is due. These investigators heated 
cii.ral, winch oecuis in abundance in lemons, with acetone, acetic anhydiidc, acetic acid, and sodium acetate, 
obiaiiung first pseudo-ionoiio, which lias an unpleasant smell, and, wiien treated with mineral acid, yields lonouc. 
T’hi'so pioccsscs were patented by Ticmaim and disposed of by him to the most impoitant perfume manufacturers 
for £10,000. 

The study of the chemical coustitaition of the components of perfumes leveals a ceitam relation between the 
aroma and the presence of definite atomic groupings {osniophotes) and attmnbls wore made to establish a peifumo 
theory on a similar basis to the colour Ihooiy of aniline dyes, the eharacteristic groups of which arc tcimcd chroma- 
phores. It has not yet been found iiossiblc to formulaic a theory as iigurous as that for the colouriiig-inattcrs, 
and all that has bei'ii fixed is that aldehydes, ketones, mixed ethers, Ax*., oftim enter into the eonstitutiou of 
perfumes, and that the introduction of certain alcoholic residues into tlie molecules may uitensify oi modify the 
aroma. 

The action of piTfumes on the olfaetory nerves is not thoroughly uuduihioovU although it is regarded by some 
as due to vibrations of the ether similar t o those by which light and heat aic transmitted, these vibiations originating 
from the oxidation of the substance in the air. This hypothesis seems to be supported by the fact that many 
odorous Hulistances emit no smell when workcil and distilled in an mi'rt gas instead of in air. it is now, however, 
gi'iK'rally assumi'd that tbo hiuell is propagated liy small iiartieles or molecules, which become detached ami, in 
1 he stat e of gas, come int o contact with and excite the papilla) of the nasal mucous membrane. The fact that certain 
substances bave little snu‘11 in ibe pure or couceiit-rated state and acquire their maximum smoU only when coii- 
sidt'rably diluted, is well explained by modern views on solutions, dissociation in dilute solutions giving rise to the 
correspoiuling ions, which become detached and excite the olfactory sense. That imrumal traces oi these substances 
transmit pcrfuim* is shown by the retention of this property by garments which have been washed five or six times 
see Experiment described in voL i, p, 3). A series of tests, controlled by the olfadomeUr, showed that most men — 
who have J)y no nu'ans a very delicate sense of smell in comparison with other animals — ^perceived the odom* of 
1 part of jirussio acid In 100,000 of water, 7 per cent, of the individuals examined detecting it in a dilution of 
X m 2,000,000. Of the woiiK'n tested, however, not one was able to detect prussic acid in a dilution as small as 
3 in 20,000. These results support the view that male animals are very sensitive to the odour of the females, 
whieh serves to excite their sexual passions. Some individuals, termed anosmic, arc quite without sense of 
smell. 

The following data give an idea of the influence exorcised by the artificial products on the prices of perfumes in 
general : vanillin cost £120 per kilo in 1878, £35 in 1890, and £3 in 1892, while for holiotropine the price was £100 
per kilo in 1883 , £15 in 1890, and about 30s. in 1902. That the consumption of the natural products has not been 
diminished but has increased is shown by the importation of vanilla to France, which amounted to 29,000 kilos 
in the period 1857-1866, and to 137,000 kilos iii 1887-1896. 

T'or tht) year 1897 it was calculated that the total imports into and exports from Germany of ethereal oils and 
perfumes amounted to £920,000, 

The Italian imports of alcoholic perfumes in 1904 were valued at £18,640 and those of non-alcoholic at £18,560, 
while the exports were valued at £3440 and £16,000 respootively. 

For fruit essences see p. 371. 
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Z-LIMONENE, CioHie, the constitution of which is shown on p. 593 (V), can be obtained 
from d-carvone, and occurs, together with 1-pinene, in pine oil. Its tetrabromide melts 
at 104°, 

SYLVESTRENE, CioHisj is possibly derived from m-cymeno and torms a dextro- 
rotatory component of turpentine. It boils at 176° and gives an intense blue coloration 
with concentrated sulphuric acid and acetic anhydride. 

TERPINOLENE (A^’^'®^-Terpadiene), CioHjej the constitution shown at IV on 
p 593. It is obtained by the elimination of water from terpincol and molts at 185°. 

TERPINENE, CioHie, boiling at 179° to 180°, is obtained in the transformation of 
various terpenes. Its nitrosite forms monoclinic crystals melting at 155°. 

DIHYDROCYMENE, CioHie, obtained synthetically from ethyl succinylsuccinate, 

boils at 174°. _ ^ 

PHELLANDRENE, CioHie, is known in both the la3vo- and dextro-rotatory forms, 
these having the same chemical and physical properties (excepting the optical rotation) 
and boiling at 172°. The former (1-) is found in Australian eucalyptus oil and the latter in 
Anethum foeniculum and in water -fennel oil (Phellandrium, aquaticuni), 

MENTHENE, CioHis, boils at 167°. MENTHANE (Hexahydrocymene), CioHso, 
boiling at 170°, does not occur naturally, but is obtained by hydrogenating cymene in 
presence of nickel. 

COMPLEX TERPENES 

Like the preceding, these are composed of a monocyclic system, but with 
two rings ; they have only one double linking, and hence combine with two 
atoms of hydrogen or halogen. 

They can be converted readily into cymene and its derivatives. 

The following four diagrams show how a trimethylene ring or bridge is 
formed in Carane (not known in the free state, although the corrcspcmdiiig 
saturated, synthetic ketone, Carone, is known), a tetramethyleno ring in 
pinane and pinene, and a pentamethylene ring in camphane : 



Carane Pinane Pinene CampliaiKs 

PINENE (Terebenthene, Laurene, Menthene, &c.), CioH^j (constitution, shi abom>), 
forms one of the principal components of oil of turpentine, occurs also in sago and juniper 
oil, and, mixed with sylvestrene and dipentene, forms Russian and Swedish turpentine oil. 

When incisions are made at suitable seasons in certain varieties of pine, iir, and larcli, 
a kind of balsam is exuded in the form of a juice which gradually changes to a soft losin, 
more or less clear according to the quality. This is known as ordinary turpentine or American, 
French, Venetian, according to the particular tree and to the locality of origin. When 
turpentine is distilled with steam, the liquid essence or oil of turpentine (iur])H) is collected 
separately, the residue, which is sohd in the cold, being Colophony.^ The dhoct extraction 


‘ COLOPHONY (wsin) IS Imrd and brittle, its sp. gr. being 1-060 to 1-086 at 15® and its fracinn^ .shining and 
conchoidal. According to the quality, its colour vanes from yellow to brown, but it gives a whitish powder. Ai. 
70® it becomes soft and it forms a hind of emulsion with hot water. It always melts below and it is rciadily 
soluble in alcohol (1 in 10 ), ether, benzene, petroleum ether, and carbon disulphide. Ji burns wiih a smoky (lame 
and, when subjected to dry distillation out of contact with the air, yields resin oil. It contains uhietie add, 
which has two double linkings, melts at 165°, and is soluble in hot alcohol, l^rom gullvpot rosin (Jhnus nmritima) 
'pimanc acid^ C 20 H 30 O 2 , m.pt. 148°, has been obtained. 

Colophony has the rotatory power —69-6®, and the acid number 145 to 186, 

One cubic metre of fir contains about 10 kilos of turpentine, which yields as much as 7 kilos of colophony, 
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of tlie turpentine from resinous woods by means of suitable solvents (hot wood-tar mixed 
witli pine oil ; U.S. Pat. 852,236) has been suggested. Oil of turpentine is rectified by 
heating with steam in presence of 0*5 per cent, of quicklime. As the oil always rcsinifies 
to some extent when exposed to the air, it is often desirable to redistil it before use. The 
strong and less agreeable odour of Russian and Greek turpentine oils is removed or lessened 
by shaking with a solution of permanganate, dichromate, or persulphate. 

Fresh oil of turpentine is clear, colourless, and highly mobile ; it has the sp. gr. 0-855 
to 0-876 and boils at 156° to 161°. It absorbs and combines with considerable quantities 
of ozone and oxygen — part of the latter. being converted into ozone and the oil at the 
same time resinifying. It dissolves sulphur, phosphorus, rubber, and resins, and is hence 
used for varnishes, lacs, oil paints, &c.i 

Permanganate in acid sblution transforms it partly intoPinonic Acid, CioHigOs, while 
witli dilute nitric acid it gives Terephthalic and Terebinic Acids, C 7 H 10 O 4 . It reacts 
violently with iodine in the hot, forming cymene. The relation between resins and aromatic 
compounds is established by the fact that when the former are distilled with zinc dust 
they form aromatic hydrocarbons, while if fused with potash they give di- and tri-hydroxy- 
benzencs. Resin substitutes or artificial resins are now prepared by heating phenols with 
formaldohyde in presence of hydroxy-acids (e.g. tartaric acid) or mineral acids (Blumer, 
Eng. Pat. 12,880 of 1902, and Fr. Pat. 361,539 of 1905 ; also Baekeland, 1909). 

According to the preponderance of Iscvo- or dextro-pinene, turpentine oil is Iscvo -rotatory 
(Venetian, German, and French) or dextro-rotatory (Australian). 

Pineno contains only one double linking, and hence unites with only 1 mol. of HCl, 
giving Pinene Hydrochloride, C 10 H 17 CI, which melts at 125°, and has the smell of camphor 
( Artificial Camphor). When treated with alcoholic potash, this hydrochloride is converted 
into CAMPHENE, CioHio, m.pt. 50°, which is known in three optical modifications and is 

wliilo 1 cu metro of pine gives 22 kilos of turpentine, this leaving 16*6 kilos of colophony ; the larch gives an 
intm'moiUate yield. 

Oolophony is used in largo quantities for mixing with soaps (see Resin Soaps, p. i20), for sizing paper, for making 
varnishoH, mastics, ttc. In the United States 35 per cent of the total output is used in soap -making. 

Larg(‘ ((iiantitios of iii ar(‘ incorporated with artificial wax (ccrasin), which is thus cheapened; to deodoiise 
the ii'sin, ill IS finely ground, macc'iatcd with dilute sulphuric acid for five or six days and thou suspended in hot 
wat(*r and subjected to a jot of steam for some time. After this treatment it melts and mixes well with the 
eerasni. 

Colojihony is also used for making sealing-wax by mixing with shellac, turpentine, and a larger or smaller 
numbm- of mineral sulistances (chalk, burnt gypsum, magnesia, zinc oxide, baryta, kaolin, &c.), according to the 
quality rcipiired; tlu‘ fused mass is coloured with cinnabar (for the finer red qualities), minium, ferric oxide, 
or red ochriL ''File best qiialitdcs eont.ain only 40 per cent, of mineral mattci and are mainly shellac, while the 
inf(*rlor kinds contain as much as 70 per cent, of minerar matter, the residue being principally colophony. 
Healing- wax is coloured black by lampblack or boncblack, green by Prussian blue, yellow by chrome yellow, or 
blue by ultramarim* ; when fusi'd, colophony may bo coloured also with algol or indanthreno dyes (q.v ). 

Italy imported 18 quintals of sealing-wax in 1808 and 01 m 1910, the corresponding exports amounting to 21 
and 86 ciuintals r(‘spectivoly. ' 

In 1905 Oermany imported 41,042 quintals of shellac and sealing-wax, of the value of £779, 800, and exported 
9,175 quintals (Cl 96, 280). 

In 1909 200,000 cases of sealing-wax wore dispatched from Calcutta to England, Germany, and the United 
Htates. 

Tlio import.aiIon of colophony int.o Italy amounted in 1896-1899 to an average of 122,700 quintals; in 1905 
to 125,000 quintals (£72,450) ; and hi 1910 to 149,000 quintals (£119,200), mainly from North America. Its price 
varies from 128. to 28fi. per quintal. 

In 1010 England imported 75,000 tons ofjosm (colophony), of the value of £880,682, and 8700 tons of shellac and 
sealing-wax, of the value of £627,029. The United States exported 2,269,000 barrels (£2,474,800) of rosin in 1910 
and 2,415,000 barrels (£3,241,600) in 1911, and imported 12,000 tons (£638,200) of sealing-wax m 1910 and 8000 
tons (£478,000) in 1911. 

^ OIL OF TURPENTINE. Most common are the French, English, Russian, German, and American 
varieties, 40,000 tons of the last-named being landed at Hamburg, London, and Antwerp in 1897. In 1908 the 
output in the United States was 1,700,000 quintals (£2,800,000), one-half of this being produced in Florida. 

In 1902 Glermany imported 63,600 barrels, in 1906 about 68,000 barrels, and in 1908 77,000 barrels (68,000 from 
America and 9000 from France) ; in 1909 the impoits were 318,884 quintals (£1,200,000), and the exports 12,467 
(juintalB, 100,000 tons of turpentine resms and balsams (£880,000) being also imported, and 21,000 tons exported. 
In 3909 England imported 222,000 quintals of oil of tmpentino, and in 1910 23,612 tons (£1,001,216), whilst the 
United States export-od 14,252,000 gallons (£1,925,400) in 1910 and 18,198,000 gallons (£2,187,400) in 1911. 

Italy's impori-R of oil of turpentine were as follow : 30,963 quintals in 1906 ; 30,088 in 1907 : 33,316 m 1908 ; 
20,982 in 1909, and 27,941 (£113,760) in 1910. In the United States (on the Savannah maiket) the output was 
calculated at 675,000 barrels m 1907-1908, 725,000' in 1908-1909, and 680,000 in 1909-1910. 

In 1904 there were 1287 turpentine distilleries in the United States, with a total capital of £1,400,000, and 
in 1909 3686 distillories with a capital of £2,480,000 and an output valued at £6,200,000. 

The price varies from 56s. to 768, per quintal and reached a minimum in 3908. 

The smell of European turpentine oil has been improved by treatment with oxidising agents, such as perman- 
ganate, porsulphates, or chromic acid, or, better still, with hydrogen peroxide sodium peroxide, barium peroxide, 
or oxides of nitrogen. 

By suitable application of Halphen's reagent (p. 381) or mercuric acetate, 0. Grimaldi (1910) was able to 
detect adulteration with pine oil or resin oil. 
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transformed by oxidising agents into camphor and by ozone into the ozonide (Harries, 
1910), these reactions establishing its constitution, FENCHENE is similar to camphene 
but is an optically inactive liquid, boiling at 158° to 160° ; it resisis the action of nitric 
acid, but not that of permanganate. 

CAMPHANE, CioHis, forms white volatile crystals melting at 154° and boiling at, 160°, 
and is obtained by reducing d- or 1-bornyl iodide. It is optically inactive, and is the 
saturated hydrocarbon of the camphor nucleus. 

HOMOLOGUES OF TERPENES. The most interesting lower homologuo is Hemi- 
terpene or Isoprene, CgHg [see p. 90), which gives various terpenic polymerisation products, 
such as (C 5 H 8)3 (Clovene, Cedrene, Caryophyllene, &c.), C 20 H 32 (Colophene), Ciolfio 
(Rubber),^ &o. 

^ RUBBER {caoidchoue) is obtained from the milky juice exuding when incisions are made in the stems of certain 
plants. The latter are mainly tropical trees {Apocynecp, Moracece, BuphorMacecPf &c. ; Siph(mia eJashca^ more 
especially in Brazil, and JJrceola elnstica in Eastern India) According to Henri (1906-1008), the faintly alkaline 
latex contains the rubber, ready formed, in the form of minute emiilsifled drops (50 millions per e.e ), which 
are in continual movement, and of which this author was able to obtain a cincniatograpluc n^piesciitataoii , 
a eoagulum is produced by acids, by salts of divalent metals (Ca, Mg, Ba, &c ), and l(‘ss lapnlly by salt s of tri valcnti 
metals, &c , but not by alkalis The conditions of coagulation, which arc not identical with dillVrcnt; vanct-ics of 
latex, are m general related to the quality of the rubber yielded. The best quality (Para rubbor) is obtained by 
drying superposed thin layers of fresh latex m a mould by means of liot gases until about, a liundreil layeis, each 
about 0 5 mm.’in thickness, are obtained. The commoner qualities aic set by the heat of the sun, with addition 
of acid, water, formalin, or a trace of mercuric chloride ; the clectrolyt.ic separation of rubber has also been BUggested 
(Ger. Pat. 218,927 of 1908), but, according to Pahl (Gcr. Pat 237,789 of 1910) hydrotluoric acid or carbon dioxide 
gives the best results. The fundamental component of rubber, the hydrocarbon, CioHto, is mixed with varying 
quantities of a resin soluble in alcohol or m acetone ; Para rubber contains less than 2 per cent, of rosin, but the 
inferior qualities as much as 8 to 10 per cent. The removal of mineral subslanccs and organic detritus is elToct.od 
by manipulating, softening, and cutting the rubber m cold water, first in a kind of hollandcr {see Pap(‘r), i.hon in 
a mechanical pulping machine and between loUs ; the water is then removed and the rubber dn(‘d at 40” I .0 50” 

The consumption of rubber on a large scale began fifty or sixty years ago, after it had been found pOHsibln to 
render it unattackable by ordinary reagents and solvents and to keep it elastic even when exposed to the air and to 
heat This is attained by vulcanising (suggested in 1839 by Goodyear and by Hancock), which coiiBists ni mixing 
sulphur with the rubber and heating in an oven or m a steam apparatus at 110” to 140®. Vulcan 1 nation can also 
be carried out in the cold, by immersing the rubber in a mixture of sulphur chloride and carbon disulphide. I’lie 
weighting materials or fillers, eg metallic oxides, kaolin, barytes, &c. (10 to 15 per cent.), art' added with ibe 
sulphur. In place of sulphur chloride, which may give rise to a little hydrochloric acid, liloch (Ger. Ibit. 
219,525 of 1908) has suggested hydiogen disulphide, HgSs, or trisulphide, HaSa, dissolved in acetone or carbon 
disulphide. 

According to 0. 0. Weber and Honnques (1894), in vulcanisation m the cold, the excess of SaCla may form 
compounds with the rubber varying in composition from (CioHie) 24 , S 2 Cl 2 With 4 3pei cent, B, to (OioUjft) 24 , ( 82612)84 
with 23'6 per cent. S. 

B. Stem (1909) holds that the quantity of sulphur fixed is variable, while Ilinrichson (1910) maintains that the 
amount of S 2 CI 2 combined is constant. Ostwald (1910) explains vulcanisation as an adsorption phenomenon of 
the colloidal rubber, and assumes that the sulphur forms a senes of icaction products, the first and last nnunber.s 
of which cannot be isolated, and that the process is paitly reversible. 

By protracted vulcanisation of rubber with 60 to 75 per cent of sulphur or sulphide and mixing in minora 
substances (gypsum, chalk, inorganic colours, &c ), ebonite is obtained (Guttapercha is similar to rnbbi'r bu 
contains oxygen.) 

Rubber has a brown or black colour and is insoluble in wntor when not xnileani.sed, and more or 1 (‘.h, 4 soluble 
n chloroform, ether, petroleum ether, benzene, or carbon disulphide. VulcaniHod rubber is almoHt insoluble in 
these substances, but dichloi ethylene, C 2 H 2 CI 2 , forms an excellent and non-infiammable solvenl.. 

With age, rubber (tubing, &c.) becomes hard and brittle, and cracks. According to Wo. Ostwald (fJor. Pat 
221,310 of 1908), it lasts longer if qmnoliiio, aniline, dimethylanilmc, Ac., is us(‘d 111 its preparat ion. 

Rubber is recovered from vulcanised waste by subjection of the lattiT, after ri'moval of the iinpunth's and 
comminution, to thej[iction of steam under a pressure of 6 atmoa. By this mi'ans a huge part of the sulplmr 
seems to be converted into sulphuric acid, which can be readily removed with water or soda. Th(‘ ri'sidiu^ is (‘om- 
pressed into strips, but it is always an inferior product. There arc now numerous patents, sonu* of them faiudful 
for devuleanising rubber by means of alkaline solutions, phenols, naphthalene, aniline (Ger. Jhit. 90,689), <fec. In 
1907 Tissier obtained good results by macerating used, finely divided rubber with double its weight of ii'rpineol 
in a closed vessel at 120” to 150®, then diluting with 4 part.s of benzene and decant/ing tlu' solution fiom the 
impurities. The benzene is recovered by direct distillation and the torpmeol by dmtillation in sti'iim. In gen(*ral, 
devulcanisation is based on depolyraerisation of the vulcanised nibber where the Riilphur ih not united eln'mieally 
with the rubber ; it is almost impossible to eliminate the .sulphur which is combined ch(‘mically. Old riihlx'r, W(‘il 
devulcanised and then again vulcanised, seems to give a more resistant product but of lowi'r qualit y, 'riio Unit.ed 
States import 10,000 tons of used rubber for reclaiming The Mitchell proccHS is often used in America for 
obtaining rubber from old articles (boots, rubbered textiles, Ac.), which are treated with sulphuri<' acid of 20® to 
25® B4., this destroying the textile fibres but not the rubber. 

The chemical constdution of the hydrocarbon of rubber, CioHio, was determined by Harries (1905) by means of 
its ozonide., which decomposes into levulmie aldehyde, so that the hydrocarbon must, be ri'garded as 

OHa.d . OH* . (dla * (HI 

derived from an eight-earbon-atom ring (a ring never yet found in natural producta); 1| 1| 

OH. (Hr^-OHa-C-OH*. 

In 1909 Harries obtained true artificial rubber by polymerising isoprene in presence of glacial acot.ic acid in 
sealed tubes at 100® : (20 bH 8).^ = (GxoHie)^, but the piocess is too expensive to be used imlustrially. The firm 
of Bayer (Elberfeld) also obtained artificial rubber from isoprene and from Brythreno OiHs (see p, 90 ; also 
Ger. pat. 235,423 and 235,686 of 1909 and Br. Pat 425,582 of 1911), by prolonged heating in presence of benssenc, 
^c., but this product is also very expensive ; in consequence of this method of formation, the formula attributed 
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Other hydrocarbons related to the terpenes are: ionene and irene, two isomerides 
of the formula, C 13 TT 18 , the ketones of which, Ct 3 H 2 oO, are irone and imone, i.e, the aromatic 
l)rinci})le of iris root, having a marked violet smell. 

lONONE (Artificial Essence of Violets) was prepared synthetically by Ticmami and 
Kriiger in 1883 by shaking equal proportions of citral and acetone with barium liydr oxide 
solution, extracting with ether and expelling the latter by evaporation. 

The fraction of the residue boiling at 1 38° to 155° is Pseudoionone, which is transformed 
into the isomeric ionone by the action of dilute acid (Ger. Pat. 75,120). According to 
Ger. Pat. 113,672, the condensation may be effected by water in an autoclave at 170°, 
while in presence of sodamide it takes place at the ordinary temperature (Ger. Pat. 
147,839). See also Ger. Pat. 138,939. 


by TIai nos to tlic hydrocarbon is now contested. Various patents have recently been taken out for the preparation 
of uoprem, dumthylbutadiene, erytlircne, &c , as prime materials for artificial rubber (Eng. Pats 29,566 and 29,277 
of 1909). The Bailischc Anihn und Soclafabrik (Ludwigshafen) obtained lUbber by heating isoprenc and dimcthyl- 
huiudiono (Fr. Pats. 417,170 and 417,768 and Eng. Pat 14,281 of 1910) in presence of alkali, which has a poly- 
merising action. Harries (1911) showed that various isomeric artificial rubbers exist, with the generic formula 
OhTTio. Contrary to Weber’s statement, ITinnchseu (1909) showed that the latex of rubber trees does not 
coniaiu dilerpenos, which polymerise to form rubber but that the latter exists ready formed m the latex. 

I’he world’s production of rubber was 52,190 tons 111 1899 ; 59,750 m 1901 ; 68,500 in 1904 ; 73,680 in 1905 ; 
75,300 in 1907, and about 80,000 tons (ii30,000,000) in 1910-1911. The French East African possessions give 
7000 tons ; the French Congo 3000 and the Belgian Congo 6000. The total consumption n 1904 was distributed 
as follows : United States, 26,470 tons ; Germany, 12,800 (about 15,600 in 1909) ; England, 10,000 ; France, 
4 130 ; Aiistria-TTungary, 1320 ; ITolland, 1218 ; Belgium, 748 (increasing rapidly) ,* Italy, 548 Onc-half of l.he 
world’s output, of rnbbei comes from Brazil, which produced 28,600 tons in 1902 and nearly 34,500 tons in 1908. 
M(‘xieo expmts rubber to the value of £1,280,000. The exports from Ceylon wore 450 tons in 1908 ; 750 m 1909, 
and 1700 in 1910, while Abyssinia exported 9 tons in 1008 and 79 tons (£15,280) in 1909. A considerable part 
of till' total output of rubber comes from Africa (Senegal, Madagascar, the Congo, the Cameioons, &c ), the exports 
being 16,000 tons in 1900 and 23,500 m 1906. The East Indies pioduco about 2000 tons per annum, but the culti- 
vation of rubber is increasing rapidly. Brazil expoitcd about 27,000 tons of lubber, at £60 per ton, in 1902 ; 
3 1 ,600 tons in 1 905 ; and 35,000 tons, vahi<‘d at £1 ,720,000, in 1906 In Malacca the English have rapidly extended 
the rubber phuitations, the exports being valued at £17,000 in 1900, aim at £720,000 (1580 tons) in 1908, 1017 
t.ons being exported in 1007. The number of nibber-pioducing trees was 27,500,000 in 1907, and 37,600,000 in 
1908. The most suitable cliinat,e and soil for rubber arc found at Malacca. 

’Pho areas under rubber in dillcrent eoiiiit.i’ies in 1911 were as follow : Malacca, 170,000 hectares ; Ceylon and 
Boutheni India, 110,000 ; Borneo, 85,000 ; Mexico, Biazil, and Afiica, together, 45,000 ; German colonies, 20,000 
’Phe mean yield of rubber is calculated at 42 kilos pei hectare m Ceylon and 38 in Samoa. 

fi’he Russo-Ameiican lluhhei Company of St. Petersburg produced rubber ai tides to the value of £4,800,000 


in 1907, £5,360,000 m 1008, and ,£5,800,000 in 1909. 

fn tJennany there were 339 faetoiies (with 12,500 employees) for making rubber and gutta-percha articles in 
18t)5, and 100 faetnries, with 35,000 employees, a capital of £5,000,000, and an annual output valued at £10,000,000, 
in 1908. In 1904 GiTinany nuporUul 17,407 tons of rubber of the value of £5,400,000, and oxpoilod 4560 tons, 
worth £1,400,000. In 1908 Oenimny imported more than 13,000 tons of raw rubber, 1500 ions of it from the 
German African (‘olonies, especially the Caincroons ; in 1910 the imports wore about 10,000 tons 

in Italy the firm of BiridU and C.O., founded m 1872, has two factories for the working of rubber, with a total 
capital of £600,000, an anmial turnover ol £040,000 (including submarine cables), and about 4000 operatives. A 
leas important factory is that of the Italian company for4ho manufacture of rubber at Milan. Haw rubber imported 
intiO Italy iiavs no duty, but the manufactured product pays fiom £2 to £3 per (quintal. Lho imports of raw rubber 
and gut.ta-percha amounted t,o 6688 quintals in 1904, 7069 in 1905, 1500 in 1908, and 18,800 (£980,000) in 1910; the 
exports, in the form of string, ribbon, and tubing, being 030 quintals in 1904, 1183 in 1905, and 109 in 1910 The 
tutal imports wore 5716 quintals in 1904, 8001 in 3905, 2400 in 1908, and 2800 (£112,000) in 1910 ; and the tota 
exports, 3580 quintals in 1004, 4884 in 1905, 026 in 1908, and 1150 (£92,000) in 1910. 

Belgium occupies 1900 workpeople, m the rubber industry and France 9000 (in 1901). ^ 

'Ihe amount of rubbi'r imported int,o England was 35,000 tons (£14,138,200) in 1909 and 43,o00 tons(£26,096, r 90 
tnLU'ther with 4800 tons (£1,136,500) of gutta-percha, in 1010. 

^ ’Ihe imports of rubber i.o the United States were 40,500 tons (£19,600,000) in 1910 and 37,000 tons 
(£14, 880, 000) in 19U, ni addition to 16,000 tons (£601,000) of waste rubber in 1910 and 8000 tons (£306,000) m 


(imn-pmha resembles rubber, and is obtained mostly in Singapore and Borneo from a large tree, Isomndra 
mrrhn ARer purification and manipulation in hot water, it sets in the cold to a hard mass, soluble slightly in 
ctlKU' and alcohol and more readily in hot bonzono, carbon disulphide, or chloroform. It is used as an elcctrica 
insulator ami for making various articles 

The price of raw rubber has increased rapidly from 3205, per quintal in 1850 to 4485. m 1890 and 6645. m 1907 
(at Hamburg). The finer qualities of Para rubber cost 7205. in 1902, 12805. m 1905, and 12805. to 16005. in 1909 
Giitta-pcrcba costs 3605. per quintal. It is estimated that the cost of native labour in the Congo district is not 

cTTtacTTTUTES Many of these have been prepared, but the only one of much practical import- 
ance. ifi tl 10 Ho-callcd factis, of which two types are on the market ; white and brown or biack. The latter is made by 
boiling rape oil or linseed oil in an open vessel for two hours, cooling, and passing a current of air through it for 
lh.rty-Jx Uom It » Wtanisfa by aUdmg 2 por cent, of flowers of sulphur, boating for two horns at U0“ 
Sig a further 1 por cent, of sulphur, and raising the temperature to ISO^ when it bepna to rise White factiS 
is obtained by treating the oil with 20 i-o 26 por cent, of sulphur chloride (free from dichloride) ; the energy of the 
reaction may bo modified by adding the sulphur chloride dissolved in carbon disulphide. The mass m obtained 
in sheets or blocks by pouring it immediately on to cold metal plates or moifids. These substitutes are almost 
M rstic as rubber and arc used to adulterate rubber, their price being 725 to 965. per quintal ; they are msolnb c 
in water or acid, but dissolve slightly in dilute alkali. They are distinguished from rubber by being saponifiable 
uith alcoholic potash. 
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The constitution of synthetic ionone is : 

CH3 CH3 

\/ 

0 



CH-CH: OH-CO-CH 


3 


CH, C-CHs 

\/ 


CH 


Ionone (100 per cent.) costs £152 per kilo, and i^-ionone, £60 ; the 20 per cent, solutions 
are sold at one-fifth of these prices. 


CAMPHORS 

While the terpenes are liquids, the camphors are generally solid. They 
contain alcoholic or ketonic oxygen, and the principal ones with a single ring 
are : Menthone, CioH^gO, and Terpinol with the same formula, while Menthol 
and Carvomenthol are C10H20O, andXerpin Among the camphors 

with complex rings are true Camphor, Fenchone, and Carone, CiqHi^jO, and 
Borneol, C^Qlligd. 

The camphors poorer in hydrogen and oxygen contain double linkings, 
form additive products, and are readily oxidised, while the others behave like 
saturated compounds. 

When reduced with sodium, the ketonic camphors yield the alcoholic 
camphors, which are conyerted into the former on oxidation. It is possible 
to pass from the camphors to the terpenes by way of the chlorides, and reduction 
of the alcoholic camphors often gives the terpene hydrocarbons. Thus, the 
Terpane (hexahydrocymene) can be obtained by reducing the Terpanol {menthol, 
C10H20O), which contains a hydroxyl or secondary alcoholic group, this being 
transformed by oxidation into the ketonic group with formation of Terpanone 
{menthone),'^ so that the hydroxyl should be in the ortho-position with respect 
to the CHjj and C3H7 groups, as is shown below in the constitutional formuL^e. 

2 14 

On the other hand, since Carvacrol, C6ll3(OF)(CIIj})(C3H7) (isomeric with 
carvone or earvol), of known constitution, gives on reduction a terpanol 
{carvomenthol with the hydroxyl in the position 2) different from that of menthol, 
the hydroxyl of the latter must be in position 3 : 
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Menthol 

Menthone 

CarvomnnUiol 

Carvomenthone 

(terpanol), CnjHgoO 

(terpanone), Cn,HigO 

CioHjqO 

CioTIigO 


MENTHOL (3-Terpanol),CioHi9*OH, occurs in abundance in oil of peppermint, from 
which it can be obtained crystalhne by cooling. It melts at 42®, boils at 213®, and has 
the strong odour of peppermint. The position of the OH is established by the fact that, 

^ Ciamician and Silber (1910) showed that, in alcoholic solution and under the action of light monthono is 
hydrolysed with formation of decoic acid, and an aldehyde isomenc with citrondlal (p. 210) 
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with bromine in chloroform solution, menthone (which is the corresponding ketone, boiling 
at 207°, and having a strong smell of peppermint) gives dibromomenthone, and elimination 


of 2FrBrfromthe latter gives thymol having the known constitution, C^H. 




OH, 


ycH, 


the CHg and OH are here undoubtedly in the meta-position, since elimination of the C3H7 
by means of P2O5 yields m-cresol. When heated with copper sulphate, menthol yields 
cymene. Pour isomerides of menthol are possible theoretically. It is used as an anaesthetic 
and as a disinfectant. 

PULEGONE (A'^^®)-T€rpen-3-one), CioHjeO, predominates in oil of pennyroyal 
{Mentha pnlegmm). It is a ketone boiling at 222°, and on reduction gives menthol, so 
that the carbonyl group is in position 3. 

CARVONE (Carvol or Terpadien-2-one), C10H14O, is a ketone giving Carvoxime, 

: NOH, which exists m optical isomerides and is identical with nitrosolimoncnc. 
It forms the principal component of cumin oil, boils at 228°, and is converted into Carvacrol, 
OH, when lioatcd with poiasli or phosplioric acid : 
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TERPENOL (A'’^”kTerpen-l-ol), CioHiaO, molts at 70°, and, like tctramethylethylcnc, 
forms a solid blue nitrosochloridc, tlic double linking being in the 4(8) -position, between 
two tertiary carbon atoms. 

TERPINEOL (A-Terpen-8-ol), CioH^kO, melts at 35°, boils at 218°, and is known 
in the form of various optically active isomerides. It has a ])leasing odour of lily of the 
valley, lilac, and cyclamen, and occurs in ethereal oils. With sulphuric acid it forms 
torpin hydrate, which is also converted back into torpinool by sulphuric acid. 

TERPIN (1 : 8-Terpandiol), CjoHi 8(OH)3. Torpin liydrate, CioH2o^2’H’20, is slowly 
formed from oil of turponthio, (loHia, in contact witli dilute nitric acid and alcohol. This 
crystalline hydrate molts at 117° and then loses 1 mol. of HgO, anliydrous terjiin distilling 
over at 258°. This is ojitically inactive and is not obtainable in active modifications, 
so that the presence of asymmetric carbon atoms is excluded. The hydrate is also obt-ainable 
from geraniol by the prolonged action of 5 ])er cent, sulpliuric acid, 2H2O being added at 


the double linkings : 
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Nitric oxide oxidises terpin, giving Terebic Acid, ■which ha,s the kno'wn constitution* 

GOgH 

(CH3)2:C-CH-CH2 
O CO 

SO that the position 8 must he occupied by a hydroxyl ; the other hydroxyl can only bo 
in position 1, since otherwise an asymmetric carbon atom would he obtained. 

CINEOL, CioHigO, has the constitution of terpin less HgO, which is eliminated from 
the two hydroxyls, an atom of oxygen thus remaining united to the two carbon atoms 
1 and 8. Cineol melts at - 1®, boils at 176° and occurs in abundance in eucalyptus oil 
and in oil of wormseed. 

FENCHONE, CioHieO. The dextro-form occurs in fennel oil and the hrvo in thuja 
oil. It is a ketone similar to camphor and can be converted into Fenchene. 

CAMPHOR {ordinary camphor, laurel camphor, or Japan Camphor). 
CioHigO, is the constituent which separates in the solid form from the essential 
oil of Laurus camphor a, a tree which is cultivated in China, J apan, and Formosa, 
and grows well in Southern Europe (Italy). 

The wood (thirty to forty years old) is chopped up and boiled with water 
until the camphor floats at the surface ; on cooling, the crude camphor sets 
to a solid mass, which can readily be separated. In some cases the camphor 
is distilled directly from the wood in a current of steam. The yield is about 
1 kilo per quintal of wood. The crude product is refined by mixing with quick- 
lime and charcoal and subliming at a gentle heat. 

It is obtained thus as a white, crystalline, and not very hard mass, which 
has a characteristic odour, and partially sublimes at the ordinary temjicraturo. 
It melts at 178°, boils at 207°, and has the sp. gr. 0-922-O-995 (the finer Borneo 
camphor has sp. gr. MO). In alcoholic solution it is more or less dextro- 
rotatory, according to its origin, but unairicaria cam,phor (from the leaves of 
feverfew, Matricaria parthenium) is Isevo-rotatory. 

With iodine in the hot it forms carvacrol {see above), while oxidation with 
nitric acid gives Camphoric Acid, 0gHi4(C02H)2, which exists in two active 
and two inactive forms. Further oxidation yields Camphoronic Acid, ^ 0^, 
which gives trimethylsuccinic acid on dry distillation. When distilled with 
PgOg, camphor loses HgO and forms cymene. On reduction with nascent 
hydrogen, ordinary camphor gives Borneol {Bo?meo camphor), 
which melts at 208°, boils at 212°, and when oxidised gives ordinary camphor, 
which it strongly resembles. 

Between 1860 and 1893 various constitutional formuke for camphor were 
proposed by Kekule, Armstrong, Bredt (1884), and G. Oddo (1891), the last 
of whom gave a formula which explained well all the reactions and properties 
observed up to that time. More and more acceptable constitutions were 
given by Widmann (1891), Collie (1892), Bouveault (1892), &c., and finally 
by Bredt (1893), 

The constitution of camphor now seems to be definitely established as the 
result of various syntheses, especially that from ethyl oxalate and ethyl 
/3/3-dimethylglutarate, two compound!^ which are obtainable synthetically 
from their elements. The various stages in this synthesis are as follow, 
R indicating the alkyl group : 

CODE H * CH ' COgE CO * OH * CO^E CO — OH CO^R 

I I 'I 

+ CH/C-CHs — > CHg-O-CHs — CHs-O'CHj 

I i ! I 

COOR H-CH-COjR CO ,• CH • CO^B CO~C(CH3) -CO.R 

Ethyl Ethy ^iS-dimethyl- Ethyl diketoapo- Ethyl diketo- 

oxalate glutarate camphorate -camphorate 



CAMPHOR 


CHg— CH -COoR 

1 

CHs— C— CHs — 

GHa— C(CH3)-C02R 

Ethyl camphoiatc 


CHa — CH — CHo. 

I ’\ 

CHs— C— CH, >0 

I ■ / 

CH, — C(CH 3 ).C 0 '^ 

Campholide 
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CH, — GH-CHg-CN 
CH3— C— CH, — ^ 

I 

CH, — C(CH3)— CO2H 

Homocamphonc nitrile 


CH, - CH— CH2.CO2H 
CH3— C— CH3 
CH, — icHg)- CO2H 

ITomocamphoric acid 


CH, — CH CH, 

I 

CH3— C— CH, 


CH, — C(CH3)— CO 

Camplior “ 


This constitutional formula proposed for o-camphor by Bredt, although 
still contested, is the one generally accepted by chemists, since it corresponds 
best with most of the reactions of camphor. In 1911, Bredt and Hilbing 
prepared fi-camphor, containing the CO group in the /3-position, from bornylene- 
carboxylic acid ; it melts at 182° and boils at 2134°. 

Camphor forms strongly rotating energetic sulphonic acids, ejj. 
,CH*S0,H 


C«H 


H<(' 


CO 


which are able to resoivc many racemic compounds into 


their active components. 


Since many terpenes give camphor on oxidation, many attempts have been 
made to prepare artificial camphor from oil of turpentine.^ The latter contains 
pinone, CioHi^j, which is readily convertible into borncol, CioH 3 7 -OH, or 
isoborneol, this giving the inactive racemic compound corresponding with 
natural camphor on oxidation. 

According to Gor. Pat. 134,553, when anhydrous turpentine is healed for a long time 
at 120° to 130° with dry oxalic acid, a mixture of camphor with pinyl formate and oxalate 
is obtained ; after washing with water, the latter arc hydrolysed with alkali and the 
resultant borneol converted into (*amj)hor by oxidation with dicliromalo and sulphuric 
acid. 

At Monvillo, near Kouen, a factory was creetod in 1 90G to manufacture artificial camphor 
by the ])rocoss described in Fr. Paf-. 340,800 (of Behai, Magnier, and Tissior, and similar 
to U.S. Pat. 770,377) : ^A mixtnre of oil of turpentine and salicylic aciel is heated and, 
after dimination of the exitess of the reagents, the isoborneol ether is hydrolysed to a 
mixture of borneol and isoborneol. Another factory, near Calais, utilises Schoring's method 
(Fr. Pat. 341,513), alfcady in use on a large scale in Berlin, and also applied in a factory 
established in 1000 in Finland. 

According to Fr. Pat. 340,852, pinone hydrochloride is first prepared and then heated 
under pressure with load acetate in acetic acid solution, ihx^s giving camphene, which with 
permanganate forms cuamphor ; or treatment of the pinone hydrochloride with a formate 
gives the formic ester of borncol, which can bo readily hydrolysed. The final oxidation to 
obtain camphor is carried out in various ways : by oxidising the borncol, in benzene or 
petroleum ether solution, with aqueous alkaline permanganate (Oor. Pat. 157,590), or by 
means of ozone, air, or chlorine water ($ee, Eng. Pat. 28,036 of 1007 and Ger. Pats. 166,722 

> It has boon pointed out that a difliculty in tlio way of the further dovelopmont of the present artificial camphor 
industry may bo the excessive price of oil of turpentine, this having risen from 56s. per quintal m 1900 to 96s. 
in 1906 ; those conditions miglit easily be aggravated by the formation of a trust. Eurther, the demand for 
camphor may diminish m the future, since substitutes are continually being found capable of replacing it in 
celluloid, which up to the present has consumed about two-thirds of the total camphor produced. The fact that 
natural camphor — almost entirely monopolised by the Japanese d-overnment — can be sold, without loss, at X44s. 
per quintal constitutes a menace to the future of artificial camphor, which could never be sold at that price and 
depends on a raw material the price of which cannot be regulated. In addition to the 70 per cent, absorbed 
in the manufacture of celluloid, natural camphor is used for explosive powder and guncotton (2 per cent.), for 
pharmaceutical preparations (13 per cent.) and for various other purposes (16 per cent.) 
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and 154,107), or by oxidising isoborneol in aqueous acid solution with penuanganate 
(Ger. Pat. 197,161 of 1906). 

Camphor was obtained by A. Hesse by means of the Grignard reaction, and it is also 
formed by fusing borneol with finely divided nickel (1911). 

Natural camphor may be distinguished from the artificial product by 
mixing it intimately with an equal weight of chloral hydrate : the former 
gives a syrupy mass, but the latter does not liquefy. Camphor is used in 
pharmacy, for fireworks and nightlights and, in large quantities, in the manu- 
facture of celluloid'^ and for rendering explosives insensitive to shock. The 
price of camphor varies somewhat, and during the Russo-Japanese War rose 
considerably ; it is usually about £24 per quintal. The cost price of artificial 
camphor seems to be about 4^. per kilo. 

The production of camphor in Japan and Formosa (State monopoly) amounted to about 
3,500,000 kilos (three-fourths in Formosa) in 1906, and to 4,300,000 kilos, 2,000,000 kilos 
being exported (two-thirds to Havre, London, and Hamburg, and one-third to America), in 
1907. After the war with Russia, Japan, with her monopoly of the production of camphor, 
tried to raise the price. From about 2s, 5d, per kilo in 1903 it became 45. ^d. in 1006 
and 1907. At the same time large plantations were laid out in Formosa, 1,300,000 trees 
being planted in 1907, about 1,400,000 in 1908, and more than 5,000,000 in 1909. The 
rise in price caused increased production of artificial camphor in Europe, and, owing to 
this competition, the price fell again to 2s. per kilo at Japanese ports in 1 91 1. The exporta- 
tion from Japan, which had fallen to 1,500,000 kilos in 1908, rose to 2,430,000 kilos in 
1909, but steps are now being taken to regulate the output so tliat the price may not bo 
lower than the actual cost of production, this being about I5. 9d. in Formosa and 2s. lOd!. 
for camphor produced in Japan. 

In 1906 Japan prepared 1,600,000 kilos and in 1907 more than 3,000,000 kilos of 
camphor oil. 

An association was formed in the United States in 1908 to sterilise the camphor trees 
of Florida and Texas, the system of cultivation being thus improved. 

The exports of camphor from China were as follow : 120 quintals in 1902 ; 060 in 1 003 ; 
725 in 1904 ; 2450 (£60,000) in 1905 ; 6000 (£220,000) in 1906 ; 11;600 (£280,000) in 1907— 
the total output being 16,000 quintals ; 4820 (£108,000) in 1908, the total output being 
8000 quintals ; £100,000 worth in 1909 and still less in 1910. Trees have been used up 
in China without new plantations, which require 40 years before giving good trees, being 
established. Continuance of this procedure willresult in the complete destruction of camphor 
trees in China in seven or eight years. 

England imported nearly 387 tons of camphor in 1899 ; France about 546 tons and 
Germany more than 1000 tons (£320,000) in 1903. The average price of camplior in Hamburg 
was 1415. in 1881-1885, I8I5. in 1886-1890, 2355. in 1891-1895, 2685. in 1896, and 2OO5. 
in 1897. It now tends to increase owing to the Japanese monopoly. 

The United States imported in 1910 1700 tons (£226,000) of crude natvral camphor, 
and in 1911 1150 tons (£165,000), besides 160 tons (£23,000) of purified and artificial 
camphor. The exports of celluloid and articles made therefrom amounted to £28(^800 
in 1910 and £420,200 in 1911. 

The world's consumption of camphor is about 5000 to 6000 tons, almost all placed on 
the market by Japan, which has collected Chinese camphor since the monopoly there 
came to an end in 1904. 

Camphor is not produced in Italy, where, however, according to the excellent -mono- 

1 Celluloid is obtained by mixing nitrocellulose and camphor in the following manner : weH-Htabilisod 
powdered, and partially dried collodion-cotton (with 10 to 11 per cent X. ; see p. 239) is soaked in alctohol in a covered 
centrifuge, then gelatinised with alcohol and one-third or one-fouith of its weight of camphor, coloured, if ru'ec'ssary, 
homogenised between rolls and then formed into dense, compact blocks by pressing while hot. It is tluui ready 
to be cut, sawn, compressed, polished, &c , its marked plasticity when hot being utilised in working it. It is a 
homogeneous, transparent, colourless, or yellowish substance without taste and of sp gr. 1 *37. If siifflcienliy 
dry it is odourless, but, when rubbed or heated, it develops a slight smell of camphor. It IH a very bad (Hindueior 
of heat and electricity, and its elasticity is about equal to that of ivory 

Celluloid IS used for ^kmg toys, balls, combs, walking-stick handles, tortoiseshell objects (substitutes for 
tortoiseshell, amber, ebonite, <fec ), films, &c. It has the disadvantage of burning rapidly and energetically (without 
exploding) when brought into contact with an ignited or incandescent body. If the collodion-cotton used is well 
stabilised, celluloid will withstand a temperature of 126® or even higher. It can be charged with mineral substances 
to render it less inflammable and heavier. 
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graph presented by Giglioli at the International Congress of Applied Chemistry at Eome 
(1906), it could be produced advantageously on a large scale. Italian requirements are 
met by the importation of 20 to 25 tons per annum of refined camphor from Germany 
at a price of 2805. per quintal prior to 1898,4005. after 1902, and 4805. after 1908 ; the 
import duty is 205. per quintal. Italy imported 1000 quintals of celluloid in 1906, 2407 in 
1909, and 4267 (£102,410) in 1910. 

The value of the imports of celluloid into Japan were: £48,000 in 1905, £80,000 in 
1906, £30,000 in 1907, and £60,000 in 1908. The import duty is £4 per quintal for celluloid 
in strips or in the crude state, and 40 per cent, for manufactured articles. Two large 
celluloid factories erected in Japan in 1908 produce annually 500,000 kilos, 300,000 kilos 
for exportation, and the rest for home consumption, this being previously supplied by 
importation from Germany (five-sixths) and England (one-sixth). In three large centres 
(Neckaren, Troisdorf, and Eilenburg), Germany produces annually about 5,500,000 kilos of 
celluloid of the value of £1,360,000. 


P. CONDENSED BENZENE NUCLEI 
DIPHENYL AND ITS DERIVATIVES 

DIPHENYL, CgHg-CgHg, or ^ y, is formed by treating 

an ethereal solution of bromobenzene with sodium (Pittig), by the trans- 
formation of hydrazobenzene, or by diazotising benzidine and decomposing 
the resultant product. It can also be obtained by passing benzene vapour 
through a red-hot tube. 

It forms colourless crystals melting at 71° and boiling at 254°, and is soluble 
in alcohol and in ether. On oxidation with chromic acid, it gives benzoic 
acid, its constitution being thus confirmed. 

Of monosuhstituied products of diphenyl, three isomerides are possible, 
corresponding with the o-, m-, and p- positions with respect to the carbon 
joined to the second nucleus. Disubstituted derivatives exist in numerous 
isomeric forms, as the substitution may occur in only one nucleus or in both ; 
in general, however, the substituents enter preferably the para-positions, 

BENZIDINE (;p : ;p-Diaminodiphenyl), -NH^. Nitration 

of diphenyl yields p : p-dinitrodiphenyl, which, when reduced with zinc dust 
in alkaline solution, gives benzidine. The latter may also be obtained by 
electrolysis of nitrobenzene ; see also Ger. Pat. 122,046, according to which 
azobenzene is electrolysed in hydrochloric acid solution in presence of stannous 
chloride. 

When pure, benzidine forms colourless scales melting at 122° and then 
subMming. It dissolves slightly in cold water, but readily in hot water, ether, 
or alcohol. It is a diacid base and gives a sulphate, 032H8(NH2)2,H2S04, 
almost insoluble in water. 

It is largely used in making substantive dyestuffs (such as Congo red and 
clirysamine, which dye cotton without mordants), being first diazotised and then 
combined with naphthylamine or naphthalenesulphonic acids. 

Crude benzidine costs about 56‘. per kilo and the pure product 48^<f. The 
crude sulphate in paste (63 per cent.) costs 2^. per kilo and the pure 365. 

A higher homologue of benzidine is o-Tolidine, Ci2He(CH3)2(NH2)2, ^^'hich 
melts at 128°, and the diazo-compound of which combines with naphthionic 
acid to form a red substantive dyestuff, benzofurpurin 45. The dimethoxy- 
compound, (0*0113)2, of tolidine is dianisidine, which with a-naphthol-a- 
sulphonic acid forms benzoazurin 0 (substantive blue). 

CeH.s, 

CARBAZOLE, | ^NH, is found in coal-tar, and can be obtained 
CeH/ 
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synthetically by distilling o-aminodiphenyl over red-hot lime or by gently 
heating diphenylamine vaponr. 

The unions of the nitrogen with the two phenyl groups are in the diortho- 
positions, 



NH, 


so that carbazole may he regarded as a pyrrole derivative (me later). It 
forms colourless scales melting at 238° and readily subliming, and it dissolves 
in concentrated sulphuric acid, giving a yellow coloration. 

From diphenyl can be derived, four isomeric Dihydroxydiphenyls, 
Ci 2 H 8 (OH) 2 ; the Diphenylsulphonic Acids ; Diphenyl Oxide, (C^H.j)20 ; Hexa- 
hydroxydiphenyl, 032 H 8 ( 0 H )8 (the. mother-substance of caerulignone) ; and 
the Diphenylcarboxylic Acids (the di-p-acid is a white powder, insoluble in 
water, alcohol or ether ; the di-o-acid is Diphenic Acid, COgH • C 6 H 4 • C 6 H 4 • COgH, 
m.pt. 229°) which give diphenyl when heated with lime. 


2. DIPHENYLMETHANE AND ITS DERIVATIVES 

These compounds may be obtained by condensing either 2 mols. of benzene 
(or its homologues) with one of methylene chloride, or 1 mol. of benzyl chloride 
(or benzoyl chloride) with one of benzene (or its homologues or derivatives) 
in presence of aluminium chloride : 

2CeHe + CH 2 CI 2 = 2HC1 + CeH 5 -CH 2 - G,H, 

CeH^ + C6H5‘CH2-C1 = HCl + CeH 5 -CH 2 -aeH,. 

Condensation of 2 mols. of benzene with aldehydes (Baeyer) or 1 mol. of 
an aromatic aldehyde with one of benzene (V. Meyer) under the influence of 
concentrated sulphuric acid (ketones, phenols, tertiary anilines, &c., also act 
similarly) : 

2CeHe + CHa-CHO - H^O + CH3-CH(CeH5)2 
CeHe + CeH5-CH2-OH == H 2 O + CeH5-CH2-C6H5. 

DIPHENYLMETHANE, CeHg-CHg-CgHg, forms white crystals melting at 
26° and boiling at 262°, has a smell of oranges and is soluble in alcohol or in 
ether. It is obtained synthetically (see above). With water at 150°, its bromo- 
derivative, CHBr(CeH 5 ) 2 , is converted into Benzhydrol (diphenylcarbinol), 
(C 0 H 5 ) 2 CH’OH, which is also obtained on reducing benzophenono. 

p-Diaminodiphenylmethane, CH 2 (CeH 4 'NH 2 ) 2 , and Tetramethyldiamino- 
benzhydrol, OH •CH[ 0 eH 4 *N(CH 3 ) 212 , are used in the preparation of dyestuffs. 

BENZOPHENONE (Diphenylketone), CeHg-CO-CeHg (see p. 572). 

o-DIHYDROXYBENZOPHENONE, [CeH^lOH)^^, by the elimination of a molecule 

00 

of water from the two hydroxyls, gives Xanthone, ^ ^>Dihydroxy- 

benzophenone is obtained from anisaldehyde, so that the hydroxyl groups must be in 
the para-positions. Trihydroxybenzophenone is formed by the condensation of benzoic 
acid with pyrogallol in presence of zinc chloride. It is used in dyeing under the name 
alizarin yellow G (see Dyestuffs). 

Other higher derivatives of diphenylmethane are as follow : 

U5-DIPHENYLETHANE (see later symm. dibenzyl) is liquid and is fonned fiom 
paraldehyde and benzene (see above), Benzilic Acid (dipJienylgly collie acid)} 
(CgHglaC^OHl-COgH, is a solid and is obtained by the action of KOH on benzil; by 
reduction with HI it gives Diphenylacetic Acid, (CeHglaCH-COsH. 

Toiylphenylmethane, C 6 H 5 *CH 2 *C 6 H 4 *CH 3 , exists in several isomeric forms. 
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Tolyl Phenyl Ketones, CgHj-CO'CeHj-CHj. The stereoisomeric oximes of tliese 
ketones were employed by Hantzscli in developing the stereochemistrv of nitrogen 
{see pp. 20, 210, and 306). 

Benzoylbenzoic Acids, CqH5*C0*C(jB[^*C 02H : tlie ortho-acid gives anthraquinone 
when heated at 180° with 


FLUORENE (Diphenylenemethane), | ^CHg, is found in coal-tar, and is 

C6H4/ 

formed on heating diphenylmethane vapour. It melts at 113°, boils at 295°, and 
forms scales showing a violet fluoresoenoe. 


3. TRIPHENYLMETHANE AND ITS DERIVATIVES 


Ihewe are prepared synthetically by processes analogous to those used for 
diphenylmethane, but under such conditions as to lead to the condensation of 
three benzene nuclei in the methane molecule. The action of chloroform on 
benzene in presence of AiCl^ gives TRIPHENYLMETHANE (m.pt. 93°; 
b.pt. 359°) : II. 

OHGI3 + 30(.Hg = 3HC1 + CH(CeH5)3. 

The Goiidonsation of benzaldehyde and dimethylanilino yields Tetramethyl- 
diaminotriphenylmethane, CeHs-CHfCeHi-NlCHa)^]^, which is a leuco-basc 
(i'ec Dyestuffs) of malachite green ; phenols, &c., condense similarly. When 
this colourless Icuco-base is o.xidised with PbOg and HCl, it gives Tetramethyl- 
diaminotriphenylcarbinol, ( I3H5 ■ ( 1(OH) | OoH^NlOH;,)^ which is also a colour- 
less base and forms colourless salts. When, however, these salts arc heated 
in solution, they lose watoi' and foi’in an intense green colour ing-matler, the 
double salt of this with zinc chloride or oxalate being known as 'nialachitc green, : 


/C„H4-N(CH3)2,H(11 
aA-GfGgH4-N(0H3)3,HCl 


'OH 


M3O -h t!„H3-G: 


GeH4-N(GH3).„HCl 




or CeH5-G<( 


\_/ 

C6H4-X(GH3)2,HC1 

a«H 4 -XCl( 0 H 3)2 


:N(GH3)3, 


on reduction, tho eoloiiring-mattor (-[- 2H) gives the leuco-baso again. 

PARAROSANILINE is obtained hy oxidising 1 grm.-mol. of p-toluidino 
and 2 grm.-mois. of aniline with arsenic acid or nitrobenzeno. The methyl 
of tho toluidine furnishes tho carbon atom for the methane nucleus : 


CH3-0eH4.NH3 + + 30 


== 2H.3O -f OH-C^-CgH^-NHa (base). 


With acids, this base gives a red colouring-matter which is precipitated by 
alkali. When reduced with zinc and hydrochloric acid it yields paraleucaniline, 
HG(C8H(i-NH2)3, in colourless crystals which give the coloured base again on 
oxidation. 

Elimination of the amino-groups by diazotisation leads to triphenylmethane, 
while nitration of tho latter, followed by reduction, gives paraleucaniline, 
which yields iriaminoLrvphenyharbinol on oxidation. When treated with acids 
the latter loses HgU, giving tho colouring-matter : 


OH-G 


\ 


(CeHi-NHj)^ 


H3O + CCh 


,(CeH4-NH3)3 

CeHi-NHa 
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ROSANILINE is formed by oxidising a mixture of o- and p-toluidines 
and aniline with arsenious anhydride, mercuric nitrate, or nitrobenzene, the 
carbon of the methane nucleus being furnished in this case also by the 
p-toluidine : 

CH OH 

CeS/ * (P) + CeH/ ' (o) + CeH,-NH, + 30 = 


CH, 


2 H ,0 + OH-C 


( 0 ) 


Rosaniline hydrochloride (with 1 HCl) or fuchsine forms crystals with a 
green metallic lustre, while the aqueous solution is red owing to the presence 
of the monovalent cation, C19H18N3, the salt being almost completely 
ionised. 

All fuchsine salts, at the same dilution, give the same absorption spectrum, 
as they contain the same cation. 

If 3 HC 1 are combined, the salts become yellow (yellow tri valent cation) ; 
indeed, with excess of HCl fuchsine is almost decolorised, although in dilute 
solution the red cation is again formed by dissociation.^ 

Replacement of the hydrogen atoms of the amino-groups by alkyl groups 
gives various colouring-matters, the intensity of the violet colour increasing 
with the number of methyl groujDS. 

Pentamethylpararosaniline is the methyl violet of commerce. 

ROSOLIC ACID and AURIN are the phenolic compounds corresponding 
with rosaniline and pararosaniline, from ’the diazo-compounds of which they 
are obtained by boiling with water : 


.C8H3(0H)-CH3 
C^CeH,-0H 
^CqH^ : 0 
Uosolic acid 


: 0 

Aunii 


They are colouring-matters of an acid character and of but httle importance 
and they form dark red prisms with a greenish, metallic reflection. 

/CeHj 

PHTHALOPHENONE, C^CgHg , may be regarded as a doriva- 

^CeH^-CO 

I 

O 

tive of phthalic acid (see p. 680 ) or of triphenylmethane. 

It is the anhydride of triphenylcarbinol-o-carboxylic acid, C(011)(C6H5)2 
(OgHj'COaH), and is obtained by heating phthalyl chloride with benzene in 
presence of aluminium chloride. It forms scales melting at 115 ° and dissolves 
in alkali giving a salt of the acid, the latter not being obtainable in the free 
state. Its phenolic derivatives are the phthaleins (see p. 581 ). 

HEXAPHENYLETHANE, (CgHg)3C.C(CgHB)3, is of some interest theoreti- 
cally, as its molecule was at first regarded as C(CeH5)3 (Triphenylmethyl) and was 

^ It ib commonly thought that in the hydrochloride the clilorme is aoined to the amino-group and not to the 
carbon of the methane, since, as Tortelli showed (1896), all the chlorine is precipitatalo Toy silver nitrate ; the com- 
pound IS hence a salt and not an ether. It cannot, however, be denied that there are compounds, feuch as triphenj/l- 
methyl chloride, (C 6 ,H 6 ) 3 C- Cl, which behave similarly, being hydiolybablc by water and then completely prcoipitable 
by silver nitrate. Then, too, methyl iodide is hydrolysed by water alone to the extent of 0-6 per cent, in forty -throe 
hours, wliilst in the presence of silver iiitiate 96 per cent, of the iodide is hydrolysed in the same time. It is hence 
more accurate to state that, alter hydrolysis, these ethereal compounds beliave Hhe salts. 

Rosenstiehl maintains that every double decomposition between salts (especially organio) is preceded by 
hydrolysis, and those salts and ethereal compounds \^hidi hydrolyse slowly he calls braddytes, and those which 
hydrolyse rapidly, stenolytes. 
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looked upon as the first example of an organic compound containing trivalent 
carbon. But cryoscopic examination shows that it has the doubled molecular 
weight, and hence indicates the constitution (CgH5)3C-C(C6H5)3. It was 
prepared by Gomberg by the action of zinc on triphenylchloromethane, and is 
a solid, stable substance which, in solution, has a yellow colour and becomes 
unstable owing to its great power of reacting ; with the oxygen of the air it 
forms a peroxide, (CgH5)3-C* 0 * 0*0(03115)3. On account of the facility with 
which it forms additive products, hexaphenylethane is regarded by some as 
having in solution the constitution : 

H H 

(J==(J .G(CeH 5)3 

(CeHs)., : C : C< >C<; 

I I 

H H 

An analogous compound is Pentaphenylethane, (03115)30 ■ CH(G6H5)*>, stable 
at the ordinary temperature but not in the hot. 


4. DIBENZYL AND ITS DERIVATIVES 

The constitution of these compounds is shown by their methods of synthesis 
and by the fact that they all yield benzoic acid on oxidation. 

DIBENZYL {symm. Diphenylethane), CgHs* CH2* CHa* C3H5, is obtained 
from benzyl chloride and sodium : 

203H5-0H2-01 + Nag = 2Na01 + 03H5-0H2-0H2-03H5 ; 

it melts at 52 '\ 


STILBENE {sytnm. Diphenylethylene), CoHr/CH : CH'CoHr,, melts at and is 

obtained from bcnzal chloride (benzylidene chloride) and sodium. Owing to its double 
linking, it can unite with two atoms of Br, which can be eliminated as HBr by treatment 
with alcoholic potash, the resulting product being TOLANE (Diphenylacetylene), 
CoHr/C : C’CoHs, melting at 60 °, and behaving like an acetylene derivative. 

35-DIAMINOSTILBENE, NH2-C3H4*CH:CH*C6H4*NH2, is used, especially in the 
form of the corresponding sxilphonic acids, for the i^reparation of various substantive 
dyestulfs. 

BENZOIN, C3Hr/CH(0H)*C0*C6Hr„ is formed by oxidising HYDROBENZOIN, 
C3Hr,-CH(OH)*CH(OH)*C«H5, which is obtained by treating bonzaldehydo with sodium 
amalgam. Benzoin exists in two sterooisomeric modifications, melting at 138 ° and 119 ‘\ 
It reduces Fehling’s solution oven in the cold (giving benzil) and forms a phenylosazone, 
since it contains, like the sugars, the group •CO*OH(OH). 

BENZIL, CoHs-CO'CO-CeHs, is a yellow diketone and forms three bonzildioximes {sec 
pp. 22, 210, and 572 ) : 


OeHs-C C-CeHs 

II II 

N-OH N-OH 

AmpM-henzildioxime 


CeHs-C O-OeHs 

II II 

OH-N N-OH 

Anii-henzUdtoxime 


OeHs-O C-CgHs 

II II 

N-OH OH-N 

Syn-lenzUdimime 


When heated with alcoholic potash, benzil combines with H2O, giving benzylic acid ; 

ro H 

CeHs-CO-CO-CeHs H-OH =. (CeH5)2C<Qg" ' 


DESOXYBENZOIN, C6H5*CH2*CO*C6H6, is obtained from phenylacetyl chloride, 
OffHs* 0H2*C0*C1, and benzene in presence of aluminium chloride, and also from benzoin 
aud benzil. It melts at 55 ° and gives dibenzil when reduced with hydriodic acid. 

H 30 
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HEXABENZYLETHANE, (C6H5-CH2)3C-C(CH2-C6H5)3, was prepared by F Sohmerda 

(1909) by heating tribenzylcarbinol with hydriodic acid in a sealed tube at 200 , the product 
being shaken with bisulphite, extracted with ether and the latter distilled off. It forins a 
yellowish crystalline mass which is recrystallised from acetone and glacial acetic acid ; 
it melts at 80"' to SF. From the mother-liquor dibenzyl is obtained. 


5. NAPHTHALENE AND ITS DERIVATIVES 

NAPHTHALENE, CioHg, occurs in abundance in crude illuminating gas and in coal 
tar. When the latter is distilled {see p. 526 et seq,)^ the naphthalene is obtained from the 
portions distilling between 170° and 230° and by redistilling the residues of the oils from 
which the carbolic acid has been extracted with caustic soda, care being taken to surround 
the condenser coils with hot water to prevent stoppages. 

The first separation of the naphthalene from the crude oils yielded at various stages 
of the distillation is effected by cooling in large tanks, crystallised naphthalene separating 


The oily impurities of the crystals are lemoved in a hydraulic press with heated plates. 

Attempts have been made 
to centrifuge the crude 
naphthalene, but even 
when this is steamed in 
the centrifuge, the resi- 
dual product is always 
very impure and unsuit- 
able for distillation or 
sublimation. In conse- 
quence of this, use has 
been made of hydraulic 
presses with horizontal 
i rods and vertical plates 
heated by steam, but 
these give insufficient 

pressure and too much waste, and require too much time and attention. The best results 
are given by presses with vertical columns and ring plates (similar to the presses described 
onp. 392), which work continuously and readily attain a pressure of 102 kilos per square 
centimetre with a diminished consumption of steam. Nowadays hydraulic preKSscs with 
perforated steel bells are used — similar to those used for oily seeds — and in 10 hours 
each of these can effect 30 compressions of 100 kilos ; when several presses are worked, 


hydraulic accumulators {see p. 393) are used. If well pressed, naphthalene has the moan 
solidifying point 78-6° and 95-5 per cent, of it distils between 21 6*5° and 218-5°. Attempts 
have been made to purify naphthalene with a solution of resin soap, but such a method is 
too expensive (a centrifuged naphthalene containing 7 per cent, of oil gives, with 5 •y)er cent , 
of colophony and the corresponding quantity of caustic alkali solution, 85 per cent, of 
pure naphthalene with the solidifying point 78-8°). The compressed naphthalene is purified 
further in metal vessels with conical bases and fitted with stirrers (sometimes with air- 
jets). In these the molten naphthalene is agitated for 15 minutes with 5 per cent, of 
sulphuric acid of 50° Be (already used once) to dry the mass somewhat and free it from 


pyridine compounds ; after removal of this acid, the mass is shaken successively with 
5 to 6 per cent, of sulphuric acid of 60° Be. for 30 minutes, 4 per cent, of hot water, 4 per 
cent, of caustic soda solution of 19° B6. (already used once), and, finally, 2 per cent, of 
hot water. After settling and removal of the water as far as is possible by decantation, 
the naphthalene is distilled in large stills holding 100 to 150 quintals and furnished with a 
rectifying column 2 to 3 metres high. Water distils over first and then pure naphthalene, 
which is collected in metal boxes, allowed to crystallise in moulds and granulated by 
means of a crusher ; the solidifying point is then 70-7°, while 97-5 per cent, distils between 
216'6° and 218°. A purer product, in the form of large, shining scales, can be obtained by 
sMimaUon (instead of distillation) in an open vessel, a (Fig. 419), having an area of 2 to 3 
cu. metres and covered with an inclined wooden plane leading to a largo wooden chamber, 
20 to 25 cu. metres in capacity. The naphthalene is heated by a pressure steam-coil 
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and sublimes and condenses in tlie large chamber, forming on the walls a thick layer of 
shining, white scales of pure naphthalene. In order to avoid loss and to obtain continuous 
working, the naphthalene is introduced into long cylindrical boilers, bricked in like steam 
boilers and connected with a large wooden chamber (350 cu. metres), which has a base 
fitted with conical outlets leading to sacks for catching the naphthalene as it becomes 
detached from the walls (these are knocked from time to time). In this way 70 kilos of 
pure naiihthalene are obtained per 12 hours for each 100 cu. metres of capacity. 

Pure naphthalene forms shining scales melting at 79*6° and boiling at 218°. It is 
insoluble in water, but dissolves readily in boiling alcohol or in ether ; it volatilises even 
at the ordinary temperature and distils readily in steam. 

Naphthalene is used in large quantities in the preparation of various 
dyestuffs (eosin, indigo, Martius’ yellow, tropseolin, Biebrich scarlet, crooeine 
scarlet, &c.), phthalic acid, lampblack, varnishes, and cart-grease, and is 
employed also as an antiseptic and as a preventative of moth in clothes. For 
some time it has been mixed with camphor in order to render celluloid less 
inflammable and less explosive. 

(■rude inphihaleno costs lU’. to 125, per quintal, while the pure white scales are sold 
at 165., jmre in tapers at 175. Gd., and chemically pure at 8O5. per quintal. In 1910 Italy 
imported 371 quintals of naphthalene, of the value of £386 (in 1907, 42 quintals), and 
exported 2214 quintals (£2200) ; the production in Italy was 8600 tons (£71,880) in 1908. 
In 1909 Gernuny imported 77,445 and exported 63,544 quintals. 

England exported 3650 tons of naphthalene, of the value of £28,110, in 1911. 

Constitution of Naphthalene. The following structural formula is attributed to 
naphthalene : ^ ^ 

\ I 

H-O 0 <-1— H 

I II I 

H-C! G G— H 



and to iudicaio the positions occupied by groups replacing the hydrogens in derivatives 
the carbon atoms are numbered or lettered with Greek letters, thus : 



Thai the two nuclei arc united by moans of two carbon atoms in the ortho-position is 
shown by the fact that oxidation of naphthalene in such a way as to destroy one of the 
nuclei results in the formation of phthalic acid, which is known to contain two carboxyl 
groups in adjacent positions. 

Further, since when phenylisouroionic acid is heated, a naphthalene derivative, namely, 
a-naplitliol, results,' it is clear that the second nucleus is formed by the elimination of a 
molecule of water with closure of the chain of the four carbon atoms of the side-chain of 
the original acid and two ortho-carbon atoms in the benzene nucleus : 


CH 

OH 

OH CH 





= H 20 + 


CH 


OH 

00 -OH 

caa o-oH 
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That th^re are two condensed benzene nuclei is also deduced from the fact that oxidation 
of a-nitronaphthalene gives nitrophthalic acid, the benzene nucleus containing the nitro- 
grottp being preserved and the other destroyed. If, however, the nitro-group is first 
reduced to an amino-group, oxidation results in the destruction of the nucleus containing 
the amino-group and in the preservation of the other, phthalic acid, which undoubtedly 
contains a benzene nucleus, being formed. That the linkings between carbon and carbon 
are different in the two nuclei is shown by the addition of four hydrogen atoms to one of 
the nuclei, which probably has true double linkings, while the other nucleus would seem to 
have a true benzenic character with centric linkings (Bamberger) ; further, the addition 
of ozone proves with certainty the presence of olefinic double linkings (E. M^olinari, 1907) ; 


CH OH 


HO 

HO 


|\ ^ ’ 
\ 


OK 


'OH 


CH OH 


With nitric acid, naphthalene gives a nitro-derivative, and with sulphuric acid, various 
sulphonic acids. The hydroxy-derivatives resemble phenols and the amino- derivatives 
are capable of diazotisation. 


Hydronaphthalene is readily formed by the addition of nascent hydrogen 
and behaves likes hydrophenol, i-e, like an. unsaturated hydrocarbon of the 
aliphatic series. 

The isomerides of the substitution products of naphthalene are more 
numerous than in the case of benzene. Thus, there are two isomeric mono- 
substituted derivatives, the a-compound with the substituent in the 1-, 4-, 5-, 
or 8-position, and the /3-compound with the substituent in the 2-, 3-, 6-, or 
7-positioii. The isomeric disubstituted compounds with two similar substituents 
are ten in number, while with two different substituting groups fourteen 
isomerides are possible, and, in some cases, all known. 

Compounds with substituents in the 1- and 8- or the 4- and 5-positions 
are known as aa- or peri-compounds, e.g, Perinaphthalenedicarboxylic Acid, 


/ ^COOH 

\ / ^ which readily forms an anhydride owing to the proximity 

/ ^COOH 

of hydroxyls. 

The number of isomerides being so large, it is sometimes difficult to deter- 
mine the constitution of any derivative. To this end the oxidation products are 
often studied, the formation of phthalic acid indicating that all the substituents 
are in the one benzene nucleus destroyed by the oxidation, while the formation 
of a substituted phthalic acid indicates the opposite to be the case. 


NITRONAPHTH ALENES, CioH? • NOg. Of the two isomerides, the ft is of no industrial 
importance. 

a-NITRONAPHTHALENE is obtained on the large scale by nitraling naphi/halene 
(10 parts) with a mixture of 8 parts of nitric acid (sp. gr. 1*49) and 10 parts of sulphuric 
acid (sp. gr. 1*84), the temperature being kept at *70° for six hours. The supernatant 
acid is decanted off in the hot and the fused nitronaphthalene washed several times with hot 
water and then granulated by pouring slowly into cold water with vigorous agitation. 

It forms a yellow crystalline mass which melts at 59°, boils at 304°, and in the molten 
condition has the sp. gr. 1*223 ; it is insoluble in water but dissolves readily in benzene, 
ether, carbon disulphide, or hot alcohol. 

The crude commercial product costs 64a. to 705. per quintal and the pure 
crystals 905. 

It is used in the manufacture of dyestuffs, especially for making a-naphthylamiiie 
and thence various azo-derivatives or naphthol derivatives. It is also employed in the 
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treatment of oils. When it is stored alone, there is no greater danger than in the storage 
of oil. When used in mixtures not excessively hot, it presents no special danger. 

With reducing agents, a-mtronaphthalene gives a-NAPHTHYLAMINE, CioH7’NH2, 
and this, by way of the diazo -compound, yields a-naphthol, identical with that obtained 
from phenylisocrotonic acid. a-Naphthylamme can also be obtained from a-naphthol 
by means of ammonia and calcium chloride, or ammonia and ammonium sulphite. Indus- 
trially it is obtained by the various processes mentioned above for aniline : usually 60 parts 
of di-y a-nitronaphthalene are added gradually to a hot mixture of 80 parts of iron turnings, 
4 parts of hydrochloric acid, and a little water, the whole being mixed and kept at 70° for 
6 to 8 hours ; slaked lime (about 5 parts) is next added until the reaction becomes alkaline, 
the naphthylamine being distilled from retorts and condensed at^ 60°, and subseq^uently 
purified by rectification. It consists of pleasant -smelling, white crystals, melting at 50°, 
readily subliming and boiling at 300°. With oxidising agents it gives red or blue colorations. 
The isomeric /3 -NAPHTHYLAMINE is obtained by heating 10 parts of /3-naphthol with 
4 parts of caustic soda and 4 parts of ammonium chloride in an autoclave at 160° for 
60 to 70 hours ; the unchanged naphthol is removed by means of sodium hydroxide 
solution and the /3-naphthylamine extracted from the residue by hydrochloric acid. The 
preparation with ammonium sulphite [see above) gives a better yield owing to the formation 
of the sulphuric ether of /3-naphthol, which reacts more readily with ammonia. It forms 
shining, odourless scales which melt at 112°, boil at 294°, and are not coloured by oxidising 
agents. The separation of a- from /3-naphthylamme is effected by solvents, such as 
xylene, chlorobenzene, &ic., which dissolve both isomerides in the hot and deposit almost 
all of the a-compound in the cold. 

The commercial a-derivative costs about £8 per quintal and the /3-compound three 
times as much. Both are used for making azo- dyestuffs. 

The NAPHTHALENESULPHONIC ACIDS are obtained from naphthalene and con- 
centrated sulphuric acid. They form deliquescent crystals and when fused with KOH 
give the naphthols ; the a-sulphonic acid in presence of sulphuric acid at 160° is converted 
into the /3-acid. 

a- and / 3 -NAPHTHOLS, CiqH?* OH, arc found in coal-tar, and may bo prepared from 
the sulphonic acids or amines {see above). They form shining scales with a phenolic odour, 
and dissolve slightly in hot water and more readily in alcohol or ether. a-Naphthol melts 
at 95° and boils at 282° ; /1-naphthol melts at 122° and boils at 288°. Their hydroxyl 
groups are more readily substituted than those of the phenols. With ferric chloride, 
aqueous a-naphthol gives a violet precipitate, while /1-naphthol gives a green coloration 

OH 

and precipitates Dinaphthol, 

The two naphthols give ethers, e.g. Neroline, CioH7*0*C2H5, which has a fruity odour. 

Betol or Naphthosalol (the salicylic ester of /3-naphthol), OioH7*0-CO-C6H4,*OH, 
melts at 95°, and is used in medicine under the name of salol. 

NAPHTHIONIC ACID (l-Naphthylamine-4-sulphonic Acid), CioH 6 (NH 2 )(S 03 H), or 
KSO3H 

, is formed by sulphonating a-iiaphthylainine, and is used for preparing 


Congo red and other dyes. The solutions of its salts have an intense reddish blue 
fluorescence. 

Of the a- and /3-naphthylaminesulphonic atdds, 13 isomerides are known. 

Eikonogen, used as a photographic developer, is the sodium salt of «i-Amino-/3 - 
naphthoh/la-sulphonic Acid. q 



a-NAPHTHAQUINONE, 



, is obtained in yellow crystals melting at 


125° by oxidising naphthalene with chromic acid in boiling acetic acid solution. 
Prom its constitution those of other substitution products of naphthalene can- be 
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deduced, since when the substituent groups are m the para -position, oxidation always 
leads ultimately to a-naphthaquinone, Jt is volatile in steam. 


/3-NAPHTHAQUINONE, QoHeOs or 


, is formed by the oxidation of 


1 : 2-aminonaphthol, and crystalUses in reddish yellow leaflets blackening at 115° 
to 120°. 

The following compounds are also known : Oxy- and Dioxynaphthaquinones {naphtha- 
zarinhlach ) ; a- and/3-Methylnaphthalenes, CioH7-CH3 ; Naphthoic Acids, CioHy^COoH ; 
Hydroxynaphthoic Acids, Cl oH6{OH)(002H);Naphthalic Acid, CioHc(COoH)2;Dinaphthyl, 

^10^7*010^7; Acenaphthene, CioHg<^ ) , in which the unions with the ethylene group 

^CHo 

are in the Ui- and a^^-positions (found in tar, colourless, melting at 85°, boiling at 277°, and 
giving ijiaphthalic acid on oxidation), 

ADDITION PRODUCTS OF NAPHTHALENE 

Naphthalene gives additive products more readily than benzene does, those containing 
four atoms of chlorine or hydrogen being well known. It has been shown that this addition 
occurs in only one of the nuclei, and similar behaviour is shown on oxidation. Chlorine 
reacts with naphthalene at the ordinary temperature and forms Naphthalene Tetrachloride, 
H HCl 


r/ I \. 


, which forms colourless crystals melting at 181° and gives phthalie 


H HCl 

acid on oxidation, and Dichloronaphthalene, CjoHgCl2, when tieated with alcoholic 
potash. 

When /3-naphthylamine is reduced (Na + amyl alcohol), four hydiogen atoms aie 
added to the nucleus containing the amino-group, giving Tetrahydronaphthylamine, 


H 


H(NHo) 


, which behaves exactly like an aliphatic amine and does not form 


H Hg 

diazo-compounds ; it is oxidised by permanganate, giving o-Carboxy hydro cinnamic Acid, 
.CHg-CHa-COaH 

. a-Naphthylamine also gives a tetrahydro-dcrivative, which 

^COgH 

behaves, however, as an aromatic amine and can be diazotised ; on oxidation it gives Adipic 

CHg 


CH. COOH 


CH. COOH 


, which shows that the four lijdiogen atoms aie added to the benzene 


Ho H 


nucleus which does not contain the amino-i 


group : 


Hs NHa 

INDENE, C9H8, may be regarded as fomed by the condensation of a benzene group 
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CH 

/\ 

HG C CH 

with a pent a methylene group : | || || • H is a yellow oil boiling at 180°, and is 

HC C CH 

\/\/ 

CH CH2 

found in coal-tar and in crude pseudocumene ,* it has an odour of naphthalene and gives 
phthalic acid on oxidation and Indrene, CqHjo, on reduction. 


6. ANTHRACENE GROUP 


a* 

CH 


7r 

CH 


o.# 

CH 


ANTHRACENE, or 


CH 


rr 


0 



C 




ICH jS, 


is found in 


CH 


CH 

72 




coal-tar to the extent of 0*25 to 0*45 per cent. The crude anthracene oil 
which passes over at a high temperature (above 270°) in the distillation of tar 
is subjected to a further rectification which yields a 50 per cent, anthracene. 
This is purified by distillation from iron retorts with potassium carbonate, 


which holds back the large amount of Carba 2 ole, 


C'eH,, 


C«H 




/■ 


NH, as the non-volatile 


XDOtassium compound, 




\ 




NK. The distillate then contains only anthracene 


and x^henanthrene, the latter being removed by dissolving it in carbon disul- 
phide or a mixture of this solvent with concentrated sulphuric acid (Ger. Pat. 
164,508 and Pr. Pat. 340,337). The residual anthracene is purified by crystalli- 
sation from crude benzene {see Treatment of Tar described on x^. 526 el seq,), 
and by sublimation with superheated steam. 

The proposal has also been made to purify crude anthracene (containing, 
say, 46 per cent, of anthracene and 13 per cent, of carbazole) with hot naphtha 
and sulphuric acid, which convert all the basic substances into salts and 
dissolve them, the anthracene being afterwards separated by decantation. 
Evaporation of the naphtha gives anthracene of about 84 per cent, strength 
and this gives a product of 95 per cent, purity on crystallisation from benzene. 

It forms shining, colourless scales with a blue fluorescence, and melts at 
216*5° and boils at 351° ; it dissolves slightly in ether or alcohol, but is readily 
soluble in hot benzene. Sunlight gradually converts it into the polymeric 
pam-Anthracene (Cj 4 Hiq) 2 . With picric acid it forms a molecular condensation 
product, Ci 4 H]lojC 6 H 2 (N 02 ) 30 H, melting at 138°. By reducing agents, anthra- 

OH 

cene is transformed into Hydroanthracene, wJaich melts 

at 107° and is readily soluble in alcohol. 

It k used for the manufacture of anthraquinone and alizarin. 

Crude anthracene oil (green grease) is sold at 11^. to 12^. Qd. per quintal, 
crude 20 per cent, anthracene at 1^. M, per kilo and the x^urified product at 
6s, to Ss, per kilo. 

Its constitution is deduced from its various syntheses. Anschutz obtained it from 
tetrabromoethane and benzene in presence of AICI3 : 

CHBr. /CHv 


2C6He + 


4HBr + CaH, 


CHBrg 


CH 


/ 


CeH^. 
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It is formed also when o-tolyl phenyl ketone is heated with zino dust : 


/CH3 /CHx 

CeHX /OgHt - H 2 O + I j>C6H4 ; 

this synthesis establishes the ortho-position of the connections between the two nuclei 
and also the presence of the CH- CH group. Confirmatory evidence is obtained from the 
following synthesis : CHg 


2 


iBr 


+ 4Na «« 4NaBr 4- ! 


\/ 


jCHoBr 
o-Bromobenzyl bromide 


\/\/'\/ 

CHa 

Diby droanthracen e 


which, on oxidation, loses 2H and gives anthracene. 

Phthalic anhydride, when heated with benzene and AICI3, gives o-benzoylbenzoic acid, 
from which PCI5 elinunates water with formation of anthrac^Luinone, the latter gi\ mg 
anthracene when reduced with zino dust in the hot : 

/COv .CO-CeHs 

OeHe -f- CeS/ >0 - CgH^ — > + CbH/ ;>C6H4 — ^ anthracene. 

^COOH 

Centric linkings do not seem to be present in the nuclei of anthracene, which readily 
combine with ozone (E. Molinari, 1907), this property being characteristic of olefine 
double linkings {see p. 88). 


SUBSTITUTION PRODUCTS OF ANTHRACENE 

The possible isomerides are here very numerous, but only few of them have 
yet been prepared. Three monosiibstituted isomerides are possible, as is seen 
from the constitutional formula {see above). The constitution of the isomerides 
is ascertained from a study of the oxidation products and of the methods of 
synthesis. When the substituents are in the y-^ or position, oxidation gives 
anthraquinone.^ CO 


ANTHRAQUINONE, or 


\ 

/ 


\ 

/I 

/ 1 
\ 

1 \ 
/ 

\ y 

!/ 1 

1 \ 
y 


CO 


\ 


, is obtained very 


easily by oxidising anthracene with dichromate and dilute sulphuric acid in 

^ Of the many Derivatives of Anthracene, the following^ may bo mentioned : anthraceneccuhoxylLc acids 
(a, j8, and y) ; cMorobromoanthracenes, which contaiji the halogens in the y-positions, as they form anthraijuinoni^ 
on oxidation ; nitfo- and dimtro-anthracenes (y); ^-anthtamxne, C14II0.KH2, obtained from P-aiithrol and Nl]» ; 

CH CHg eu 

anthroU{a. md Ofi'Ei<C\ ^CeHa’OH; C«H4<C ^CeH^ ; CfllI<i<C. 1 

CH CO C( 0 H) 

C(OH) 

y'hydromthranol, ^CeH4; the C8H4<ri '^CoH* (three isomoridoa : 

CH(OH) 0 ( 011 ) 

chrysazol^ rtifol, and ilavol) ; ant/iracenesulphomo and disulphomc acids ; anthraquinonesulphonic acids ; hydroxy'- 
anihmquimnes, Ci4H702-OE ; qwmizarin (aj : aj-dihydroxyanthraqumone) ; purpuroxanthin (a^ : ^B-dihydroxy- 
anthraqnmone) ; CeH4(C0a)'CflH(0H)3 (a ^ jS : aj) is purpunn (the isomeric flavopur^wnn, anthrupurpnnn, 
afUhragallol, Sic , &xeQ>lso known) ; OH'CaHa COa CeHa OK (anthraflavinicmdisoaMhraflai^inio acids, witli which 
correspond amthrarufin.^ chrysazin^ cfec ) ; ietrahydrooisyanthmgmfumcs (rufioptitt anthrachrysone, qwmahzarln) ; 
hmihydroxyanthraquinones {ruHgalhc aaidt &c); methyl^ and dimethyl-anthracenes ^ CiiHa-CHs and Oi4H8(OOa)2; 

phenylanthracene, Ci4H‘8*CaHj; alkylanthrahydridest C4H4<^ phenyUmthrunol {phthalldine), 

CHk 

qC^H,) ^C(06Hj)(0Hh 

I ^^ 0 aH 4 ; phmylhydroxyanthranol (phthalideine), j anthraceneoarb- 

C(OH) CO 

oxylie acids (a, p, y), CiA-COgH; alhylkydroanthranols, <ko, 

Oa(OH) 
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tLe hot, or, better, with nitric acid, which does not give nitro- derivatives. It 
can also be obtained from phthalic anhydride and benzene in presence of 
AIGI 3 {see above) or by electrolysing anthracene in 20 per cent, sulphuric acid 
in presence of cerium, chromium, or manganese salts (Ger, Pat. 152,063, 
and Perkin, 1904). 

It can be purified by crystallisation from nitrobenzene or aniline, which 
dissolve it in the hot but not in the cold. It gives two isomeric inonosubstituted 
derivatives. 

It forms yellowish needles melting at 274° and boiling at about 360°, and 
it dissolves in concentrated sulphuric acid, but is precipitated unchanged on 
dilution. It is very stable, is not easily oxidised and has the character of a 
diketone rather than of a quinone. It is not readily reduced, is only slightly 
volatile and has no pungent odour. That the two lateral benzene nuclei have 
centric linkings and not olefinic double bonds is shown by the fact that, unlike 
anthracene {see above), anthraquinone does not fix ozone. 

When fused with potash, it gives benzoic acid and, when heated with 

zinc dust and NaOH, Hydroxyanthranol, which has 


a blood-i'ed colour in alkaline solution and is oxidised to anthraquinone in 
the air. Reduction of anthraquinone with Sn and HCl gives Anthranol, 
C(OH) 

I which is a weak phenol. 

\C(0H)^ 

More energetic reduction, such as distillation over zinc dust, yields anthra- 
cene. The Bohn-Schmidt reaction permits of the introduction of sulphonic 
or nitro-groups into the non-substituted or the substituted nucleus of anthra- 
quinone derivatives, according as the reaction occurs in presence or in absence 
of boric acid. a~or/ 3 -Nitroderivativescan also be obtained, at will, by means 
of the same reaction (Ger. Pat. 163,042 of 1005), which is facilitated by the 
presence of mercury salts. 

Commercial anthraquinone costs about 6s. per kilo, and the sublimed 
chemically pure product 2Ss. 


The most important derivative of anthraquinone in the 1 : 2 -dihydroxy- 
compound or alizarin. CO OH 

/ 1 ■^1 \ 0 H 

l\ 1/1 l\ ‘ / 

ALIZARIN (Dihydroxyanthraquinone), CuHgOd, or L \ ’ 


CO 


was at one time obtained exclusively from madder roots {lluhia tinctormn), from 
which Ruberythric Acid (a gluooside of the formula C 2 jcH 2 yOi 4 ) is extracted , 
this is separated into glucose and alizarin by boiling with dilute sulphuric 
acid. It is a very beautiful red colouring-matter and was known to the ancients. 
Since 1870,^ following Grabe and Liebermann's synthesis (1869), it has been 
prepared only artificially in the following manner : anthracene is converted 
by oxidation with H 2 SO 4 and Na 2 Cr 207 into crude anthracene. 


This is then heated at 100° with concentrated sulphuric acid, which leaves the anthra- 
(piinone unaltered, while it converts the unp unties into sulphonic acids soluble in water. 
The anthraquinone is then filtered and washed and heated at 160° with fuming sulphuric 
acid (containing 50 per cent, of free 8 O 3 ), which converts it largely into the monosulphonic 
acid. The latter is dissolved in water and filtered to separate it from unaltered anthra- 
quinone ; neutralisation of the solution with caustic soda results in the deposition of the 
sodium salt, which is only slightly soluble in cold water. One hundred parts of this salt are 
mixed with 25 parts of caustic soda and 12 to 14 parts of potassium, chlorate, which facilitates 

1 In 18(58 l^rance produced and exported madder to the value of £1,720,000 and £1,240,000 respectively. The 
exportation fell to £800,000 in 1871 and to £160,000 in 1876, the production then ceasing entirely. 
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the reaction ; the mixture is dissolved in the smallest possible amount of water and the 
liquid heated at 180° for 2 days in an autoclave fitted with a stirrer. The sulphonic group 
is thus replaced by hydroxyl (or ONa), and at the same time a second OH group is formed 
by the action of the chlorate : 

C 6 H 4 <^Q>C 6 H 3 -S 03 Na + 3NaOH + 0 = NaaSOg + 2 H 2 O + C 6 H 4 <^Q>C 6 H 2 (ONa)„. 

Sodium antliraguinone- 
mono sulphonate 

The fused mass is run into water and acidified with sulphuric acid, the colouring- matter 
(alizarin) being thus liberated. 

According to Fr. Pat. 333,144, if fuming sulphuric acid acts on anthraquinone in presence 
of mercury, there is no partial formation of the m-sulplionic compound, the sulpho-group 
entering exclusively the ortho-position to the ketonic group. 

Alizarin may also be prepared (Ger. Pat. 186,526) without sulphonation by treating, 
say, 300 kilos of a mixture of NaOH and KOH with 30 kilos of NaClOg (or Na202, Ba02, 
PbOg, &c.) dissolved in 100 htres of water, 100 kilos of anthraquinone being then added and 
the liquid heated at 200° in an oil-bath until the oxidising agent disappears. After this, 
the mass is poured into water through which air is then passed ; the alizarin is precipitated 
with mill? of lime, the precipitate being filtered off and decomposed with HCl and the 
alizarin puiified from anthraquinone residues by means of caustic soda. This method 
yields a purer pioduct than other processes. 

Alizarin has been prepared recently by passing an electric current through a mixture 
of anthraquinone and fused potash. 

Alizarin sublimes in fine, orange-red needles, melts at 289“^, and is almost 
insoluble in water and slightly soluble in alcohol ; owing to its phenolic groups 
it dissolves in alkali and also forms a diacetyl-derivative. When distilled with 
zinc dust it forms anthracene. 

With metallic oxides it forms insoluble lakes of various colours, and on th^^s 
is based its use in dyeing. With ferric oxide it gives a bluish black colour 
and with lime a blue lake ; the lakes of tin and aluminium are red (Turkey 
red). 

The constitution of alizarin is shown also by its synthesis from phthalic 
anhydride and catechol at 150° in presence of sulphuric acid : 

C 3 H 4 <gg >0 + = H 3 O + CeH 4 <gg> 03 H 3 <gg- 

Derivatives of anthraquinone and of hydroxyanthraquinone, especially the 
amino-derivatives, form colouring-matters only when the two hydroxy- groups 
are in the ortho-position to one another. 

CeH4*CH 

PHENANTHRENE, or | || , is an isomeride of anthracene, 

CeH^-CH 

with which it occurs in tar. When pure, it forms shining, colourless scales, 
soluble in ether, less so in alcohol (with blue fluorescence) and only slightly 
soluble in water ; it melts at 99° and boils at 340°. The separation of phenan- 
threne from anthracene is described above {see Anthracene). Synthetically 
it is obtained by condensing 1 mol. of o-nitrobenzaldehyde (or its higher 
homologues) with 1 mol. of sodium phenylacetate in presence of acetic 
anhydride : 

CeH,-CH2*C02N'a + N02-CeH4*CH0 ==H20 +N02-CeH4*CH 

II 

CeHs-C-COaNa 

Sodiuin, a-phenyl-o-nitrocinnamatf 

Reduction and diazotisation eliminate the NOg, treatment with powdered 
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copper then gives /3-Phenanthrenecarboxylic Acid, | * ^ || , from 

u- u rv, ■ . CeH^-C-COaH 

wnich CUg IS eliminated in the ordinary way with formation of phenanthrene. 

wx, • . . ... CgHj-CO 

When oxidised with chromic acid, it gives first Phenanthraquinone, | | 

, H , CsH.-CO 

(yellow crystals, m.pt. 200°), and then Diphenic Acid, or 




CO2H COgH 




The constitution of phenanthrene is established by its syntheses and by 
its oxidation products. The double linking between the two methinic carbon 
atoms is not shown by the ordinary reaction with permanganate (Baeyer) 
{see p. 88), but is made evident by the reaction with ozone (E. Molinari, 1907 ; 
see p. 88). The constitutional formula of phenanthrene may he represented 
thus : 

CH CH 

CH C/" 


HC 


\C CH 

\ \ 
\_/C C\_ 
CH CH CH CH 


CH 


and it may, therefore, he regarded as formed by the condensation of three 
benzene nuclei. 


OTHER CONDENSED NUCLEI OF LESS IMPORTANCE, found in the portions of 
petroleum and tar distilling above 360°, are as follow : 

/■ 

/ 

\. 


nH OH 


C,H, 


I II > 
\CeH3-CH 

i'luoraiitlirenij, CjiH,,, 




\ 

_/■ 

\_ 


\ 

Pyreue, C„Hi, 




I II ; 

CioHe-CH 


QioHe-CH 

I II i 

CioH«-CH 

Ficoiie, Oj, 2 TTi 4 




Chrysene, Cmliia 
CsH^—CH 

I II • 

CsHa— CH 


Retene, Ci,H„ 


Retene has m.pt. 98° and b.pt. 394° ; Chrysene, m.pt. 250°, b.pt. 448° ; Picene, 
m.pt. 364° ; Fluoranthrene, m.pt. 110° and b.pt. 250° (60 mm.) ; Pyrene, m.pt. 148°, 
b.pt. 260° (60 mm.). 


Q. HETEROCYCLIC COMPOUNDS 

These are substances containing at least one nucleus, the atoms forming 
the ring being of more than one kind, i.e. they are not all carbon atoms as in- 
tho homocydic compounds as yet studied, one or more of these carbon atoms 
being replaced by nitrogen, oxygen, sulphur, (fee. One of the simplest of these 
heterocyclic compounds is furfuran. 

1. FURFURAN (Furan), C4H4O, is a colourless liquid which is insoluble 
in water, smells like chloroform, boils at 32°, and is found among the first 
products of the distillation of pine-tar. With metallic sodium it does not 
give hydrogen, so that the oxygen is not present as OH ; nor is it in the form 
of carbonyl (CO), since furan does not react with phenylhydrazine or hydroxyl- 
amine. it can be converted into coerulinic aldehyde, while, under suitable 
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conditionSj snccindialdehyde loses HgO giving furan. These reactions indicate 
its constitution : 

CHa-CHO CH : CH^ , 

I = H,0 + I >0 ( 

CH^-CHO CH : CH^ 

Succmdialdehyde Juian 

A shaving of pinewood moistened with HCl gives a green coloration with 
furan. The latter reacts with HCl forming a white mass. 



FURFURAL (a-Furol, Furfuraldehyde), C5H4O2, is obtained readily and abundantly 
by the action of sulphuric acid on pentoses, pentosans, and woody substances [see p. 429) ; 
it is found in fusel oil and in clove oil. It is a colourless oil of aromatic odour, turning 
brown in the air and boiling at 162° ; it is soluble in alcohol and, to a less extent, in water. 

CHO 


Its aldehydic properties justify the constitution 



With alcoholic potash it 


gives a corresponding Furfuryl Alcohol, 


CHa-OH 

“\o > and Pyromucic Acid, 


CO2H 



the latter melts at 132°, sublimes readily, dissolves in hot water, decolorises alkaline 
permanganate and combines with 4 atoms of bromine, the presence of two true olefinic 
double linkings being thus confirmed. If heated in a sealed tube at 275° it gives furfuran 
and COg. With aniline and HCl, or with aniline acetate paper, it gives a characteristic 
intense red coloration {see. p. 430). 

2. THIOPHENE, QH^S, occurs in tar and always accompanies benzene, on account 
of their similarity in boiling-point (84°) and other properties. For the preparation of 
benzene free from thiophene, aee p. 533. 

Thiophene is produced on a large scale, but in small yield, by passing acetylene or 
ethylene through boiling sulphur, or by passing illuminating gas over red-hot pyrites. 
W. Steinkopf (1911) obtains an increased yield by passing a current of acetylene over 
pyrites contained in a revolving iron drum and heated to 300° in a furnace, the exhausted 
pyrites being continually discharged and fresh pyrites introduced. The condensed liquid 
product contains 40 per cent, of thiophene, which can be extracted by fractional distillation. 

One of the syntheses of thiophene consists in the distillation of succinic acid in presence 
of phosphorus sulphide, hydrogen and hydrogen sulphide being evolved ; this synthesis 
confirms the constitution : 


/3 a 

HaC-COsH HC=CHv 

I — ^ I yS (Thiophene). 

HgC-COaH HC-CH^ 

/31 


Thiophene is a colourless and almost odourless, refractive liquid, boiling at 84°, and 
having the sp. gr. 1*062 at 23°. The presence of the double linkings is confirmed by the 
quantitative addition of ozone. 

Pure thiophene, prepared synthetically, costs £18 per kilo. 

CH : C(CH3). 

Dimethylthiophene {thioxene), | Ns, is obtained by the interaction of the 

CH : C(CH3)/ 

enohc form of acetonylacetone and phosphorus pentasulphide, and 1 : 4-diketones in 
general yield higher homologues of thiophene, which, when oxidised, give carboxyl groups 
in place of the side-chains. 

Thiophene compounds, such as halogen and nitro- derivatives, sulphonio acids, &c., 
behave very similarly to those of benzene. 

With isatin and concentrated sulphuric acid, thiophene gives a blue coloration (mdo- 
phenin, Ct2H7*]SrOS). 

3. PYRROLE, C4H5N, is found in small quantity in tar and in larger quantity in 
Dippel animal oil {bone oil), especially in the fraction distilling at about 130°, which is 
freed from pyridine bases by saponifying with soda and washing with dilute sulphuric 
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acid. It IS puniicd by converting into the potassium derivative, C 4 H 4 NK (by the action 
of potassium), which is washed with ether, in which it is insoluble, and then treated with 
water, the pyrrole being thus liberated. 

After fractional distillation, it is obtained as a light, colourless oil, boiling at 131°, 
and possessing a faint odour of chloroform. It readily turns brown and polymerises 
under the action of light. With isatin and sulphuric acid it gives the blue indophenin 
reaction {see above), 

A reaction characteristic of the pyrroles is the red coloration they give with a pine shaving 
moistened with HCl. 

The hydrogen of the iminio group is replaceable by metals, acetyl, and all?;yl 
groups. 

Pyrrole now forms the basis of a number of important compounds, which are obtained 
by various syntheses investigated by Ciamician and his collaborators during the past 
quarter of a century. 

The constitutional formula of pyrrole is as follows : 


fyUC CH/3 


4 


5 

2 


a'HC CH« 



this being deduced from a number of reactions and syntheses, e.g, the formation of pyrrole 
by the action of ammonia on y-diketones or on succinic aldehyde, with intermediate 
formation of diammonaldehyde : 

CHo-CHO CH:CHv 

I +NH3-2H2O+ I )NH. 

OHs’CHO ORiOR'^ 


This pyridine nucleus occurs frequently in nature, in combination with other groups 
in alkaloids (nicotine, &c.), in the colouring-matter of the blood and of chlorophyll, 

CH2-CH:N-0H 

When boiled with hydroxylamine, pyrrole gives Succindialdoxime, | 

CH2*CH:hr*0H 

CEa-CHO 

which, with nitrous acid, gives sucoinio aldehyde, I 

OHa-CHO 

CHs-COk 

Pyrrole is formed by the distillation of succiniraide, | ^NH, with sodium 

or zinc dust, while the oxidation of pyrrole with chromic acid gives maleimide, 

CH-COv 

II \nh. 

CH-CQ/ 

Pyrrole is changed by acids ; with HCl in the hot, it polymerises and condenses 
to a red mass {pyrrole red). It has a faint acid character, but gives a hydrochloride, 
( 04 ,H 6 N) 3 , HCl, only in ethereal solution. 

With the halogens it gives not additive products but only, like benzene, substituted 
derivatives. Tetraiodopyrrole {iodol) is obtained from pyrrole by the action of an alcoholic, 
alkaline solution of iodine ; it is an efficient antiseptic and is used instead of iodoform, 
being without the unpleasant odour of the latter. It melts at 190°, and is colourless when 
freshly prepared, but it gradually turns brown and deposits iodine. 

With nitric and sulphuric acids, pyrrole resinifies ; the nitro-derivatives, which contain 
the wm^ro-group, NOOH, are prepared indirectly {e,g, with alkyl nitrate). 

Pyrrole is analogous in many of its properties with the substituted phenols and anilines ; 
thus, a methyl- or acetyl-group united to the nitrogen (N-dorivativcs) is displaced, on 
heating, to a carbon atom (C-derivatives) : 
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HC— CH 

II li 

HC CH 

\/ 

N 

CHs 


HC—CH 

II II 

HC C-CHg ; 

\/ 

NH 


HC~CH 

II II 

HC CH 

\/ " 
N 

CO-CHg 


HC— CH 

II II 

HC C-CO-CHa. 

\/ 

NH 


Potassium p37rrolate, C4^H4NK, and C02give pyrrolecarboxylic acid, C4H3(C02H)*NH 
(m.pt. 102°) ; this loses CO2 and gives pyrrole again when heated, while it loses water and 

N CO 


forms a dimolecular anhydride, Pyrocoll, 


\_ 
CO N 


when treated with 


acetic anhydride. 

Like the substituted phenols, the C-alkylpyrroles give pyrrolecarboxylic acids by simple 
fusion with potash. In analogy with the formation of nitrosophenols from phenols, pyrrole, 
with ethyl nitrite in presence of sodium alkoxide, forms Nitrosopyrrole, which exists in 
tautomeric modifications : 


HC— C:N0H HC—CH 

II II II 

HC CH and HC 0 : NOH. 



By means of chloroform and sodium alkoxide, another atom of carbon is intioduced 
into the nucleus, a pyridine derivative being formed. 

Hydrogenated derivatives of pyrrole are formed more easily than those of benzene, and, 
like the latter, do not show purely aromatic properties. When pyrrole is reduced by means 
of zinc and hot acetic or cold hydrochloric acid, it yields Dihydropyrrole (or pijrroline, 
m.pt. 91°), which, with HI and P, gives Tetrahydropyrrole (or pyrrolidine, b.pt. 87°), 


H,; 


N/ 

NH 


H2 ; the latter, together with N-methylpyrroline, are the simplest cyclic alkaloids 


known and are found in tobacco. Pyrrolidine is found in carrot seeds and a C-methyl- 
pyrroline in pepper. 

When proteins are decomposed by means of trypsin or hydrochloric acid, the amino- 
acids formed are accompanied by Isevo-rotatory a-Pyrrolidinecarboxylic Acid. Among the 
products formed by the degradation of egg albumin by baryta is a'-pyrrolidone-a-carboxylic 
HgO-CHs 
1 1 

Acid, OC CH-COaH, which is also known as pyroglutamic acid ; it melts at 183°, has 

\/ 

NH 

a neutral reaction and, when heated, loses COg and HgO, forming pyrrole. 

PYRAZOLE, C3H4N2, is a heterocyclic compound with two nitrogen atoms in the 
ortho-positions. It can, indeed, be obtained by the condensation of 1 mol. of diazo methane 
with 1 mol. of acetylene : 

CH .N (JH Nv 

III' + CH2N II «= I ^NH (Pyrazole). 

CH \N CH-CH'^ 


It is very stable, melts at 70°, is a feeble base, and has a neutral reaction in water. The 
a73'-dihydro-compound is known as Pyrazoline, CsHgNo, and the ci^-keto-derivative 
CH : Ns 

of this, ^^^NH, as Pyrazolone. Condensation of methylphenylhydrazine, 
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CH^-NH'NH'CeHs, with ethyl acetoacetate yields Dimethylphenylpyrazolone, 
CH3-C-N(CH3)v 

II yN-CfiHg, which bears the name antipyrine and is used medicinally 

H*C CO'^ 

owing to its marked antipyretic action on the animal organism ; it melts at 113°, 
dissolves in water and in alcohol, and gives a greenish blue coloration with nitrous acid 
and a red coloration with ferric chloride. 

NC=Hv 

THIAZOLE, C3H3NS, or | yS, may be regarded as thiophene with one CH 

CH=CH^ 

group replaced by N. It shows analogies with the pyridine bases. Just as benzene 
may be obtained from aniline, thiazole may be obtained from aminothiazole {see below). 

AMINOTHI AZOLE, C3H2NS • NHg, is obtained by the action of nionochioracetaldeh> de 
on pseudo-thiourea : 


CHa-Cl CH— N. 

C— NH2 = HCl -h H2O + II 7C-NH2 

CH — 


5/ 


CHO HS^ 

and is a base analogous to aniline. 

N=CHv 

IMIDAZOLE or Glyoxaline, C3H4N2 or | ^NH, melting at 92°, is a strong base 

HC=CH^ 

with a fishy odour, and is isomeric with pyrazole {see above) ; it is obtained by the action 
of ammonia on glyoxal in presence of a little formaldehyde. Alloxan (see p. 366) may 
bo regarded as a derivative of imidazole. 

LYSIDINE, Methyldihydroimidazole or Ethenylethylenediamine, C3H3(CH3)N2H2, 
is administered as a solvent for uric acid. 

N=CHn 


OXAZOLE, C3H3NO, or 


r/ 


0, is also termed Furazole, owing to its analogy 


HCrTrCH*^ 

with furfuran (^ee above). Its phenyl derivatives are known, as also are those of Isooxazole, 
HC= Nv 

i >0. 

HC=:CH/ 

HC=Nv 

OSOTRIAZOLE, | /NH, is faintly acid and also faintly basic in character. 

HC=N^ 

It melts at 22°, boils at 204°, and is soluble in water. 

N=CHv 

TRI AZOLE (or Pyrrodiazole), | yNH, melts at 121°, and is extremely soluble 

HC = 

in water. 

HC=Nv 

TETRAZOLE, | /NH, is a weak acid which forms explosive salts ; it melts 

n=n/ 

at 155° and is soluble in water. 

HC=N 


AZOXAZOLE, 


HC=N 


y 


O, is also termed Furazan. 


4. PYRIDINE AND ITS DERIVATIVES 

Pyridine is a heterocyclic nucleus containing five carbon atoms and one 
nitrogen. It resembles benzene in. its behaviour, but it is more stable or 
more indifferent towards sulphuric, nitric, and chromic acids, permanganate, 
&c. Oxidation of the homologues with side-chains gives pyridinecarboxylic 
acids, and the latter, when distilled with lime, give pyridine. 

Its hydro-derivatives are readily formed in a similar manner to hydro- 
benzenes. 
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Halogen derivatives are obtained more easily by the action of PCJ^ or 
SbCIs at a high temperature than by the action of the halogens themselves. 

Oxidising agents attack only the side-chains and not the pyridine nucleus. 
With sulphuric acid, a pyridinesulphonic acid is obtained, and this gives a 
hydroxyl-derivative of pyridine on fusion with potash, or a nitrile when 
treated with KCN. There is hence a marked analogy to benzene, although 
direct nitration of pyridine is not possible unless phenolic or aminic groups 
are present. 

Pyridine and its derivatives are decidedly basic in character (tertiary bases) 
and form soluble salts with hydrochloric or sulphuric acid and insoluble ones 
with chromic acid ; the double salts with platinum and gold chlorides are 
slightly soluble. Like tertiary bases, they combine with methyl iodide to form 
quaternary bases. 

From the complex alkaloidal groupings, pyridine compoxuids are often 
obtained either by distillation with caustic potash or merely by energetic 
oxidation . 

Coal-tar and Dippel animal oil contain various pyridine compounds which 
are separated by conversion into salts. 

General methods of formation, (a) The oxidation of quinoline {see later) 
yields first quinolinic acid (pyridinedicarboxylic acid), C 5 H 3 N(C 02 H) 2 , which 
then loses COg, giving pyridine. /3-Methylpyridine is obtained by distilling 
acraldehyde-ammonia ; this explains the presence of pyiddine products in 
Dippel oil, acrolein and ammonia being formed in the dry distillation of non- 
defatted bones. 

An important synthesis is the general one of Hantzsch by which Ethyl 
Dihydrocollidinedicarboxylate, for example, is obtained by heating aldehyde- 
ammonia with ethyl acetoacetate ; other pyridine compounds arc obtained 
from different aldehyde-ammonias and / 3 -ketonic acids : 

2CH3-C0-CH2-C02C2H5 + CHg-CHO + NH 3 -- 

C5N(CH3)3H2(C02C2H5)2 + 3 H 2 O. 

From the ester thus formed the hydrogen of the NH and CH is eliminated by 
means of nitrous acid, and the resulting collidinedicarboxylic acid, when treated 
with potash and distilled with lime, loses the two carboxyls and gives collidine 
(trimethylpyridine) ; oxidation of the latter gives pyridinecarboxylic acid and 
elimination of carboxyl from this in the ordinary w^ay forms pyridine. 

When ethylidene chloride is heated with alcoholic ammonia, it yields 
Aldehydine, CgHii-N. 


The comtitidion of 'pyridine corresponds with that of benzene, in wJiieli otie 
group, CH, has been replaced by a nitrogen atom. Korner in 1869 proposed the following 
constitutional formula, which still agrees well with all tho general ])ropertieB of t he pyridine 
compounds : 


HC 

HC 


CH 

/\ 


N 


CH 

CH 



When pyridine is reduced with alcohol and sodium, it fixes six atoms of hydrogen, 
giving Piperidine or hexahydropyridine, the constitution of which is shown by its synthesis 
when pentamethylenediamine hydrochloride is rapidly heated : 



CHs-CHa-NHs 


/CH2-CH.V 

- NH3 + CHgC; ^NH. 
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When piperidine is heated with sulphuric acid it gives pyridine, aiid the latter, when 
strongly heated with hydriodic acid, gives normal pentane. The constitution of pyridine 
is confirmed by the fact that the isomeric substitution products correspond exactly in 
number with those derivable theoretically from Korner’s formula. There are, indeed, 
three monosubstituted isomerides (a, /3, and y), and six disubstituted isomerides : aa^ 
«/3, a/3', jjy, and /3/3', 

The position of a substituent group is determined by converting it into a carboxyl 
group with formation of the corresponding acid of known constitution (see later). Thus, 
picohnic acid has the carboxyl in the a-position, nicotmic acid in the /3-, and isonicotimc 
acid in the y-position. 

PYRIDINE, CsHgN, is a coiourless liq[uid, boiling at 115° and having the 
sp. gr. 1*0033 at 0°,- It dissolves in water in all proportions and has a slight 
alkaline reaction (not sensitive to phenolphthalein, slightly to litmns, and more 
so to methyl orange). 

It has an unpleasant odour and is hence used to denature alcohol (see p. 152) . 

It forms a slightly soluble ferrocyanide, by means of which it can be purified. 
It forms pyridineammonium iodides, e,g. C 5 H 5 N,CH 3 l, which with KOH in 
the hot gives Dihydromethylpyridine, C 5 H 4 H 2 -NCH 3 , with a characteristic 
pungent odour. 

Metallic sodium polymerises pyridine, forming Dipyridine, OioHioN 2 
(b.pt. 290°) and y-Dipyridyl, CioHgNg or (m.pt. 114°). With 

sulphuric acid it gives /3-Pyridinesulphonic Acid, NCgH^-SOgH. 

Pyridine is administered in cases of asthma and has been suggested as a 
means of purifying synthetic indigo. 

Mixed pyridine bases for denaturing cost about Is. 2d. per kilo and pur© 
pyridine 8^. 

Of the homologues of pyridine, the following may be mentioned : 

PICOLINE (Methylpyridine), NCgH^^-CHa, exists as tluee isomeric hquids similar to 
pyridine and of disagreeable odour ; their boilmg-points are : a, 129^^ ; /3, 112° ; y, 144°. 
Besides by general synthetical methods (see above), /3-picoline is formed by heating strych- 
nine with lime, a -Methylpyridine condenses with aldehydes by means of the methyl 
group, giving alkines : NC6H4,*CH3 -f CH3 ‘OHO «= NC5H4*CH2 *011(011) 'CH^. This 
a-'p%colylalhine gives up a molecule of water yielding a pyridine derivative with an un- 
saturated side-chain, e,g,, a-allylpyridine, N05H4*CH : CH-CHg. 

These reactions proceed in one stage if zinc chloride is present with the aldehyde. 

LUTIDINES (Dimethylpyridines), NC5H3(Cli3)2 ; thxGo isomerides are known, with 
the boiling-points : aa', 143° ; /3/3', 170° ,* ay, 157°. 

COLLIDINES (Trimethylpyridines), N0gH2(CH8)3, are isomeric with propylpyridine. 
a-Allylpyridine (see above) fixes hydrogen (alcohol and sodium), giving the alkaloid CONIINE 
(inactive racemic), which is a-Propylpiperidine ; fractional crystaUisation of the tartrate 
separates the Isovo- from the dextro-form, the latter being identical with natural coniine 
(the poison of hemlock), boiling at 1 67°. The asymmetric carbon atom causing the activity 
is the a- one united with the propyl group. 

PYRIDONES or HYDROXYPYRIDINES, NCgH^-OH. The thfee isomerides are 
known, their boiling-points being : a, 107° ,* j3, 124°, and y, 148°. They are obtained 
by heating the corresponding hydroxypyridkiecarboxylic acids with lime. They are 
phenolic in character and give red or yellow colorations with ferric chloride. a-Hydroxy- 
i)yridino forms two series of derivatives corresponding with the two tautomeric formuke ; 

/C(OH). /CO V 

I )0^R2. 

the former giving, for instance, a Methoxypyridine and the latter a Methylpyridonei 

PYRIDINEMONOCARBOXYLIC ACIDS, NCsH^-CO^H. The three isomerides are 
as follow : a or Picolmic Acid, m.pt. 135° ; /3 or Nicotinic or Nicotic Acid, m.pt. 231° ^ 
y or isonicotinic’ acid, m.pt. 309°* 

They are formed by oxidation of pyridine derivatives with a side-chain or by elimination 
U 
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of one carboxyl from the xiyridinedicarboxylic acids, that nearer to the nitrogen being 
the more easily eliminated. Nicotinic acid is obtained on oxidation of nicotine. When 
boiled with sodium amalgam in a highly alkahne solution, these acids lose nitrogen as NH 3 
and give saturated, open- chain, dibasic hydroxy- acids. 

When the carboxyl is in the a-position (with the diearboxylio acids also), an orange 
coloration is given with FeS 04 . 

As they are both acid and basic in character, they exhibit analogies with glyeocoll 
p. 355). 

The PYRIDINEDICARBOXYLIC ACIDS, NC 5 H 3 (C 02 H) 2 , have the following melting- 
points : aa' or Dipicolinic Add, 226° ; /3/3^ or Dinicotinic Acid, 323° ,* a/3 or Quinolinic 
Acid, 190° ,* Isodnchomeronic Acid, 236° ; ay or Lutidmic Acid, 235° ; fly or 
Cinchomeronic Acid, 249°. 

Quinolinic acid is formed by the oxidation of quinoline, its constitution being thus 
established ; and since in the hot it loses CO 2 from the a-position, giving nicotinic acid, 
the constitution of the latter is also fixed. 

Pyridinetricarboxylic Acids (obtained by oxidising cinchonine or quinine), as well as 
Pentacarboxylic Acids and Hydroxypyndinecarboxylic Acids, are also known, 

HYDROPYRIDINES. The Dihydropyridines are mentioned above. The tetra^ 
liydrofyhdinea and their derivatives are known also as piperideines, while the Jiexahydro* 
pyridines and their derivatives — included in the term pipendines — embrace pipecaline, 
; lupetidine, NC 5 Hg(CH 3 ) 2 ; NC5H8(CH3)3, &c. 

PIPERIDINE, NC 5 H 11 , is obtained by heating Piperine or piperylpiperidine, 
CgHi 0 N - 012^903 (»i-P^* which is the alkaloid contained in piepper, and is formed by 
the condensation of 1 mol, of piperic or pipennic acid, Cx 2 Hio 04 , or 

CH2<q>C 6H3-CH : CH-CH : CH-COaH 

with 1 mol. of piperidine. For the constitution and syntheses of the latter, see p. 624. 

Piperidine boils at 106°, has an odour of pepper, as strongly basic, and is soluble in water 
or alcohol. With H 2 O 2 it gives aminovaleraldehyde. 

Piperidine, being a secondary base, forms with 2 OH 3 I an ammonium iodide derivative 
which, when distilled with silver oxide, gives an unsaturated open-chain, tertiary base ; 
in its turn the latter, with OH3I, AggO, and distillation, loses trimethylamine and forms 
Piperilene, CH 2 : CE'CHg-OH : CH 2 . 

To the group of lieterocyclic compounds belong the following, which are of 
little importance : 


0 

N 

CH 

0 

/\ 

/\ 

/\ 

/\ 

HC CH 

HO CH 

HC CH 

CHa CHa 

1 1 

II II 

1 II 

1 II 

HC CH 
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N N 

CH^ CHg 

\/ 

\/- 

\/ 

\/ 

CO 

N 

CH 

NH 
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Pyrazine or aldine 

Pyrimidine 

Morpholine, 

(m.pt. 32®) ; the iso- 

(m pt, 47®) is basic 

or ni-diaziTie 

a base, h.pt. 

meric a-pyrone is 
mumalm 

and with H gives 
‘piyerazme, CaHjoKs 

(m.pt. 22“) 

1529® 


Prom these compounds can be derived coumalinic or commie acid, 
C 5 H 302 *C 02 H (also formed from malic acid); Meconic Acid, 05 HO 2 (OH) 
(C 02 B[) 2 , which can be obtained from opium and gives pyromeconic acid by 
elimination of CO 2 ; Chelidonic Acid, C5H202(C02H)2, which is found in 
celandine, loses CO 2 giving comanic acid and pyrone, 

ALKALOIDS 

These are found in various plants and have medicinal and often poisonous 
properties ; some of them, such as caffeine, theobromine, &c., wore described 
on p. 368, and the principal ones having ba-sio characters [vcgciahle bases) will 
be considered here. 
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They are almost all Issvo -rotatory and have an alkaline reaction and a 
bitter taste. They are soluble in alcohol and to a less extent in ether, 
and are usually insoluble in water and in alkali; in acids they dissolve 
with formation of crystallisable salts, hfearly all alkaloids are precipitated 
from their solutions by tannin, phosphomolybdio acid, ji^tassium mercury 
iodide, HglgdCf, or aromatic nitro-derivatives (e.^. picric acid, &;e.), 

From plants they are extracted with acid solutions and are then liberated 
with alkali and either distilled in steam or, if they are non-volatile, 
filtered. 

When converted into salts by means of strong acids, their specific rotatory 
power is not greatly influenced, since these acids are almost completely dis- 
sociated in aqueous solution ; with weak acids, however, the salts are only 
slightly dissociated and hence the rotatory power is different, being due to very 
different ions, 

A. Pictet (1906) regards the alkaloids not as assimilation products of the 
organism, but rather as nitrogenous decomposition products of proteins, 
nucleins, chlorophyll, &c., which have condensed with other substances present 
in the plants. It is supposed that alkaloids containing the pyrrole group 
have their origin in protein or chlorophyll, in which such group is certainly 
present, while those with a pyridine grouping have a similar origin, the trans- 
formation of the pyrrole into the pyridine nucleus being possible even in the 
laboratory ; the pyridine group itself does not appear to exist in the proteins, 
chlorophyll, &c.^ 

1 Sepai*ation and Tests of Alkaloids. A imxturo of tliobC is sopaiatcd as follows : 

1. From the iiouUal or acid a<iucous solution, ether extracts : digiUilm, and coloMcbie! and from a 

solutionyf these the first and last arc precipitated by taniiiu. 

^ n. rrom tlie alKaliuc aciucous solutions ether extracts : coimacj niootinOi hn^oim, dclpluiimey narcotine^ vci'U* 
trine, atropine, strychnine, aconitine, ymnine, codeim, aini physostiymme. 

III. ri'om the alJvalinc aiiucoua solution, ohlorofonu extracts ; cinchonine, caffeine, cunuiiie, morphine, solanine^ 
and theobromine. 

I'lic separate alkaloids can be aisiuiguished by the tollowing eoloriinetric tcbts, arranged by IXagcr. The colours 
arc icprcscntcd slioitly (as with the colouring-matter, s ; m later) as follow ; 0 ~ oiange ; i? *= blue \ Br ==- 
brown j J) ~ dceoionsea or colourless ; Y ^ yellow ; Ur — grey ; M = black ; R ^ red ; r «= rose ; Gn =» 
green ; V ~ violet ; + — intense ; — — weak. yUio reagents most commonly used are : 

(1) Brdmamffs rcaoent : to 21) drops of a solution containing 10 drops of nN08(8p. gr. i 102) and 2<) c.o. of 
water arc added 40 c.c. of conceutrated XI28D4 One cubic centimetre of this liQ,ind is poured on to 1 to 2 grma. of 
the dry aldaloid and the changes observed after 15 to 20 inumtes. 

(2) Frdhde*s reagent : 0*5 grm, sodium molybdate in 100 c.c. cone. IfsSOi. 

(2) MandelWs reagent : 1 grm. ammonium vanadate in 200 grins. (monohydiate). 

(4) Marguis^s reagent : a solution of formalin in sulphuric acid. 

(5) Lapu*8 reagent ; sulphuric acid solution of ammonium selenite. 

See Tabic on p. 628. 

* Synthesis of Alkaloids and Medicine. Bvon during the most remote ages human beings sought remedioa 
for their ailments in the principles contained m various plants and animals. Galen (a.d. 131-200) studied vaiious 
medioincs more rationally than had been previously done by Hippocrates (400 B.O.). 

Numerous niodicinca proposed by Galen were used as sovereign remedies for some centuries, until indeed 
Taracolsus (1403"“1541) gave a new direction to mcdicmc by contesting the theory of Galen and of Avicenna 
and by founding iatrochemietry, which had such a large following in the Middle Ages, and winch ultimately degene- 
rated into the inost fantastic sorcery (see History of Chemistry, vol. 1, p. 14). 

Modern chemistry alone could yield medicine any real sujiport, by rigorous control of the physiological and 
chemical actions of all the natural and artificial drugs. 

In the past the curative properties of various substances were discovered by pure chance ; this was the case, 
for instance, with antifebrm (acetanilide), which was administered to a patient in mistake for naphthalene. But 
nowadays a rational procedure is followed, use being made cither of analogy in chemical constitution between the 
substance under consideration and others of known action or of systematic iihysiologioal tests, first on animals 
and afterwards on human beings. 

Until the beginning of the mnctccnlh century, the energies of cheiniats wore directed to the discovery of the 
active and osBOntml principles of those parts of plants successfully applied in medicine. When these were isolated 
in the pure state, attempts were made to establish thoir chemical structures and, in some cases, to efiecl their 
manufacture synthetically. 

Ah early as 1805 Serttirner discovered and isolated morphine, the active principle of opium, and in 1821 Pelletier 
and Cavenfcou discovered the alkaloids of cinchona bark, which wore studied in 1850 by Strecker with the object 
of asceitaming their chemical constitution. The synthesis of these alkaloids was by no moans an easy task, but in 
cases where they thomBclves have not been obtained by laboratory reactions, simple derivatives have been prepared, 
and these often exhibit similar therapeutic properties. Thus synthesis has given codeine (or mcihylmorphine) 
and diomne (ethylmorphine), which m many cases are excoUont substitutes for morphine, as they are scarcely if 
at all polsonoue. Derivatives of cocaine, such as eucaim (a derivative of 7-methoxypiperidnie , Gor. Pats. 90,285 
and 97,672), and of quinine, such as euquinine (the carbethoxy-derivativo of quinine, without the bitter taste of the 
mother-substance), have also been prepared. 

Chemical invebtigation not only gives new products but leads to improved maiiiifi'ictiire and cousequent cheapen* 
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ANAESTHETICS 

The consumption of alkaloids is growing in all countries. The imports 
into Italy (exclusive of quinine) amounted to 14,200 kilos in 1908 and 17,320 
kilos, of the value of £138,545, in 1910. 

CONIINE, CgHi^N, is found in hemlock [Conium maculatum), Tor its 
constitution and syntheses, see above, 

NICOTINE, CioHi 4 N 2 , is a strong diacid base which, in combination with malic and 
citric acids, forms the poisonous alkaloid of tobacco. It is an oil boiling at 247° and possess- 
ing a very strong odour ; it is soluble in water, alcohol, or ether, and turns brown in the 

mj? of the old ones. Thus, quinine, which twenty years ago cost £40 per kilo, Is now sold in a highly pure state 
for 32s. Vast works now turn out enormous quantities of synthetic drugs, although these are administered m 
doses of centigrammes ; thus, antipyrine, discovered hy Ivnorr, was consumed to the extent of hundreds of thousands 
of kilos m the first few yeais during which influenza made its appearance. 

Modern industrial conditions have rendered possible the development of serotherapy {see p. 116). and gieat 
results are now promised by organotherapy or ototherapy. This is based on the fairly general phenomenon that 
111 the different organs of a healthy individual substances are continually produced capable of guarding them 
against different affections. This principle, introduced vaguely and confusedly by Brown-S^quard m Brance in 
1891, was in 1895 brought forward with triumph hy Baumann, who found that m many persons goitre is due to 
deficient sccioiion of iodo-products by the thyroid glands {see vol, i, p. 151), and, having extracted the active 
iodine principle, thyroiditif from the thyroid of healthy sheep, that this constitutes a rapid and effective cure for 
goitre. For the treatment of other diseased organs, ovarin, cerebrin, nuclein, &c , were prepared from the 
corresponding organs of healthy animals. 

Coal-tar derivatives have been employed for the ssmthesis, not only of artificial alkaloids, antipyretics, and 
antiseptics, hut also of an important group of anoesthetic or hypnotic substances which have been of groat service 
to mcdicmo and especially to surgery m rendering painless the most complicated operations. At first, substances 
such as ether and chloroform were employed which produced general ancesthesia of the organism ; but the use of 
these, especially of chloroform, was attended by much inconvenience and often hy death of the patient. Sulphuric 
ether was recognised as an aniesthctic by Faraday as early as 1818, but it was used for the first time by the American 
doctor, C. W, Long, m 1842. 

The aneosthotic is carried by the blood into contact with the nerve-centres which perceive pam, producing 
Ji, poisoning and a paralysis which last for some time, but at the same time those centres which govern the action 
of the heart and of respiration are also affected, thus causing the dangers and disturbances accompanying general 
anaisthesia. The nervous currents start from the periphery, from the points where the surgical operation begins, 
and are transmitted to the brain, which transforms them into the sensation of pain, and it is precisely by the 
Influence of the amcsthetic on the cerebral centres that pam is avoided. But anesthesia ceases to he dangerous 
when the paralysis is effected on the peripheral nerve-centres at the beginning of the nervous currents, without, 
however, reaching the brain. In this way the idea of local ancesthesia was arrived at, this being much more rational 
and much less dangerous, since hy its means only the single organ or region of the body to he operated on is rendered 
insensible. 

To chloroform, ether, <S:c., wore added, in 1885, cocaine, which paralyses only the sensitive peripheral nerves 
and does not influence the motor nerves. It can now bo indicated which specific atomic groupings m the molecules 
of anaesthetics or hypnotics confer on those their special properties. 

Hypnotics include those of (1) the chloral hydrate group, to which belong also chloralamide (chloralformamide) 

CTI H 

and paraldehyde; (2) the tort, amyl alcohol class, presence of a hydroxyl 

and of a carbon atom united to three alkyl groups, the action of those compounds increasing with the molecular 
weight ; (8) the intermediate dormiol [tort, amylchloral, C01a*0H(0II)(00#Hij)] class ; (4) the urethane deri- 
vatives, including hedonal (mothylpropylcarbinol urethane, 3SrHa-0O*O'CH(CHa)(CsH,) ; (6) a group of compounds 
containing a single carbon atom united to two alkyl groups and to two sulphomc residues, e,g. trional, 

{methylsvdphonal or diothylsulphonemothylethylmethane) ; (6) a group studied by B. Fischer 
and consisting of urea derivatives, e.g. Xna*CO'KlI-CO*CH(OaH8)a (diethylacetylurea) or, better, diethylmalonylurea, 
(diethylbarbituric acid), which bears the name of veronal (m.pt. ; it was prepared 

by B. Fischer and J. Moring, patented hy Messrs. Merck m 1903 and then made by Messrs. Fr. Bayer, of Blberfeld) 
and servos to replace chloroform, being free from the dangerous consequences of the latter (provided that it is not 
administered to patients with weak kidneys). Change of the alkyl groups in veronal is accompanied by change 
in the properties ; thus, dimcthylbarbituric acid has no hypnotic properties, dipropylbarbitunc acid is more effective 
than veronal, while dibonzylbarbituric acid is without action, possibly owing to its slight solubility. 

According to H. Meyer and Overton, all substances capable of dissolving fats are more or less ansasthotic, 
and according to Xicloux (1909) the substance of the nervous system contains an abundance of lipoids, i,e. of 
compounds soluble in the same solvents as fats and hence capable of fixing the ansesthotics (they may contain 
nitrogen and also phosphorus). Thus the quantity of anaesthetic fixed by the organism and hence effective 
is directly related to the quantity of lipoids present m the various parts of the body. ^ It is also interesting that 
structural isomerism produces marked change in the physiological action, tropacocaine, for instance, being an 
anflosthotio, while henzoyltropine acta as a mydriatic. 

Of the numerous other ansesthetios, orthoform (methyl ester of m-amino-p-hydroxybenzoic acid), aliptne 
holoeaine, may be mentioned* 

But m order that local ancesthesia may be efficacious and lasting, it is necessary to prevent the anmsthetic 
inoculated at a certain place from being carried away {resorted) by the blood, and this was at first attained by 
causing the venous blood at that place to stagnate by preventing circulation. The same end was reached later 
by intense local cooling produced by the rapid evaporation of ethyl or methyl chloride. 

For internal surgical operations (e.i 7 . in the thorax, &c.), adrenaline, 0#H#(OH)a'OHCOH:)»OH2-3!TH*OH:a, is 
of the greatest use, as it produces considerable contraction of the blood-vessels without driving all the blood 
from them, although it prevents fresh blood from arriving ; the ansesthetic can thus be kept as long a.8 is desired 
in the inoculated region. The substitution of cocaine by stovaine (less poisonous) leads to partial spinal ancesthesia 
or]m 0 dullary ancesthesia, which now permits the most difficult surgical operations on the abdominal organs and 
even renders possible painless childbirth. 
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air. W^heii oxidised by permanganate it forms nicotinic acid, and as further it contains 
also a pyrrolidine group, its constitution is represented as follows : 


CH: 
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N — CH 
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.CHo CH2 

■ I ■ 
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Synthetically it is obtained from /3-aminopyridine which is converted into its mucic 
cid salt, and then passes through the following stages : 
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Practically it is prepared from ordinary tobacco extract, by diluting, rendering strongly 
alkaline with. NaOH, and extracting with ether. Prom the ethereal solution, the alkaloid 
IS extracted by shaking with dilute sulphuric acid and decanting off the acid solution. The 
latter is again made strongly alkaline and shaken with ether, and the ethereal solution 
dehydrated by means of sohd NaOH. The ether is then distilled off and the remaining 
nicotine distilled in a stream of hydrogen. 

It is a very powerful poison and is used medicinally to counteract nervous irregularity 
of the heart and is employed in agriculture, as tobacco extract, ‘to kill insects.^ Impure 
75 per cent, nicotine costs 1485. per kilo, and the pure product 1845. 


1 Tobacco is a herbaceous plant, originally an annual but now sometimes a biennial, of the order Solonacese 
(Nicotiana tabacum), which includes about fifty species and sub-species of American origin, e.g. the Virginia tobacco 
plant {Nicotima tabacumy see Fig. 420), the Maryland large-leaved tobacco (JV. latissima, N. rustica, N. suffruticosUy 
&c.). These grow well in various countries, as is shown by the following Table, giving the mean production of raw 
tobacco a few years ago (the figures given are tons) : 



Output 

Imports 

less 

Exports 

Exports 

less 

Imports 


Output 

Imports 

Expoits 

United States. 
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Italy imports about 2000 tons of tobacco leaf (about £1,080,000) and exports manufactured tobacco to the value 
of about £200,000. 

The world’s production of raw tobacco varies from 900,000 to 1,000,000 tons, of the value of £48,000,000 to 
£56,000,000. The price is about £32 to £40 p§r ton for the ordinary quality and £120 to £160 for the finer qualities 
(Manila, Havana, Sumatra). 

Ordinary tobacco plants are only slightly branched and have a height of about 1 metre, although some exceed 
li metre. They are studded with sticky hairs, and the leaves are wide and oval or, sometimes, long and narrow, 
as with Cninese tobacco (N. cMnensis). The flowers are in clusters and resemble those of potatoes, but are usualy 
flesh-red. The cultivation of tobacco requires a good soil rich in humus, and the climate, soil, and mode of growing 
exert a considerable influence on the quality of the tobacco. The readiness with which a tobacco bums m the form 
of cigars depends on the potash-content of the plant, while chlorides hinder tlie combustion. On this account 
fertilisation with stable manure, sewage, or potassium chloride is avoided, preference being given to potassium 
or ar memum sulphate mixed with a little T|iomas slag and stable manure. The young plants froin the forcing 
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ATROPINE, Ci7H230aN, is tho alkaloid of the berries of Atropa helladomia (deadly 
nightshade) and of the fruit of Datura stramonium (thorn-apple). In dilute solution it is 
used as a mydriatic (enlarging the pupil of the eye) and as an analgesic (relieving pain). 
It is somewhat poisonous and melts at 115 - 5 °. As the products of the decomposition of 
atropine in various ways comprise heptamothylene derivatives, substituted pyrrolidines 
and piperidines, Tropine, NCgHigO, and Tropic Acid [C9H10O3, or a -phenyl-/? -hydroxypro- 
piomc acid, 0H-CH2-CH(C(jH5)*C02H], atropine is regarded as an ester, a tropatc of 

house are planted out in about March, and at the beginning of July tho dry and dirty leaves near the soil are 
detached, together with the useless branches and the flowers. The other, useful leaves arc then removed 
as they begin to yellow and are dried on strings 01 m steam drying-ovens, and arc then sorted and tied in 
bundles. 

In January the leaves are placed in heaps so as to induce fermentation, which renders them brown and gives 
them flavour 

The leaves ariive at tho factory in cloth bales. They are first sorted into kinds suitable for difteront types of 
tobacco and are then beaten to remove sand and dust. They aie then arranged in layers, each of which is sprinkled 
With 5 to 10 per cent salt solution (it is tins which renders cigars 
hygroscopic) to soften it, to facilitate the subsequent opeiations 
and to prevent putrid fermentation. In this state it is some- 
times placed in tepid apartments to initiate a second fermenta- 
tion, which refines tho mxldei qualities ; in some cases this end 
is attained by washing with dilute solutions of salts, alkali, or 
acid, or, more rarely, by torrefying at 00° to 70°. 

The best flavour and aroma are obtained, however, curing, 
i.e. by immersing tho leaf in an aqueous solution of saccharine 
substances, various drugs, nitre, colouring-matters, aromatic 
substances, alcohol, tfee. (each manufacturer has his particular 
method of curing) ; tho drained or pressed loaves arc then loft 
in heaps for a longer or shorter time until they are nnifoimly 
soaked. 

By suitable machines tho ribs of the leaves arc either cut or 
beaten off and the cut leaves then dried by heating in revolving 
metal drums ; tho dried loaves are rapidly cooled in a current of 
air, ttc. Tho subsequent operations for the preparation of 
cigars, cigarettes, cut tobacco foi pipes, or snuff are merely 
mechanical and need not ho described hero. 

Mention may, however, bo made of recent attempts to 
diminish the harmful effects of tobacco, which is now smoked 
111 every country m the world. It sooiiis that when the 
Spaniards invaded America, tlio use of tobacco was already 
known in that country, and they not only extended its use 
there but introduced it into Euiope (by tho T’li6vci brothers in 
3517), arousing grave apprehension owing io a statement by 
the medical men that it was highly injurious to health. In 
1613 Tsar Michael Bodorowii-z prohibited its use in his territory 
under penalty of death or of t.he cutting off of the nose. James 
of England published in 1019 a decree forbidding tho use of 
tobacco and describing smoking as a “ habit disgusting to the 
sight, nauseating to tho smell, dangerous to the brain, harmful 
to the heart, and spreading around tho smoker repugnant 
exhalations," In 1660 the Henate of Bitiio punished the use 
of tobacco like robbery or homicide, and in 1623 Amurat IV 
prohibited its use by the Turks in ordiw that they might not 
become intoxicated or infertile. But to human nature the 
forbidden fruit is the most desired, and, being useless, is none 
the loss nocessary. Tho employment of tobacco spri'ad rapidly 
everywhere, and many states, to limit its consumption, imposed 
enormous taxes on tobacco, and ended by making it a Oovern- 
ment monopoly and thus diunving a vast income to the 
Treasury. 

Since then no Qovornmont has occupied itself with tho health of its subjects, the only care being the enlarge- 
ment of tho Exchequer. In Italy, after tho partnership between the Government and a private company from 
1868 to 1883, the trade in tobacco became a monopoly of tho State, which diu'ives from it a not annual income of 
about £7,000,000. 

Tho mean yearly consumption of tobacco per head is as follows : North America, 3*1 kilos ; Netherlands, 2*5 ; 
Belgium, 2 8 ; Switzerland, 2-3 ; Germany, 1*5 ; Austria-Hungary, 1’5 ; Sweden, 1*2 ; Russia, 0*9 ; Sorvia, 

0 8- France, 0’8; England, 0*7, * Italy, 0-6 ; Roumania, 0*2 ; Eonmark, 0*1 ; Finland, 0*1. 

The harm caused by tobacco is duo especially to the nicotine, to which man becomes accustomed without 
serious inconvonionce, in tho same way as to change of climate, food, drink, or other conditions. Attempts have 
been made in recent years to render tobacco less injurious by extraction of the nicotine with one of a number of 
solvents, but such treatment results in tho removal of the aromatic substances of the tobacco {see also Ger. Pats. 
178,962, 197,159, and 212,417 of 3908). 

Better results are obtained by filtering the smoke through fibres or textile materials before it reaches the mouth. 
Thus the Thoms process (Ger Pat. 145,727), which has proved very satisfactory, consists in ai ranging in the 
mouthpiece of the pipe a small plug of cotton-wool impregnated with ammoniacal feme chloride or ferroiw sulphate, 
this retaining all tho burning ethereal oils, the hydrogen sulphide, a considerable proportion of the hydrocyanic 
acid, and almost all the nicotine and its basic derivatives in the smoke. Treating the raw tobacco with ozone 
has also been employed with tho view of facilitating the elimination of the nicotine, increasing the combustibility, 
and improving the quality. Tho aroma of tobacco is also intensified by tho addition of small (quantities of methyl- 
eugenol ami mothylisoeugenol, 
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twpine, the structure of the latter (which has also been prepared synthetically) being, 
GHs— CH CH2 (a) 

N-CHs CH-OH (m.pt. 62° ; b.pt. 220'’). 

I I 

CHs— CH OH2 (a) 

Hyoscyamine, stereoisomeric with atropine, melts at 109°. 

Tropine, formed by the splitting of atropine with barium hydroxide, is a tertiary base 
containing a secondary alcoholic group and is therefore known also as tropanol. When 
oxidised with chromic acid, it forms first a ketone, Tropinone, CgHisON, and thenTropinic 
Acid, CH3N : C4H6(C02H){CH2 • CO2H), owing to the rupture of the piperidine ring. With 
concentrated HCl, tropine forms Tropidine (or tropene), CsHigN, which is obtained also 
by elimination of CO2 from anhydroecgonine and forms an oily base, b.pt. 162°. 

OTHER ALKALOIDS are: Veratrine (cevadine), C32H29O9N, found in Veratnm 
alburn ; Sparteine, C15H26N2, found in Sparticum scoparium ; Sinapine, CieH2606lSr, found 
in the seeds of white mustard and derived from choline and from Sinapic Acid {dimethyl- 
trihydroxycinnamic acid), CnHigOg ; Hydrastine, CgiHgiOeN, obtained from the roots of 
Hydrastis canadensis, has similar properties to the alkaloid from Secale cornutum and gives 
Hydrastinine, CiiHn02]Sr,H20, on oxidation. 

MORPHINE, Ci7Hi 903N. The latex of the capsule of Papaver somniferum when 
condensed forms opium, which, along with various other compounds {see next page), 
contains considerable quantities of morphine (about 10 per cent.).^ Morphine, melting and 
decomposing at 230°, is slightly soluble in water and odourless, and possesses narcotic 
and analgesic properties, being used in medicine as hydrochloride, Ci7Hi903]Sr,HCl,3H20. 
It is a tertiary base with phenolic characters and, when distilled in presence of zinc dust, 
gives pyridine, pyrrole, quinoline, and phenanthrene. 

Morphine is extracted from opium by means of water, the evaporated aqueous extract 
being treated with sodium carbonate to precipitate all the alkaloids (about twenty) 
of the opium ,• after 24 hours the precipitate is washed with water and then with 
alcohol, which removes the resins and all the alkaloids excepting nearly the whole of the 
morphine. The crude morphine remaining is dissolved in acetic acid (which leaves behind 
the narcotine impurities), the solution filtered through animal charcoal, and the morphine 
liberated by means of ammonia, washed with cold water and dried. It is obtained in a 
purer form by repeatedly boiling its alcoholic solution with animal charcoal and recrystal- 
lishag. 

The action of opium is due to the presence of a number of alkaloids, which arc divided 
by A. Pictet into : 

(1) The Morphine Group, including: 

Morphine, Ct7Hi70]Sr(0H)2 Godeine, Ct7Hi70N(0H)(0CH3) 

Pseudomorphine, [Cx7Hi60N(0H)2]2 Thelaine, di7Hi50ISr( 00113)2 

(2) The Papaverine Group, comprising mainly isoquinoline derivatives, which have a 
mild physiological action : 


Papaverine, CieH9N(OCH3)4 
Laudanidine, Ci7Hi5N(OII)(OCH3)3 
Codamine, Ct8His^^(OH)(OCH3)2 
Narcotine, Ci9Hi404N(0CH3 )3 
Protopine, C2oHtgOsN 
Tritopine, (C2iH2703N)20 


Laudamine, Ci7Hi5lSr(OF)(OCH3 
Laudanosine, Qi 7H15N ( 0 CHg )4 
Cryptopine, Ci()Hi703N(0CH3)2 
Oxynarcotine, 0i9Hi405N( 00113)3 
Narceine, C2oHi80sN(OCH8)3 
Meconidine, 02x1123 64^ 


1 Estimation of Morphine in Opium. Of the vanous methods, that of Stevens (1902) gives good results : 
/grms. of powdered opium are mixed in a mortar with 2 grms. of fresh calcium hydroxide and 10 grms. of water ; 
an additional quantity of 19 c.c. of water is then introduced, the whole being mixed for half an hour, and filtered 
Exactly 15 c.c. of the filtrate are mixed in a 60 c.c. bottle, with 4 c.c. of alcohol and 10 c.c. of ether, 0-5 grm. of 
ammonium chloride being then added and the bottle shaken for 30 minutes, stoppered, and left at rest m a cool 
place for 12 hours. The mass is then poured on to a filter containing a tuft of cotton-wool to retain the morphine 
e rystals. The bottle and funnel are washed with water saturated with morphine until the filtrate becomes colourless. 
The funnel is now placed over the bottle, the cotton lifted with a glass rod drawn out to a curved point, and the 
crystals rinsed into the bottle with 12 c.c. of 1^/10-sulphuric acid ; the cotton is then also put into the bottle, which 
is corked and well shaken. _ After rinsing both cork and funnel with ^ater, the excess of acid is titrated with lT/10- 
caustic soda, using as indicator a solution of wdo-eosin {eosin blue) or litmus. Multiplication of the number of 
cubic centimetres of acid fixed by the morphine hy 1*5038 gives the percentage of morphine in the opium, but this 
number must be increased by 1*12 to compensate for the morphine remaining in solution. 
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Fapaveramine, 021^21^5^ Gnoscopine, €22^^33 O7N 

Sanfaline, G37H30O9 Hydrocotarnine, CtiHi2G2N(OCH3) 

Lantopine, O23H25O4N Berberine^ C20H17O4N 

Opium contains also Meconic Acid, C7H4O7, in combination -with various alkaloids, and 
further: wax, proteins, caoutchouc, pectic and gummy matters, lactic and sulphuric 
acids, ammonium salts, &c. 

Good opium contains 8 to 24 per cent, of water, 3*5 to 5 per cent, of ash, 45 per cent, 
of aqueous extract, 9 to 15 per cent, of morphine, about 5 per cent, of narcotine, 0-8 per 
cent, of papaverine, 04 per cent, of thebaine, 0-3 per cent, of codeine, and 0*2 per cent, of 
narceine. 

The price of good opium is 28^. to 325. per kilo, pure crystalline morphine costing 
£24 and its hydrochloride £18 per kilo. In 1905 Germany imported 687 quintals of opium 
of the value of £65,200. China imported 26,000 quintals in 1908, about 25,000 in 1909, 
and nearly 20,000 in 1910. 

In 1909 England imported 200 tons of opium (£269,695) and in 1910 300 tons (£434,064), 
while in 1911 the exports were of the value of £78,982. The United States imported 
190 tons (£273,800) in 1910 and 300 tons (£552,000) in 1911. 

COCAINE, Ci7H2i 04N, with other alkaloids, constitutes the active part of the leaves 
of Erythroxylon coca. It is laevo-rotatory, melts at 98°, has an analgesic action and serves 
also to produce local anesthesia (Kollor, 1884). 

Strong acids in the hot decompose it into methyl alcohol, benzoic acid and ecgoninc^ 
C9Hi503N(Lossen, 1865), which is the a-carboxyl derivative of tropme(5ee above), and, as 
with methyl alcohol and benzoic acid it gives cocaine again, the latter must contain the 

rocH 

groups C9Hi302Ni QQQ 'jj ; confirmation of this is given by the synthesis (rather a 

complicated one) of cocaine. The constitution of cocaine is as follows (Willstatter, 1898) : 
OH2--CH CH-COaGHji 

N'CHs 0H’C02C(}H5 ; the characteristic group {anmAesiopliore) is the benzoyl 
GH2 

residue, while elimination of the methyl group united to the nitrogen atom or of the 
CO2CH3 group scarcely aifocts the anaesthetic properties. On the other hand, almost all 
the aminohydroxybonzoic esters are mild local anmsthetics (Einhorn and Heinz, 1897), c*g, 
anmstJmin or ethyl p-aminobenzoato, NH2’G9H4‘C02C2H5. The anaesthetic characters 
of these substances are intensified if, in place of NHg, N(CH3)2 groups are present, xirefcrably 
joined to other methyl groups. This is the case, for instance, in : 

CeHs-COav /OH3 .GH2-N(CH3)2 

\G/ and 

C^h/ 0^-^ ^CHa-NCCHa)^ 

Stovaine Aljpine 

prepared by Messrs. Bayer in 1905. Both of these are less poisonous than cocaine, but have 
not its property of contracting the blood-vessels. They are therefore mixed with adrenaline, 
which shows this property in a marked degree and also diminishes tho toxicity of certain 
alkaloids, especially of cocaine. 

NARCOTINE, C22H23O7N, exists to tho extent of 6 per cent, in opium, melts at 126°, 
and is a slightly poisonous, weak, tertiary base containing throe methoxyl groups. When 
hydrolysed, narcotine gives Meconic Anhydride, OioKio^4> Cotarnine, Ci2lIi303N, 
which is a derivative of isoquinolino {see later), and with bromine gives dibromopyridino. 

STRYCHNINE, C21H22O2N2, is present, with Brucine, C23H26O4N2, and Curarine, in 
the seeds of Btrychnos nux vomica. They are very powerful poisons, which, even in small 
doses, cause death, accompanied by tetanic muscular contorsions ; curarine is used as an 
antidote to tho other two alkaloids. Strychnine melts at 265°, and is a mono-acid tertiary 
base slightly soluble in water ; it gives indolo and quinoline when fused with potash 
and /3-piooline on distillation with lime. 

QUININE, C20H24O2N2. The bark of various species of cinchona has yielded, up to 
the present, twenty-four alkaloids, tho most important being quinine and Cinchonine, 
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C19H22O2N2, both of these possessing in different degrees febrifugic properties. The other 
alkaloids include Hydroquinine, CgoHoeOaNg ; Cinchonidine, C19H22ON2 ; Hydro- 

cinchonidine, C19H24ON2 ; Quinidine, &c. 

Quinine is leevo- rotatory, slightly soluble in water and odourless and has an intensely 
bitter taste ; it melts at 177^ or, when crystallised with SHgO, at 57°. It is a di-acid base, 
containing two tertiary nitrogen atoms capable of salt-formation with two^ equivalents of 
acid then often giving aqueous solutions showing blue fluorescence characteristic of quinine. 
It contains a hydroxyl and a methoxyl group, and its constitutional formula although not 
completely established, must consist of two cycHo systems, ]SrCioIIi5(OH)~-NC9H5-OtH3, 
the first being somewhat analogous to tropine (see above) and the second representing 
5 -methoxy quinoline, which can be obtained by fusing quinine with potash. After pro- 
tracted investigation, W. Konigs (1906-1907) arrived at the following probable structures 
for cinchonine and quinine : 

N 


CHo- 

I 

CH C 


/\/\ 


HO 

0 

li 

CH 

HO 

II 

0 

CH 


/l\ 

(OH)C CH, CH2 

CII2 

HoO 1 CH-CH : CHo 


CH 


CH N 


Cinchonine 


CHo- 


CH C 


CHoO-C C CH 

I 11 1 

HC C CH 

\/\/ 

CH N 


N 


-(OH)C CH, CHa 

CH, 


HaO 


CH-CH : CHa 


CH 


Quinine 


Babe (1906-1907), however, proposed for cinchonine tho formula: 

CH, — CH— CH-CH : CHs 

I 

CHa 

/ N CHa CH2 

\ / I [ 

N<^ C(OH)— N— CHa 


which is in harmony with the Beckmann oxime reaction. 

Oxidation of quinine gives, among other products, Quinic Acid, 0{)H5N(0CH;j)‘CO2H. 

To combat fever, especially malarial fever, use is made of the normal sulphate of quinine^ 
(C3oH 2402N2)2,H2S04,8H20 (from alcohol it crystallises with 2H2O), or of quinine hydro- 
chloride, C2oH2402N2,HCl,2H20, which is far more readily soluble in water. 

Quinine bisulphate or acid sulphate contains 1 mol. of quinine per 1 mol. of sulphuric 
acid. 

Quinine is extracted from the finely ground bark by mixing it with lime and extracting 
with hot mineral oils (paraffin oil, &c.) of high boiling-point. From this solution tho 
alkaloid is obtained by shaking with dilute sulphuric acid, neutralisation of the acid solution 
with sodium carbonate in the hot resulting in the crj^-stallisation of most qf the quinine 
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as sulphate from the cold solution, the other alkaloids remaining dissolved. From the 
sulphate the quinine is liberated by means of ammonia. 

The purification of quinine is not easy and is sometimes effected by precipitating it 
from solution as tartrate by addition of Rochelle salt. 

Statistics. Quinine bisulphate costs about 28^. per kilo ; the sulphate 325, ; and the 
hydrochloride 405. Of the world’s output of cinchona bark, 90 per cent, comes from 
Java, which in 1900 exported 00,000 quintals, and in each year from 1905-1909 more than. 

80,000 quintals of the bark, giving 6 to 6*5 per cent, of quinine sulphate. 

In 1898 Germany imported 3537 tons of cinchona bark, worth about £128,000 ; ii? 
1905 the imports amounted to 2594 tons, of the value of £168,000, and in the same yeas 
Germany exported 1404 quintals of quinine and its salts, of the value of £224,000, and 
461 quintals of other alkaloids, of the value of £424,000 ; in 1907 the exports wore 1700 
quintals and in 1908 about 1500 quintals at 225. per kilo. 

England imported 1080 tons (£35,759) of cinchona bark in 1909, 1123 tons (£39,520) 
in 1910, and 1020 tons (£37,169) in 1911, while the imports and exports of quinint salts 
were as follow: 


1909 


Imports 

Exports 

. . 

. £82,556 

£56,065 

1910 

• 

. 90,771 

66,866 

1911 


. 98,056 

75,080 


The United States Imported 1500 tons (£52,200) of cinchona and similar barks in 1910 
and 1550 tons (£55,000) in 1911 ; also quinine salts and alkaloids to the value of £76,400 
ita 1910 and £95,400 in 1911. 

In 1904 Italy imported 1627 quintals (in 1908, 1384) of cinchona hark of the value of 
£13,650. In 1878, at the time of the Fabrica Lombarda of quinine in Milan, Italy consumed 

10.000 kilos of quinine (5000 furnished by the Fabrica Lombarda, which also sent 20,000 
kilos, at £28 to £32 per kilo, to Russia). After 1902, in consequence of the valuable studies 
of Ross, Grassi, and Colli on m,alaria (a disease which is transmitted by the Ano'phdes 
mosquito and against which a couple of small doses of quinine per week render one immune), 
a Government monopoly was instituted to distribute quinine cheaply or gratuitously in 
the malarial centres. The beneficial results obtained arc shown by the following figures : 
in 1902-1903 the consumption of quinine distributed in this way was 2242 kilos ; in 
1903-1904 7234 kilos ,• in 1904-1905 14,071 kilos ; in 1905-1906 18,712 kilos, and in 
1906-1907 21,723 kilos. The mortality from analaria, which was 21,000 in 1887 and 15,865 
in 1900, foil to 9908 in 1902, to 8513 in 1903, to 8501 in 1904, to 7838 in 1905, and to 
4690 in 1906. In addition to these advantages, the Italian Government made in 1906 
a profit of more than £1400 from its oommorco in quinine. There is now scarcely 
any quinine made in Italy, but the imports amount to 30,000 to 40,000 kilos, 20,000 to 

30.000 kilos being converted into pastilles and sold practically at cost price to combat 
malaria. 


5. QUINOLINE AND ITS DERIVATIVES 

Quinoline and pyridine are related in the same way as naphthalene and 
bonzone, 

CH CH 


QUINOLINE, C,H,N, i.e. 




CH 



, IS a 


sB^ 

N O V 

highly refractive, colourless liquid of peculiar odour and is found in bone 
tar and also in coal-tar, but is now prepared in the pure state by Skraup’s 
synthesis. 

It is slightly soluble in water, has the sp.gr. 1-1081 at 0°, boils at 236° 
and functions as a tertiary base (the nitrogen not being combined with nitrogen) , 
With acids it forms salts, e.g. the bichromate ( 09 H 7 N) 2 HaCr 20 ,. 
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Its constitution is deduced from the following syntheses : 

(1) By the interaction of Allylaniline and PbOj at a red heat : 


H 

H 



H NH 


+ Og 


2HoO + 



(2) Skraup obtained it by heating aniline with glycerol, sulphuric acid, 
and nitrobenzene ; in this way acrolein is formed, which then gives Acrolein- 
aniline, CeHs-N : CH-CH : CHg. The nitrobenzene acts purely as an oxi- 
dising agent and can be replaced by As 20 j. 

(3) o-Nitrocinnamaldehyde on reduction gives o-aminocinnamaldehyde, 
which loses 1 mol. HgO and yields quinoline, the fact that the latter is an ortho- 
derivative of benzene being thus proved : 


CH 




NH, 


/H 


^0 


- H,0 



When, quinoline is oxidised, the benzene nucleus is attacked first, with 


formation of a dibasic Quinolinic Acid, 

/\ 


\^/C00h’ 

N 


which gives pyridine, 


, when distilled with lime. Hence, as was suggested long ago by Korner, 


isr 


quinoline contains a benzene and also a pyridine nucleus. It is analogous 
to naphthalene, one a-CH group being replaced by a nitrogen atom. That the 
linkings in quinoh’ne are, at least in part, olefinic double bonds is shown by the 
behaviour of this compound to ozone. 

Quinoline forms many isomeric derivatives, seven nionosubstitutcd, 
twenty-one disubstituted, and still more trisubstituted compounds being 
possible. 

The positions of the replaceable hydrogen atoms are indicated by numbers 
or by the letters a, and y for the p 3 nridine nucleus and o, m, p, a (ortho-, 
meta-, para-, ara-) for the benzene nucleus. 

The constitution of quinoline derivatives can be determined by means of 
the general synthesis of Skraup, variously substituted anilines with the sub- 
stituents in the benzene nucleus being used ; or often by oxidation, which 
usually attacks the benzene nucleus and not the pyridine nucleus, so that it is 
easOy ascertained whether the substituent is in the one or the other nucleus. 


The sulpho-mids (or sulphonic acids) of quinoline, when fused with KOH, give hydroxy- 
quinolines, and these, on being heated with KCN, form cyanoquinoUnes, which arc converted 
by hydrolysis into the corresponding quinohnecarboxylic acids-r-thoBd containing the 
carboxyl in the benzene nucleus are called quinohnebenzocarhoxylic acids. Oxidation of 
cinchonine gives cinchonic acid, C9H6N’-C02H (m.pt. 254°), which is quinoline-y -carboxylic 
acid, and from this is derived quinic acid {see above), C 9 H 5 N( 0 CH 3 )-C 02 H (p : y), con- 
sisting of yellow prisms melting at 280°, When acridine is oxidised it yields quinoline- 
a * f^-dicarhoxylic acid or acridic acid. 



QUINOLINE DERIVATIVES 


eB'T 


Carbostyril is 2-Hydroxyquinoline, 


!0H 


and has the character of the phenols, 


dissolving in alkali and being reprecipitated by CO2J &o. 

When quinoline is reduced with nascent hydrogen, this unites with the nitrogenated 

H2 

/V\h, 


nucleus, forming Tetrahydroquinoline, CgHuN, or 


which behaves as a 




NH 


secondary aromatic amine (^NH). 

If the reduction is pushed further, the hydrogen is added also to the benzene nucleus, 
forming decahydroquinoline, C9H17N, which behaves like an aromatic amine. 

Quinaldine or a-Methylquinoline, CioHgN, is found in coal-tar and boils at 246° ; with 
phthahe anhydride it gives a fine colouring- matter. Quinoline Yellow, CioH7l!sr(CO)2C6H4. 

When quinoline is heated with metallic sodium it gives diquinolyl, CgHeN'CgHeN, 
analogous to dipyridyl and diphenyl. Polymerisation of quinohne yields diqninoline, 
(C()H7N)2, crystallising in yellow needles. 

METHOXYQUINOLINE, CgHoN-OCHg, corresponding with anisole, resembles 
quinoline; among its derivatives are the antipyretic, Thalline, CgHioN*OCH3, and 
Analgen (o-othoxy- a-benzoylaminoquinolinc). 


ISOQUINOLINE, C9H7N or 


\ 

/ 


/| 


IN 

/ 1 N 


, is a colourless liquid boiling at 237°, 


molting at 21° and forming a slightly soluble suliihato. 

It is obtained from tar and also synthetically by heating the ammonium salt of 
homophthaiic acid ; 


Colip 


ONs-COONH^ 

COONH4 


which with POCI3 gives C(jH4 




« 2H2O 
CHa-CCla 

CCL-iIh ' 


.CH2-CO 

-P NH3 + CeH4/ j , 

NCO • NH 

Homoplithalimide 

and elimination of 2HC1 from this yields 



, diohloroisoquinoline. 


When oxidised it gives phthalic acid and Cinchomeronic Acid, 05H3N(C02H)s{ (a 
pyridine derivative). 

Since it does not fix ozone, it must bo assumed, contrary to the former view, that it does 
not contain olefinic double linkings, but that centric bonds are probably present in both 
nuclei (Molinari, 1907). 

Other condensed nuclei, similar to quinoline, are as follow i 

0 


CHROMONE, 


0 “ OH 


CO -OH 


, of which the /3-methyl-derivative, 


CO 


CH 


m.pt. 71°, is well known. 

0 • C-OfiH, 

FLAVONE, the phenyl- derivative of diromoM, C6H4<^ || , melts at 97°, and 

\CO-CH 

occurs m hydroxy-derivatives in nlany glitoosides, to which it imparts the yellow coloration^ 
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Thus it occurs in quercetin (or flavin), which is a pentahydroxyflavene, while with isodulcitol 
it forms the glueoside Quercitrin, C21H23O12? obtained from tea, hops, and the bark of 
Quercus tinctoria {monn is an isomeride of quercetin, and is found in Madura tinctoria), 
Chrysin, QL5H10O4, is a dihydrox5;^avone found in poplar buds ; Luteolin, Ci6Hio06,2H20, 
is a tetrahydroxyflavone, and forms the colouring-matter of Reseda luteola, while apigenin 
is a glueoside of trihydroxyflavone, and is found in parsley and celery. 

Of numerous dyestuffs formed by the condensation of heterocyclic groups, mention 
will be made later in the chapter on colouring -matter's, but a group of substances with 
heterocychc nuclei and intimately connected with indigo will be considered here. 

NH 

ISATIN, CeH^Ci^^Q^CO, forms reddish yellow prisms soluble in alcohol and in hot 

water, and may be regarded as the lactam (see p. 355 ) of Isatinic Acid, NH2 * ■ CO * CO OH. 

It is obtained from o-nitrobenzoylformic acid (see later, Indole), by oxidising indigo with 

NIC 

nitric acid, &;c. It dissolves in KOH, giving first a violet colour (C6H4<^^^^C0), while 

NH 

in the hot it yields potassium isatinate, C6H4<^^^ Oxidation of isatm with chromic 

.NH-CO 

acid gives rise to Isatic Acid (anhydride of anthranilcarboxylic acid), CqH4(^ | . 

\co -o 

Prom Pseudoisatin, C6H4<^ ^C*OH (which would be a lactim) is derived the 




‘N' 


O'OCHs (red powder). Methylisatin, 


methyl ether or Methylpseudoisatin, C6H4^ 

C6H4<^^^^^^^C0, is also known. 

DIOXYINDOLE, is formed by reducing isatin with zinc and 

ECl and readily gives isatin again on oxidation. It is the internal anhydride of o-ammo- 
mandelic acid, and exhibits both basic and acid properties. It crystallises in colourless 
prisms, melting at 180 °. 

NH 

OXINDOLE, ^CO, acts both as an acid and as a base, and hence dissolves 

in alkali and in HCl. It is the lactam of o-aminophenylacetic acid, and can, indeed, be 
obtained by reducing o-nitrophenylacetic acid. It forms colourless needles, m.pt. 120 °, 
and forms dioxyindole on oxidation. 

NH- 

INDOXYL, C 6 H 4 <: JCH, is isomeric with the preceding compound, and is 

^ C(OH) ^ 

formed by fusing indigo with KOH or by the ehmination of CO2 from indoxylic acid or 
indophore. 

It occurs in the urine of herbivorous animals in the form of Potassium Indoxylsulphate, 
CgHeN • 0 • BO^K{indican of the urine). Derivatives of Pseudoindoxyl, CeH4<^^^CH2, 
are also known. 

NH-v 

SKATOLE, C6H4<r ^CH, is formed during the putrefaction of protein or by 

C(CH3) 

fusing the latter with KOH, and is hence found in the feeces ; it is found in the African 
Yiverra civetta. It forms white scales, m.pt. 95 °, with an intense fecal odour. 


INDOLE, CeK 






CH<' 


CH, is of importance owing to its intimate connection with 


indigo. By treating o-nitrobenzoyl chlqride with AgCN, the nitrile is obtained and this, 
on hydrolysis, gives o-nitrobenzoylformic acid : 


n fr ^COCl (1) 

( 2 ) 


XO-CN 




CO-COOH 

NO, = 
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INDIGO 

this acid, on reduction, gives the amine, which loses 1 mol. BTjO, forming Isatin : 

yCO-COOH CO\ 

= HaO + );C-OH. 


CbH4< 




Isatiii 


Indole is obtained by distilling oxmdolc with zinc dust and by various synthetical 
piocesscs (see later. Indigo) ; it is formed in the pancreatic putrefaction of protein or on 
fusion of this with KOH. In the impure state it has a fecal odour, but when pure and 
highly diluted it smells like flowers, and is hence used in perfumery. It forms shining 
scales which melt at 52°, are volatile in steam, and with ozone give indigo. 

With sodium bisulphite it forms a crystaUine compound, and with nitrous acid a red 
precipitate ; it imparts a red colour to a pine shaving moistened with HCl. It may be 
regarded as formed by the condensation of 1 moL of benzene and 1 mol. of pyrrole : 


. It forms numerous derivatives with 

\/\y 

substituents in the benzene or pyrrole nucleus, the 
two CH groups near the NH being termed a and (], 
/NHv 

IND AZOLE, ^N, is a weak base 


CH' 

prepared by decomposing the diazo-comjiound of 
p-nitro-o-toluidino with acetic acid in tho hot and 
then eliminating the NO 2 group. 

INDIGO, CxgHiQOgN, is a very stable, 
natural, blue colouring-matter, which was 
in use in tho Far East in the most remote 
times, and was bartered to the Egyptians — 
mummies of tho Eighteenth Dynasty (1580 
years b.c.) are found with wrajopings coloured 
with indigo— then to Greece, and later to 
Italy. Until the middle of the ninetccntii 
century the trade in indigo remained a 
monopoly of the Dutch. 

It is extracted from the branches and 
leaves (of a yellowish green colour) of Indi- 
gofera iinctoria (Fig. 421), which grows very readily in tropical countries 
and is extensively cultivated in India, Java, China, &c., being sown in the 
spring and cut two or three times a year before flowering.^ At one time it 
was extracted also in Euro})e (Hungary, Thuringia, &c.) from woad {Imtis 
tinctoria^ Fig. 422), where, however, it occurs only in the leaves and in smaller 
quantity* There arc several varieties of Indigofera (tinctoria, disperma, anil, 



Indigofcra tinctoria 


I'lO. 421, 


^ Indigo belongs to tlio leguminous plants, and is hence capable of enriching the soil with nitrogenous products 
owing to the action of bacteria which fix atmospheric nitrogen {see vol, i, p. 801), It has therefore been proposed 
to plant indigo in rotation with sugar-cane, especially in soils which have been exhausted by the latter. At every 
cutting 25 to 80 quintals of indigo plants are obtainable per hectare and 6 to 6 kilos of 60 per cent, indigo for every 
ton of plants. 

In India indigo is sown in I''ebruary or March in well-tilled laud at the rate of about 14 kilos of seed per hectare. 
After tlirce months tho flowering stage is reached, tho plants, which then contain tho maximum, of colouring- 
matter, being cut off close to tho ground, tied in bundles, and despatched immediately to the factory to be 
extracted, A second cutting in September gives a smaller quantity of indigo. 

The cultivation of indigo reached its greatest extent in 1896-1897 with a total area of 640,000 hectares, one-third 
North-West Provinces, one-fourth in Madras, and one-twelfth in the Punjab. In 
1880 India contained 2800 indigo factories and 6000 worlds employing primitive methods of extraction, the total 
number of persons employed, exclusive of agricultural labourers, being 860,000, After the appearance of artificial 
mdigo, the area under indigo steadily diminished, being only 180,000 hectares in 1906-1907. 

There is a tendency in India to extend tho cultivation only on the most suitable soils, and to abandon those less 
fitted, and in 1908-1909 tho area under indigo fell to 115,000 hectares ; in 1909-1910 there was a slight increase to 
117,450 hectares. 
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argentea, and others of less importance). They are herbaceous shrubs 50 to 
100 cm. in height, covered with silky hairs, with pinnate leaves and many 
small leaves. 

From the results of tests made at Calcutta it would seem that Indigofera 
leptostachya, cultivated in Java but indigenous to Natal, is better in every 
respect than Indigofera tinctorial while it lasts four to five years. Still better 
results seem to be given by Indigofera erecta. 

In order that the indigo may be extracted from the cut plants, it is necessary that the 
glucoside they contain [indican ) — consisting of a compound of glucose with indigotin 
(the leuco-base of indigo) — be decomposed by fermentation in large vessels with water. 
After 10 to 14 hours the glucose is fermented, while the indigo, owing to the presence of 
ammonia, forms a yellowish solution. The liq^uid is transferred to deep vats, ^ where it is 
subjected to ‘‘ beating ” for 2 to 3 hours with wooden paddles or wheels, or to blowing 
by means of a current of air. The oxidation thus effected causes the separation of the 

indigo in flocks, which are removed by decantation 
after 3 to 4 hours : 









OaE, 


NH / \ NH 

Indigotin 

/C(Ohk 

2CcH4< >CH 

\ NH / 

Indoxyl 

/CO. 

< >0 : C< 

Indigo blue 


/ 


CoH. 


.COs. 


C-«4 


The 5 per cent, indigo paste separated by decalita* 
tion is passed through sieves to remove fragments of 
the plants and is then boiled by means of steam for 
15 minutes in order to steriflse the mass — which 
would otherwise undergo change — and to eliminate 
Tig. 422. part of the brown matter and to effect better sepa* 

ration of the particles of indigo. These then deposit 
more easily and are collected on a large cloth filter, the first liquid passing through being 
returned to the filter until it comes through faint red ; the 8 to 12 per cent, paste thus 
obtained is pressed in primitive presses. The large cakes thus formed contain about 
80 per cent, of water and are cut into small cubes, which are arranged on grids, dried in 
the air for two or three months and placed on the market m boxes holding 50 to 140 kilos 
under the name of cakes. During the drying, these cakes evolve ammonia and become 
covered with mould, which is finally removed with brushes. The yield of indigo is about 
0-2 per cent, on the weight of the green plant or 2 per cent, on that of the dry plant. 

To combat the competition of artificial indigo, various improvements have been intro- 
duced during recent years into the methods of cultivation, manuring, and extraction ; 
attention may be directed to the rational fermentation with suitable enzymes (oxydases) 
proposed by Calmette and others (Fr. Pats. 300,826 and 302,169). 

The indigO’Content of the cakes varies considerably, some of those on the market 
Containing only 20 per cent, and others as much as 90 per cent. It hence becomes necessary 
to determine the value of any sample on the basis of the proportion of pure indigo ascer- 
tained by exact analysis.^ According' to Fr. Pat. 323,036 an increased yield and an 


1 Analysis of Commercial Indigro. Commercial indigo from Bengal contains, on an average, 60 per cent*, 
of indigotin ; that of Madias, 80 to 50 per cent, ; that of Java, 72 to 82 per cent. ; that of Guatemala, about 
40 per cent. ; that of Martinique, |[60 to 70 per cent. ; and that of Cambay, China, and Tonkin, 8 to 15 per cent. 

Indigotin can be estimated as follows : 1 grm. of well-dried indigo is mixed (in a bottle with a ground stopper) 
With 10 grms. of garnets or glass beads and 20 c.c. of sulphuric acid mixture (composed of 3 parts of concentrated 
sulphuric acid and 1 part of oleum containing 20 per cent, of free SO 3). The mass is thoroughly mixed and is 
afterwards shaken occasionally over a period of 12 hours or so, until solution is complete, the whole being then 
poured carefully into cold water and the bottle thoroughly rinsed out. The aqueous solution is boiled for 10 minutes 
wad filtered, the filter being washed with hot water until the washings become colourless and the filtrate then mafi« 
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improved product aro obtained by macerating the fresh plants in presence of tannin 
materials which leave only the indigo nndissolved. 

The cakes of indigo are blackish blue in colour and give a fracture showing a bronzy 
reflection. ISTatural indigo always contains, besides indigo tin, other substances and colour- 
ing-matters (such as indigo gum, indigo brown and red, &o.) which affect the tint, sometimes 
favourably. 

A good Bengal indigo gave, on analysis, 62 per cent, of indigo blue, 7 *3 per cent, of 
indigo red, 4*7 per cent, of indigo brown, 1*5 per cent, of indigo gum, 6 per cent, of water, 
and 19 per cent, of mineral matter. 

Pure or refined indigo is obtained in various ways, e.g. the crude indigo is treated with 
a mixture of concentrated acetic and sulphuric acids, the indigo alone passing into solution 
as sulphate, which is decomposed after filtration by excess of water, this precipitating pure 
indigo or indigotin. In order to avoid dilution with water and loss of acid, it has been 
proposed to separate the sulphuric acid directly by addition of calcined sodium sulphate, 
which transforms it into bisulphate ; the acetic acid is then distilled off and the bisulphate 
removed together with a little water. According to Ger. Pat. 134,139 pure indigo is extracted 
from the crude product by means of hot, crude pyridine. To purify artificial indigo, it is 
heated, according to Ger. Pat. 179,351, at 200° to 270°, at which temperature it does not 
sublime or decompose, while the indigo red and other impurities are destroyed, leaving an 
indigo highly valued for its fine bronzing. 

Of some interest is colloidal indigo^ which behaves like dissolved indigo, and has been 
recently prepared by Mohlau by heating, out of contact with the air, a suspension of indigo 
in an aqueous solution of alkali and sodium hydrosulphite, the liquid being treated, after 
cooling, with 'protalhinic acid (obtained by Mohlau by the alkaline hydrolysis of protein 
and subsequent dialysis ; this acid has the power of precipitating various metals in a colloidal 
state from their salts). Addition of hydrogen peroxide to the filtered liquid gives indigo 
blue in the colloidal condition, which is retained even after evaporation. 

Properties. Pure indigo forms a dark blue powder which, when rubbed, 
gives a metallic, coppery reflection. It sublimes at about 170°, giving red 
vapour and forming copper-red, shining prisms. It is insoluble in water, 
alcohol, ether, alkali, or acid, and dissolves only slightly, even in the hot, 
in amyl alcohol, chloroform, phenol, carbon disulphide, pure acetic acid, nitro- 
benzene, toiline or melted paraffin. It has neither odour nor taste and is 
indeed an almost completely indifferent substance ; this explains why, although 
materials have been dyed from time immemorial in the Par East, in Europe 
no process for dyeing textile fibres was discovered for so many centuries — ^until 
the sixteenth. 

The portion soluble in hot aniline colours this blue but colours fused parajffin 
purple-red ; from these solutions, rhombic crystals showing marked diohroism 
separate on cooling. 

From hot oil of turpentine indigo crystallises in blue plates. 

Concentrated sulphuric acid converts it in the hot into a monosulphonic 
derivative, soluble in water but insoluble in salt solutions. With fuming 
sulphuric acid it forms the disulphonio compound, which gives more soluble 
salts, the sodium salt being sold as a paste under the name of indigo-carmine, 
this dyeing wool like an acid aniline dye. 

When dry distilled, indigo gives aniline and other aromatic compounds. 

up to a htro. Fifty cul)io coutinietros of this solution aro mixed with 900 c.c. of distilled water, and the liquid 
titrated with 0*05 per cent, potassmin permanganate solution until the blue colour becomes golden yellow without 
green rejection. In order to accustom the eye to this end-point, which is not sharp, it Is advisable to make a com- 
parative tost with pure indigo of known strength j 1 c.c. of the permanganate solution corresponds with about 
0 00125 gm. of indigotin. In order to prepare pure 100 per cent, indigo for purposes of comparison, 10 grma, of 
pure, powdered artificial mdigo (98 per cent.) marked B.A.S.F- or M.L.B.) are treated in a beaker with 120 grms. 
of caustic soda solution (sp, gr, l'>21), 830 grms. of concontrated sodium hydiosulphite solution and 100 grms. of 
water (or, if 60 grms, of 20 per cent, indigo paste are taken, only 60 grms. of water are added), the mixture being 
boated on a water-bath at 40® to 60® with occasional shaking and the air being gradually expelled from the beaker 
by moans of a current of coal-gas. When solution is complete, the liquid is rapidly filtered and a current of air 
passed into the yellow or greenish filtrate. The precipitated indigo is collected on a hardened filter and washed 
first with hot water, then with hot dilute hydrooliloric acid (80 c.c. of the concentrated acid diluted to a litre), 
next with water again, and repeatedly with alcohol and with alcohol and ether. When dried at 101® to 110* 
until of constant weight, the product repreaentg piue 100 per centt ifidigo, 

11 
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Energetic oxidising agents (nitric or chromic acid or permanganate) decolorise 
it more or less rapidly, converting it into isatin. Chlorine, bromine, and 
iodine give halogenated derivatives of isatin. • j p 

white indigotin, which is the leuco-base of indigo blue, is obtained from 
the latter in a soluble form, by the action of alkaline reducing agents (sodium 
amalgam, ferrous sulphate, hypophosphorous or hydrosulphurous acid, 
glucose, gallic acid, &c.) or enzynies. When heated with acid, the greenish 
yellow alkaline solution deposits indigotin white, which is readily converted 

into the blue form by the oxygen of the air. ^ i i 

Indigo may be regarded as a substantive dye which colours both animal 
and vegetable fibres without a mordant. It is first reduced in the vats by means 
of enzymes in presence of sugar, urine, zinc, arsenic, or reducing salts (sulphites, 
hydrosulphites), thus becoming decolorised, soluble in alkali and capable of 
impregnating textile fibres, on which it becomes firmly fixed when rendered 
insoluble by the action of atmospheric oxygen. 

In 1890" the German Government permitted alizarin blue to be used for 
dyeing part of the cloth for military uniforms, these having been previously 
coloured exclusively with indigo. 


The first efforts to ascertain the chemical nature of indigo were those of Erdmann 
and of Laurent, who simultaneously (in 1841) obtained isatin by oxidising indigo with 
nitric acid. In 1848 Fritzsche obtained aniline by distilling indigo with caustic potash ; 
Baeyer and Knop, in 1865, reduced indigo to dioxyindole, oxindole, and indole, the last 
of these being prepared synthetically by Baeyer and Einmerling in 1869 from o-nitro- 
ciimamic acid. In 1870 Engler and Emmerling effected the first complete synthesis of 
indigo by heating omitroacetophenone with lime and zinc dust, and in 1874 Nencki pre- 
pared indigo by oxidising indole with ozone. 

In an interesting series of studios extending from 1870 to 1878 Baeyer and his pupils 
established the constitution of, and synthesised, oxindole, transforming it into isatin, 
and the latter, in various ways, into indigo. The new complete synthesis effected by 
Baeyer in 1880-1882 firmly established the structure of the indigo molecule. 

Of the new syntheses of indigo following that of Baeyer — which, in spite of costly 
attempts, could not be rendered capable of industrial application — the most important 
from a practical point of view is that of Heumann (1890), in which fusion of phenylglycine- 
o-carboxylic acid with alkali is succeeded by oxidation. 

The starting-point and the various intermediate products of Baeyer ’s 1880 synthesis 
of indigo are as follow : 


CHs-CO^H 
o-Xitrophenylacetic acid 

C.H.<®iS!>CO 

Ammo-oxindole 


C6H,<^>C0 ~ 
Oxindole 

-> CeH,<g^>CO 


Isatoximc 

-> CeH^<^®>CCl2 


Isatin 

Indigo 


Isatin chloride 


Baeyer ’s other synthesis, which was tried on an industrial scale by the Badische Anilin- 
und Soda-Fabrik of Ludwigshafen in 1882, and gave a yield of 60 per cent., started from 
benzaldehyde, the product of the interaction of benzyhdene chloride and sodium acetate 
being nitrated (and subsequently esterified) and a mixture of 70 per cent, of o-nitrocinnamio 
acid and 30 per cent, of p-nitrocinnamio acid thus obtained. After removal of the latter, 
the former is converted into the dibromide, which, with alcoholic potash, loses 2HBr and 
forms o-nitrophenylpropxolic acid, this giving indigo when heated with alkali and glucose : 


^ ^ .OH : OH*COsH 


o-lfjtrophenj^lpropiolip Jhdigfi 
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Owing to the high price of o-nitrophcnylpropiolic acid, this artificial indigo is used only 
for printing textiles. 

In 1882, by means of a new and theoretically elegant synthesis, Baeycr and Drewsen 
succeeded in raising the yield to 70 per cent. ; o-mtrobenzaldehydo and acetone were 
condensed in presence of caustic soda, indigo being formed as follows : 


+ 2CH3-CO-CH3 

o-Nitiobonzaldohydo Acetone 


omx ^CH(OH)*CK,’COiCH3 


2 H 2 O + 2CH3'C02H + CcH4<^^>C : 

Indigo 

In printing, the synthesis takes place directly on the textile, the acetone being rendered 
soluble by conversion into the bisulphite compound (Kalle's salt). The industrial prepara- 
tion of o-nitrobenzaldehyde presented, however, a serious disadvantage, the direct nitration 
of benzaldehyde yielding a considerable proportion of the unusable m-nitrobenzaldehyde ; 
while, starting from benzil, the p-nitro-compound is obtained. A happy solution of this 
difficulty was found in the preparation of o-nitrotolucnc directly from toluene (only 
40 per cent, of p-nitrotolueno is formed), oxidation with manganese dioxide and sulphuric 
acid then giving a good yield of o-nitrobcnzaldehyde. To the general application of tliu 
process were opposed a number of difficulties. In order that the artificial indigo might 
displace the natural product, the annual consumption of which was about 5,000,000 to 
6,000,000 of kilos (100 per cent.), it was necessary that there should be on the market a 
sufficient quantity of raw material (toluene) at a reasonable price. It was found that, 
even although the use of modern metallurgical coke furnaces {see vol. i, -p. 366, and this 
voL, p. 530) increased the quantity of crude benzene (in 1900 the total output in Europe 
amounted to 30,000 tons), yet, since the latter contains only one-sixth of its weight of toluene 
and since 4 kilos of toluene are required to furnish 1 kilo of artificial indigo, the use of all 
the toluene extractable from the benzene on the market would give only 1 ,000,000 kilos 
of indigo, i.e. one-fifth or one-sixth of the whole consumption. Increase of the production 
of crude benzene for the purpose of obtaining more toluene would lead to over-production 
of unusable benzene, and hence to increase in the price of toluene and hence in that of 
artificial indigo, which would bo unable to compete with the natural product. 

After much further investigation and many unsuccessful trials, the industrial prepara- 
tion of artificial indigo has, however, become an accomplished fact. Having acquired 
Baeyer's patents for a sum approaching £20,000 without deriving any practical bonefif 
from them, the Badischo Anilin- und Soda-Eabrik of Ludwigshafen did not hesit,ate to 
purchase later the patents of K. Houmanii, who was the first to discover, in 1890, that 
indigo is obtained on fusion of phenylglyoocoll with caustic potash, but that a better yield 
is obtained if the phenylglyoocoll is replaced by phenylglycino-o- carboxylic acid, 
C6H4(C02H)(NH-CH2’C02H). The economical xiroparation of this acid necessitated 
investigations and trials extending over more than seven years, and the synthesis became 
of industrial value only when it was found possible to employ naphthalene as the initial 
substance. Quite 50,000 tons of naphthalene are ■j:)roducHid annually in the distillation 
of tar, and up to that time only about 15,000 tons of this had been utilised, the rest being 
loft in the heavy tar-oils or used for making lamp-black (p. 528). The complete synthesis 
takes place in the following stages : 


/\/\ 

\/\/ 

Naphthalene 


/\/\, 


-COv 


>0 

-CO^ 

Phthalic anhydride 






-OiV 




HOI + 


Phthalimide 

''\-C02H 

^^‘•NH'CHg-COaH 

FbenyljjlysInS'O'pftrboxylie acid 


CO,H 


Anthranilic acid 
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C{OH)^ 


NH— ^ 
Indoxylic acid 


C-CO.H 



Indoxyl 


CO \ /CO- 

)c : c( 

Indigo 


/\ 

\/ 


The oxidation of naphthalene to phthalic anhydride by means of chromic acid is too 
expensive, but-the same end -was attained by the nse of fuming sulphuric acid rich in sulphur 
trioxide, after it had become possible to prepare this cheaply by the catalytic method 
(see voL i). The action of the acid was moderated with mercury bisulphate, while the 
sulphur dioxide was recovered by the catalytic process (in 1901 the Badische Company 
recovered in this way, for the manufacture of phthalic anhydride alone, about 40,000 tons 
of sulphur dioxide). 

Phthalimide is then easily obtained by the action of ammonia, while the monochloro' 
acetic acid can be prepared cheaply and in large quantity by using the liquid chlorine 
(1,000,000 Idles in 1900) resulting from the electrolytic manufacture of caustic soda or 
potash and glacial acetic acid (about 20,000 quintals obtained per annum from the clistilla^ 
tion of 100,000 cu. metres of wood). The reaction between anthranilio acid and monO' 
chloroacetic acid proceeds readily, but the formation of indoxylic acid was found to be much 
more difficult, the conditions required for the fusion of the phenylglycinecarboxylic acid 
being inconvenient ; this obstacle was, however, finally overcome. The ultimate oxidation 
of the indoxyl is effected by means of a current of air. The indigo separates in small 
crystals, and in order to obtain it in a finely divided state, it is converted into sulphate 
and this decomposed with water. After being washed, the paste thus formed is identical 
with natural indigo and is, indeed, of greater value owing to its higher purity and to its 
constancy of composition. 

Process of the Farbwerhe vormals Meister, Lucius und Pruning (of Eochsi), This 
consists in the action of sodamide (obtained by treating gaseous ammonia with sodium) 
on phenylglyooooU, subsequently heating in an autoclave at 250° : 

VO 

+ CsH 5 ‘NH-CH 2 ‘C 02 Na - hlHs + NagO + (indoxyl), 


2 mols. of the indoxyl then condensing in presence of oxygen : 


XO 


.CO. 


2C6H4<^2>CH2 +02 = 2 H 2 O + CeH4<^^>C 




This process was originally patented by the Deutsche Gold- und Silber-Scheidc Anstalt 
(Frankfort), from whom it was purchased. A yield as high as 65 per cent, has been 
obtained, but sodium at 28d. per kilo is too expensive to make the process practicable. 

Sandmeyer's synthesis (patented by Messrs. Geigy of Basle ; Eng. Pat. 15,497 of 1899). 
Aniline is treated with carbon disulphide in presence of alcoholic potash, cliphenylthio- 
urea being obtained: CS 2 + KOH + 2C6H5'NH3 - KHS + CS(NH CeHsla + H 2 O. 
The action of lead cyanide on diphenylthiourea gives Hydrocyanocarbodiphenyl- 
CeHg- K. 

imide, yC.ClSr, which with ammomum sulphide yields the Thioamide, 

CeHg-NH/ 

NH2 

yC-C/ , and this with sulphuric acid forms a-Isatinanilide, 

C-NH-CeHg, 


reduction of the latter by means of ammomum sulphide then giving indigo. All the materials 
used in this synthesis are cheap, but the indigo produced was not able to compete for long 
with that of the Badische Company and of Messrs, Meister, Lucius und Briining, who 
continually lowered the price in order to suppress natural indigo and made use of the two 
improved Heumann processes starting from phenylglycocoU and phenylglyoineoarboxylio 
acid. 
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The struggle, lasting for more than twenty years, between the producers of natural 
indigo and the scientific men connected with the various industrial undertakings has now 
ended in uncontested victory for the latter. The figures ah’eady given showing the areas 
under indigo at different times {see p. 639) justify the conviction that in a few years time 
Indigofera tmctona will bo of interest only historically, just as is the case with madder, 
now supplanted by artificial alizarin. 

With its lower price, its more ready applicability in dyeing, and the considerable use 
now made of its halogenated derivatives, the consumption of indigo will certainly increase. 
In 1908, owing to the slight difficulty of reducing indigo, even when finely jiowdered, 
several firms placed on the market the lcuco-]product itself (indigo white), this being 
obtained by reduction with iron and alkali, or, better, with hydrosul^hito{Grandmougm), &c. 

The following figures will give a clearer idea of the commercial and industrial importance 
of indigo, both natural and artificial. 

Statistics. The production in India was 50,000 quintals in 1892 and 75,000 quintals 
(containing 56 to 70 per cent, of mdigotin), of the value of £3,200,000, in 1896, while in 1909 
it was only 12,000 and in 1910 9000 quintals (£240,000). Of Indian indigo 60 per cent, 
is sold at Calcutta, which supplies Europe and America, 30 per cent, at Madras to Egypt 
and the East, and 10 per cent, at Bombay and Karachi. In 1882 the Indian Government 
abolished the export duty on indigo. Until 1865 almost all the indigo was sent to London, 
which was the centre of the Euro^Doan trade. In 1905-1906 exportation from India had 
fallen to 15,000 quintals (£400,000), the cultivation of indigo being replaced by that of 
robber (28,000 quintals), turmeric (25,000 quintals), hemp, cotton, tanning x>lants, &c 
During recent years the cultivation of natural indigo has increased in the districts more 
suitable to it and diminished in those loss fitted. 

The amount of indigo produced in British India in 1911 was 6 per cent, in advance 
of that of the preceding year, although the area under cultivation was 2 per cent. loss. 

England imported : 



” 1909 

500 tons of the value of 

£139,335 

Natural indigo - 

1910 

167 



43,054 

1 

1911 

245 

3? 

• 

67,430 

1 

[ 1909 

1670 

?? 

t! • 

117,100 

Artificial indigo J 

1910 

1450 

?> 

9> • 

101,249 

1 

[ 1911 

1215 

ff 

9f 

85,143 


The United States imported 3100 tons of natural and artificial indigo of the value 
of £229,800 in 1910 and 3400 tons of the value of £224,600 in 1911. 

In 1854 the Philippines exported 194,727 kilos of indigo paste (£17,445) and liquid 
indigo (tintarron) (£5470), while in 1806 the amounts were 251,574 Idlos of indigo paste 
(£96,950) and 959,206 kilos of liquid indigo (£28,180). The industry was still flourishing 
in 1875“-1881, when the producers began to adulterate with sand and other substances ; 
prices wore thus ruined and fell from £1 2 per quintal to £4, the cultivation being to some 
extent abandoned. With careful cultivation, as much as 4 quintals of good indigo can be 
obtained per hectare. By 1905 the exportation had diminished to a total of 250,000 kilos 
of pasty and liquid indigo. The output in Java amounted to 547,000 kilos in 1904 and to 

500.000 in 1905, but in 1908 the exports wore only 105,000 and in 1909 100,000 kilos. 

In 1895 the consumption of indigo in different countries was as follows : England, 

13.000 quintals ; United States, 11,500 ; Germany, 10,000 ; Erance, 7100 ; Belgium, 
1500 ; Austro-Hungary, 5500. In 1911 the world’s consumption of indigo (calculated 
for 100 per cent.) was estimated to be about 60,000 quintals, but is possibly higher than 
this, the amounts used in China and some other countries not being known exactly. In 
1900 the Badische Amlin- und Soda-Eabrik produced 10,000 quintals of artificial indigo, 
which corresponds with the outjiut from 104,000 hectares. 

Italy imported the following quantities of natural and artificial indigo : 



1903 

1906 

1907 

1908 

1909 

1910 . 

Natural, quintals 

5564 

1419 

972 

944 

910 

474 (£13,270) 

Artificial, quintals 

— 

2956 

3028 

3474 

4243 

5164 (£72,300) 


The quantities of artificial indigo (20 per cent.) exported from Germany in 1900 (and 
in 1905), in quintals, were as follows : to England 1668 (15,612) ; to Erance, 1000 (1350) ; 
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to Austria-Hungary, 3773 (11,407); to Russia, 950 (3160); to Italy, 1078 (3200, worth 
£76,800; besides 2160 quintals of natural indigo of the value of £52,000); to Belgium, 
385 (2346) ; to Switzerland, 595 (819) ; to the United States, 4926 (25,357) ; China, 
1189 (26,000) ; and Japan, 174 (7000). In 1907 the iofal froduction of artificial indigo was 
about 43,200 quintals (of 100 per cent.), i,e, four-fifths of the world’s consumption. 
In the same year Germany exported artificial indigo to the value of £2,000,000 (in 1910 
£2,160,000) and imjiorted natural indigo worth £60,000 ; in 1908 the exports were 154,560 
quintals, and in 1910 about ICl quintals. 

The xirice of natural indigo reached its maximuni of 22 a\ per kilo in 1870, at which 
time aniline dyes came into competition with it. 

The price of artificial indigo (calculated to 100 per cent.) in 1897 was 1 5s. to 16^. per 
kilo, a corresponding amount of the natural product costing 165. to 18 s. In 1900 natural 
indigo cost 125., while in 1905 artificial indigo was sold at one-half the price of the natural 
dye, i.e. at about l5. 7d. per kilo of 20 per cent, strength. 

The first artificial indigo plant of the Badische Amlin- und Soda-Fabrik in 1897 cost 
£480,000, and in 1900 two competitors, namely, Messrs. Meister, Lucius und Bruning 
and Messrs. Geigy, made their appearance, the considerable fall in price thus j)roduced 
resulting in Messrs. Geigy’s abandonment of the manufacture and of the fusion of the 
indigo interests of the two remaining firms with a capital of £1,200,000. In 1910 the 
manufacture of artificial indigo was started by the Rahtjen Company of Hamburg — 
which is a company with a capital of £280,000 and makes use of Rahtjen’s improved 
Saiidmeyer process — and by the firm of Heyden (Radebcuf), which employs the phenyl- 
glyeine method. The Society of Chemical Industry in Basle also began making artificial 
indigo in 1911-1912. 


R. COLOURING-MATTERS 

Only a certain proportion of the innumerable coloured substances are capable 
of being fixed on vegetable or animal fibres, imparting to them a more or less 
stable coloration, and only those able to fulfil this function, directly or indirectly, 
belong to the true Colouring-Matters. 

Coloured substances are those which absorb constituents of white light of 
certain definite wave-lengths, emitting the rest. 

Generally speaking, only the luminous waves visible to the eye have yet 
been closely studied, and it is probable that new laws, possibly more important 
than those already known, will be discovered when the infra-red and ultra- 
violet rays absorbed or reflected by coloured substances are considered. 

Hartley has indeed shown that the apparently colourless substance, benzene, 
is, strictly speaking, coloured, as it absorbs certain ultra-violet rays invisible 
to the eye, and that in the benzene series the luminous vibrations are gradually 
rendered slower and so made visible as the molecular weight is increased by 
substituent groups. 

Dichroic Substances allow certain rays to traverse them and reflect certain 
others, so that they appear to be of one colour by transmitted, and of another 
by reflected, light ; such are, for example, fluorescent substances. Certain 
a^aiine fluorides, such as those of the alkali metals, allow infra-red and ultra- 
violet radiations to pass through them, while various nitrates, nitric acid, 
the hydrocarbons, the aldehydes, &c., although they do not retain any of the 
constituents of white light and hence appear colourless, yet do absorb waves 
of many wave-lengths. 

Light itself is to the human organism only a sensation due to absorption of 
a portion of the radiations by the crystalline lens of the eye. 

Between coloured and non-coloured substances there is often complete or 
nearly complete identity in chemical composition, so that the colour depends, 
not on the composition, hut only on the constitution or atomic structure of the 
molecule. 

It is now universally admitted that the colour of substances is closely 
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dependent on the presence in the molecule of certain well-defined atomic 
groupings or nuclei. 

The various organic substances of the benzene series which form coloured 
or colouring matters always contain these groups {chromophores, see below) ^ 
some of which are univalent and quite simple, e.g, — X — ^N=N — , 
X — CO — . But of more importance are the divalent groups formed of a benzene 


nucleus of the constitution 


>C< 


CH : CH 
CH : CH 


>-CX 2 , where Xg may be 0, NH, 


NR, CRg, while the other two valencies in the para-position may be satisfied 
by O, NH, N, Eg, Cl. 

As early as 1867 Graebe and Liebermann arrived at the conclusion that 
the colouring-matters capable of fixing hydrogen with decoloration and forma- 
tion of the so-called leuco-bases {see p. 607), are transformed into coloured 
substances on oxidation.^ 

In 1876 N. 0. Witt defined the nature of these simple groups, which are 
always contained in the more complex benzene groups characteristic of the 
colouring-matters, terming the former chromophores and the latter chromogens 


^ Some of these leuco-products icgencratc the original colouring-matter simply by oxidation, while otheis do 
not. For instance, reduction of lutro-groups gives, as final products, amino-derivatives, which yield nitro-groups 
again on oxidation. The complete reduction of azo-compounds yields amino-groups, but theie may also be 
intei mediate, less highly reduced products (hydrazo-compouuds), which are themselves new Imco-derivatives. 

^ Exampl(‘s of chmmogens aic * 
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In these chromogens is seen the analogy between the chromophores m the different molecules, characterised by 
divalent or polyvalent atoms or atomic groups S, — ^0 — , ]]>C0) united to the ring in a 

closed chain, the whole forming the true chromophore, which, joined to the rest of the molecule, gives the chroraogen. 

The passage from simple to more complex chromophores is often accompanied by change from a yellow colour 
to a more intense yellow or to red or blue. 
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The latter are colourless or slightly coloured but approximate to the colouring- 
matters in chemical composition. It is^ indeed, sufficient to introduce into 
the chromogen, in place of hydrogen, a salt-forming basic or acid radical (OH, 
SO3H, COgH, NHg), to produce the colouring- matter. Thus, nitrobenzene, 
CeHg-JSrOa, is a chromogen which becomes a true colouring-matter in nitro- 
phenol, C3H4(0H)-ISr02, and in nitraniline (phenol itself, CgHs-OH, is colourless) . 
The intensity of the coloration increases with the number of these acid <^i‘ basic 
groups ; thus, 

Aminoazobenzene, Ci2H9N2‘]SrH2, is pale yellow, 
Diaminoazobenzene, Ci2H3N2(NH2)2, is orange, and 
Triaminoazobenzene, Ci2H7N2(NH2)3, is brown. 

Such regularities often occur with artificial colouring-matters, so that the 
colour of a new compound of a certain constitution can be foretold before 
the compound is prepared.^ 

In the light of the above definition it would be difficult to understand 
how colouring-matters could be formed of hydrocarbons alone, since these 
contain none of the characteristic chromophores just mentioned. The few 
hydrocarbon colouring-matters were for some time regarded as exceptions, 
but it was found later that they contain a characteristic complex chromophore, 
difierent from those previously known and with molecular weight higher 
than a certain limit. The following two chromophores, for example, ai’e well 
defined : 



Further, what are usually the more energetic chromophores coase to be 
so when they occur in molecules which are small or poor in carbon. To this 
is due the very small number of colouring-matters in the aliphatic series. 

Thirteen chromophores of well-defined constitution are now known, while 
concerning others there is still doubt owing to the pseudoisomerism 
(tautomerism) they exhibit.^ 


1 With fuchsines (rosanilines and p-rosanilmes) the colour becomes more intense and more violet with increase 
in the alkyl groups replacing the amimc hydrogen. The faintly acid, phenolic colounng-matters which are fixed 
by mordants give highly resistant colours if they contain at least two OH groups, or OH and CO OH, in the ortho- 
position, and better still if these are also in ortho-positions with respect to the chromophores. In the colouring- 
matters of the nitrophenol group, the colour passes from greenish yellow to orange-yellow as the distance between 
the OH and XO 3 groups increases. Tast colours on mordants are given especially by those colouring-matters 
containing hydroxyl-groups in the ortho-position with respect to one another and to the chromophore (alizarin tfec.). 

Of the triphenylmethane colouring-matters, those which have a sulphouic gioup (SOaH) lu the ortho- 
position with respect to the central carbon atom are stable to alkali and to soap (Suais and Saiidmeyer) 

« According to Hantzsch (1906) all the true mtro-hydrocarbons of the aromatic or aliphatic senes aiid also all 
polynitro-compounds axe colourless when quite pure, so that the HO 2 group by itself is never a chromophore Only 
certain mtrophenols axe coloured when their phenolic hydrogen is free and hence mobile (forming tautomeric com- 
pounds) and for the same reason all salts of mtrophenols are coloured. By the discovery of the qumoiuc (aci-) 
ethers of mtrophenols besides the true ethers, it was shown that many colourless or almost colourless hydrogenated 
compoun<te capable of forming highly hydrogenated salts, are pseudo-acids, so that the coloured salts are derived 
from a hydrogenated compound differing from the original ; if it were possible to obtain these free, they also 
be coloured r ^ 


would 


Nitrophenols are certainly true tautomeric hydrogenated compounds which give two senes ot structurally 

liyarocyanio, and cyanic acids. 'J’he true intro- 
phenohe ethers are colourless, while the aoi-ethers (tautomeric) are coloured an intense red ; the foimor conespoiid 

y 0 I 1 oil 

with the general formula, 0 ,H, + (derived from the colourless true nitrophenol, ), and 

0 * , 

the latter with C.H.C [derivatives of aoi-nitrophenol (guinonie), ]. it ib 

. v_v . 1 -f I ^wo*orr 

^nce possible to tell, from the mere colour, to which of the two groups a given nitro -compound bclonga 
When true mtrophenols (even m the solid state) are slightly coloured, it is assumed that a miniS^^^Sit v 
aei-mtrophenol is dissolved in a large quantity of true nitrophenol (solid soMwn). Also “he Set that Hie colot 
of the BubsUnce zs sometimes not intensified by increase m the number of mtrotmups ?s tp WWe 
old view of th* theory of chromophores, but only by the new theory 

yOR ^ 0 

\NOs ^ 
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In practical dyeing it is of interest to know, not only that a substance has 
colouring properties but to what chemical conditions or groups these properties 
are due. Especially is this the case with animal and vegetable textile fibres 
{see Theory of Dyeing, p. 708). 

Chromophores are generally of basic (electropositive) or acid character 
(electro-negative, e.g. the guinonoid group, &c.) and when they form coloured 
substances do not retain their colouring properties ; the latter are, however, 
manifested if the basic or acid character is reinforced or even inverted by 
means of salt-forming groups. 

The acid groups (SO 3 H, OOaH, &c.) have, however, a slight influence on 
the colour. Thus, azobenzene, : N'OeHg, although a coloured 

chromogen (containing the chromophore : N*) does not colour textile 
fibres since it is neutral, while its sulphonic derivative is a feeble colouring- 
matter. 

The basic groups (especially NHg and, in some cases, OH, &c.), on the 
other hand, exert considerable influence on the colour, and Witt calls them 
auxochrome groups to distinguish them from the acid groups, which he terms 
salt-forming groups?- 


The toiidency to tauiomenc transposition may, indeed, be increased or diminisbed by the entry of new groups. 
I'iius, 111 solutions of nitroplicnols and their salts, the coloration is not— as it would be according to the modern 
theory of indicators (see vol. i, p. 97) — due to ionisation, but rather to the formation of coloured tautomeric 
ooinpounds (aci-nitrophenolic ethers) in agieement with the old chemical theory of indicators. 

It IS thus pioved that the lormation of coloured salts and coloured ions derived from colourless hydrogenated 
conipounda is of a purely chemical nature. It is caused fli-st of all by intramolecular transposition, from which, 
by the action of a positive metal (salt), there results a negative qumonic atomic grouping (chromophore), the 
appearance of coloured ions being a secondary reaction. Hence the actions of chromophore and of auxoclirome 
cannot be held to be distinct but arc exerted together, both of them (nitro- and phenol-group) causing the appearance 
of colour at the expense oi their mutual transformation, which generates a ^uinonic grouping containing neither 
nitro- nor phenolic group. 

These views may be extended to other groups of organic substances since, in general, colourless acids unchange- 
able m constitution (i not giving tautomeric forms) give only colourless ions and yield colourless salts with colour- 
less metallic oxides, and colourless ctlicis and esters with colouilesa organic radicals (alkyl and acyl). If “oloured 
ions and salts arc derived from a colourless alkyl compound, it may bo stated with certainty that intramolecular 
change occurs. 

According to B. Bischor and 0. Bischer (1900) many colouring-mattcrs derive their piopertics from the presence 
m the molecule of (iuinonoid groufis, although A. v. Jbaoyer (1992-1905) and Hantiasch (1905) showed that the true 
qumone group does not always cause coloration (^.e. is not the chromophore), and Xostauecki and Haller pointed 
out that, in addition to the two carbonyl groups of the quinono, two ethylene double linkings must be present, 
CO CO 


HC 

lie 




OH Hi 

; in fact, dikctohoxamethylcue, 

OH HM 


c/\ 

tG| I* 


CHa 


, which has not these double bonds, is completely 


OHa 


“\/" \/ 

CO CO 

colourless. As a motaquinono with two ethylene double Unkings cannot exist such meta-eompounds arc incapable 
of producing colouring-mattcrs. 

CH Oil .nrr 

1 RosauiUne, HN « OC >C « C; 

\=/ \c«H4*NHa 

CH CH 

CH^OH 


{see corresponding base, p. 008), which is coloured 


contains as chromoplioro the group HN «« 


0/ 

\ 



* and as auxocliromos two ammo-groups. When the 


CH« CH 

Balt with a single molecule of HCl is obtained and the substance is dyed rod, inoof is given that the salt is formed 
with the imino-group of the chromoxMiore, since a rod coloration is formed on the fibres. On the other hand, salts 
of rosamlino with two or three molecules of HCl, which form salts also with the auxochrome amino-groups, are 
yellow but do not dye textile fibres yellow. It can hence bo affirmed that the auxoohromes do not unite with the 
fibres and hence have no action as salt-forming groups but only contribute to increase the basic character of the 
coiourmg-mattor or oven to increase the intensity of the colour ; this is clearly shown with safranme {see later and 
also above, Aminoa-zobenzene). In general, the union of an acid chromophore with a basic auxochiome gives 
coiourmg-mattors of slight intensity ; for instance, the nitroanilines are feeble and the mtrophenols more intense 
colouring-matters. 

The replacement of the hydrogen of the auxochrome OH by a metal increases the power of the auxochrome, 
while an alkyl or aromatic radical lowers it and an acid radical often annuls it. Substitution of the hydrogen of 
the auxochrome HH* by alkyl radicals raises the colouring power, while two aromatic radicals sometimes lower it 
considerably, exceptions to this being shown by sulphonal and picryl, C|Ha(HO,)a, which cause the HH* group to 
assume an acid character. The hydrazinic and hydroxylaminio groups also behave as auxochromes ; thus phenyl- 
hydrazme is slightly yellow wliiie aniline is colourless, and nitrophenylhydrazine is more highly coloured than 
nitroaniUno. Anthraquinonc (faintly acid chromogen) gives an intensely coloured derivative with hydrazine 
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TKe acid or basic character of a colouring-matter decides also its behaviour 
towards different textile fibres — vegetable and animal — and in general acid 
colouring -matters contain the group SO 3 H or COOH, the feebly acid ones the 
group OH, and the basic ones the groups NH 2 , NHR, NRa. ®i^^her as chromophore 
or as auxochrome. 

If the auxochrome of a colouring-matter is weak and the chromophore 
strong, or vice versa, the colouring-matter is generally feeble. 

For dyeing puiposes the colouring-matters are placed on the market in a 
state soluble in water, the auxochrome groups being converted where possible 
into salts (e.g. SOgNa, &g.). When wool (which is both basic and acid in cha- 
racter) is dyed with acid colours, since the basic properties of the wool are usually 
not sufficiently strong to displace the metal (Na) of the acid colour, an energetic 
acid (acetic or sulphuric) is added to the hot aqueous dyeing bath, this liberating 
the acid residue of the colouring-matter, which can then combine with the basic 
group of the wool to form a coloured stable insoluble salt in the fibre itself. 

Thus wool is dyed directly both by acid and by basic colours (with the latter 
it is not necessary to render the bath acid). Cotton, on the other hand, is not 
usually dyed by acid dyes but only by basic ones, and then only when the 
fibres are previously mordanted with tannin materials and metallic salts. 

During the past twenty years, however, numerous neutral or substantive 
dyestuffs have been discovered, capable of dyeing cotton directly in a neutral 
or faintly alkaline, but not acid, bath, previous mordanting being unnecessary. 
Many of these colouring-matters have a common benzidine group {see p. 605), 
others contain a basic group (primulin) and others again a phenolic group 
(cureumin). Colouring-matters sometimes acquire this property by mere 
accumulation of chromophores in a single molecule (Eupe, 1901) . The nature of 
the metal present in these colouring-matters alters to some extent the properties 
and the affinity towards cotton, but this is always related to the capillary 
constant of the aqueous solution. The precipitation of the unaltered colouring- 
matter on the fibres is facihtated by increasing the osmotic pressure of the bath 
by the addition of considerable quantities of salts (NaCl or Na^SO^). 

As a rule phenolic compounds form weak colouring-matters, but they have 
the property of giving intensely coloured lakes with metals (phenoxides), the 
metallic atom united to the phenolic oxygen functioning as an energetic 
auxochrome. These colouring-matters having no affinity for textile fibres, 
the latter are previously charged with metallic oxides {mordants). Lakes of 
different colours are formed with different metals (Hummel hence called such 
colouring-matters polygenetic), but for practical purposes it is indispensable 
that they should be resistant to atmospheric agents and to ordinary physico- 
chemical treatment.^ The best among these substances are those containing 
in the ortho-position either two phenolic groups (OH) or one OH and one 
COOH, and of such those are best in which these groups are in the ortho- 
position with respect to the chromophore (Liebermann and Kostanecki, 

groups. The hydroxylamme derivatives aie few m number and have been but little studied. II. ICaufnianii 
(1911) has shown that two auxochromes reinforce one another when they arc in the para-positiou and to a lt‘h8 
extent or not at all when they are m the ortho- or meta-position. This rule is conflmiod, not only by the greater 
intensity of the colour, but also by the increased luminescence or fluorescence assumed by these subbiances when 
they are exposed to ultra-violet rays (see vol. i, p. 121) ; in solution, only compounds of the paia- soiios give direct 
fluorescence. By the law of distribution it is proved that the maximum and sometimes the only effect of auxo- 
chromes in the para-position is exerted when the chromophore and auxochrome are in the same benzene nucleus. 

1 In addition to what has been already stated with reference to the application of lakes, it may be said 
that they are derived from aeid or basic colouring-matters, coloured pigments or colouring-matters of the anthra- 
quinone group. The soluble acid colouring-matters are precipitated by salts^of calcium, barium, strontium, alu- 
minium (chlorides), magnesium (sulphate), <fec. Solutions of basic dyes are precipitated by tannin, Turkey red 
oil, xesm, or, more commonly, sodium phosphate or sodium arsenate. Anthraquinone dyes (alizarin, coerulein, 
&o,) form lakes with greater difficulty, and it is necessary to observe rigorously the proper temperature conditions. 
In preparing lakes, great importance attaches also to the substance on which the precipitated lake is deposited 
or with which it is mixed (aluminium hydroxide, barytes, zme or lead white, feme oxide, fresh aluminium silicate, 
&c.), and of these, the ones more easily decomposable by dilute acids retain the colour best. Lake-formation 
is hence not a simple absorption phenomenon but also a chemical phenomenon. 
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18S7--189S) and in which the auxochrome is formed from iron, almiiiniiim^ 
or chromium. Not all colouring-matters which give insoluble lakes can be 
fixed on fibres mordanted with metallic oxides, and this perhaps depends 
on the fact that only certain coloured lakes are capable of combining with the 
fibre, the constitution of the coIouring-mattcr (see Alizarin) being here also 
of considerable importance. 

When basic or neutral colouring-matters are sulphoiiatcd with concentrated 
act'd colouring-matters (Simpson and Nicholson, 1862) are often obtained. 
In the form of soluble salts of the alkali metals, these can be fixed directly, 
ill an acid bath, on animal fibres with the same colour as the colouring-matter, 
the animal fibre forming a kind of new salt ; indeed the fibre assumes the 
colour of the original salt of the colouring -matter and never that of its free 
coloured acid liberated in the bath by means of acetic or sulphuric acid (see 
above^ Process of Dyeing). These acid colours are fixed also by cotton, provided 
the latter^ is first rendered basic either by nitrating and then reducing, or 
by oxidising (oxyceiluiose), or by hydrating (with NaOH : mercerisation), 
or by treating with NH 3 under pressure in presence of ZnClg (Vignon). 

Basic colouring-matters which owe their basicity to the chromophore and more 
especially to the auxochrome NH 2 , form salts with acids and are used in practice 
in the form of hydrochlorides, sulphates, &c., from hot acidified aqueous 
solutions of which wool and silk fix the coloured base. These basic dyes also 
form insoluble salts with tannin, &c., so that they are caioable of dyeing cotton 
— -which has no affinity for basic dyes — if this is previously mordanted by 
prolonged immersion in cold solutions of tannin extracts (sumac, &c.), followed 
by fixation of the tannin in another bath containing an antimony, aluminium 
or iron salt, or gelatine. In the subsequent dyeing -bath, the dye is fixed 
rapidly, even in the cold (the fixation is more regular, i.e. slower, in presence 
of a little alum). The full (intense), bright colours thus obtained on cotton 
resist the different reagents well but are destroyed during washing by the 
rubbing. In 1901 C, Eavre suggested the use of resorcinol and formaldehyde 
as mordants in place of tannin.^ Many colouring-matters exert a poisonous 

^ Behaviour of Colouring"- Matters towards different Fibres and Mordants, according to Noeiting. If a 
skom of "Wool, &ilk, or cotton m mmicrBcd for 8omc hours in a aoiulion of a basic ferric salt, tho hbres assume a 
hi()Wii colour, having fixed a coriahi amount of fciric ovidc or basic salt. The same holds generally fox all salts of 
oxides corresponding "with tlic formula JR.a<)a* I’lie salts of protoxides (110), e,j/. those of copper, iron, manganese, 
nickel, cobalt, <&c., especially the taxtrulcfa or in presence of tartar, are fixed by wool or silk, but not at all or but 
slightly by vegetable fibres. 

Xot only metallic salts, but also certain organic substances (tauniu inaierials) and salts of hydroxyolcic and 
hydroxystcaric (siilidio-oleatCH) acids, ran be llxed by fibres. 

A large number of colouruig-mattors arc fixed direcUy on aiainal fibres ai a neutral or acid bath, more rarely 
in an alkaline batli. d’o this group belong the lutro-donvatives of the phenols and amines : the aaso, basic, and 
acid dyes ; basic, acid, or sulphonatcd derivatives of tnphenylmcthane ; certain idithalcins (iluoreaccin and eosiii) ; 
tho arainophoiiazlnes, safranines, thioindamines, phenoxazino dciivafcives (gallocyanmo and Meldola*s blue), 
phenyJaci idiiio complexes (phosphine), liumoUne complexes (cyaiuiie, quinoline red, qumophthalone), hydraisidcs, 
ofiazones (tartrazinc), kotouimidos (auraniiue) and, among the naturnl coloui’s, indigo-carmme, borborinc, safflower, 
salfron, archil, and catechu. Almost all of these dyes are fixed la minimal timntity or not at all on vegetable 
fibres. Those which are fixed by tho latter arc less numoroua and include : a first group of substances which aio 
fixed only with difficulty (bettor with tannin), o.g. cerUin aminoazo-coinpounds, phonylonc brown, chrysoidino, 
methylene blue, Victoria blue, safraiiliio ; a second group fixed stably and directly and consisting of numerous 
azo-denvatives of benzidme, tolidine, diaminostilbenc, p-pjicnylenediamino, naphthylenediarame, dianuno- 
azobenzene, diaxninoazoxybeuzeiiQ and Us horaologues, dlaminodipheiiylaminc, cananne (oxidation product of 
thiocyanates), and the sulphur dyes of Croissant and Brotonniero ; a third group which do not dyo wool, cotton, or 
siik directly but give briglit fast colours if these fibres (especially with wool) arc previously mordanted with salts 
of iron, aluminium, or chromium : such are certain phtlulcins (gallein), derivatives of anihraqumone (alizarin, 
purpurin, alizarin orange, anthragallol), aiithraquinolmo (alizarin blue), phenoxyanthranol (coferulem), and 
almost all the miunl mhwing-moitm (logwood, ooohinoal, quercitron, cudbear, sandalwood, &c.). ** Nocltmg 
gave the name si 00 taniiv$ dyis to those which dye animal and vegetable fibres directly and that of dyea 

to those which dye tho fibres only after mordanting. 

Certain dyestuffs are fixed directly by wool aad silk and only indirectly by cotton, ic. when the latter has boon 
mordanted. Such are gallocyaninc and various carboxylic acids of azo-compounds. In. dyeing with an^im Uach, 
the fibre fixes both the aniline salt and also the oxidising agent, the latter oxidising the aniline on the fibre with 
formation of an insoluble aniline black, Byes which arc not fixed directly by cotton, dye it only after mordanting 
With tannin or sulpholeio acids if they arc basic in character, or after mordanting with metallic oxides, with or with- 
out suJpholcates, if they are acid. 

Further, various substantive colouring-matters have the property of fixing others on them ; for instance, chrys- 
amine and cananne, which are yeHo"w, fix basic colouring-nmttexs, such as fuchsine forming an orange, malacbitu 



652 


ORGANIC CHEMISTRY 

action on micro-organisms, as they unite with the protoplasm, and even, in 
dilute solution, cause death (Th. Bokorny, 1906). 

In recent years attempts have been made, but without practical success, to 
utilise the colouring-matters produced by certain chromogenic bacteria, e.g. 
B, prodigiosus) . 


MANUFACTURE OF COLOURING-MATTERS 

Since 1856“1860, when Perkin in England made mauveine and Eenard 
and Prank in Prance made fuchsine on an industrial scale, scientific progress 
in colouring-matters has advanced pari passu with the industrial development. 

In the history of the artificial colouring-matters, side by side with the names 
of the scientific men, such as Perkin, Williams, A. W. Hofmann, Graebe, 
Liebermann, Baeyer, Witt, Nietzki, Noelting, Caro, &c., who laid the first 
stones in this marvellous chemical edifice, are those, not less worthy, of the 
brilhant and daring industrial workers who, by uninterrupted energy and the 
application of ingenious processes, carried these theoretical discoveries into 
the larger field of industry and commerce.^ 

green forming a yellowisli green, and methylene blue forming a blue colour. All the benzidine colouis have the 
same property, to'which Noelting gives the name secondary dyeing, a term applicable also to all dyeing with mordants. 
Direct dyeing would then be primary dyeing. 

In some cases a third colourmg-matter can he superposed ; for instance, the violet lake of alizarin and iron 
combines with methyl violet giving a brilliant triple lake. The red lake of alizarin, alumina, and lime, which la 
not very bright and rather opaq.ue, is rendered brilliant and more fast by the fixation of a sulpholeate, which 
forms a guadruple lake ; finally, this can still fix tin from a soapy solution of tin salt, a new lake with five components 
being formed. 

If a tissue removed from a solution of a basic iron salt, instead of being washed immediately (in which case it 
becomes yellowish), is treated directly with alkali or soap (or with a solution of a salt the acid residue of which 
forms an insoluble compound with oxide of iron), it becomes much more intensely coloured and the quantity of 
iron fixed by the fibres is considerably increased. Oxide of iron can be accumulated on the fibre, not only, as just 
mentioned, from an alkaline bath, but also by impregnating the fibre itself with ferrous salts of volatile acids, e,g. 
the acetate, and then exposing it in the moist state to the air. The ferrous salt is thus converted into basic ferric 
salt, this in warm, moist air losing part of its acid and undergoing change into an insoluble, highly basic salt, 
which is not removed from the fibre even by repeated washing. 

In order to help the action of the air and render a larger quantity of basic salt insoluble, the fibre may be passed 
into a bath of cow-dung or lime and potassium silicate, phosphate, or arsenate. Aluminium salts are similarly 
rendered insoluble by formation of a basic salt. The basic chromium salt is fixed by a subsequent bath of sodium 
carbonate or, better still, by impregnating the tissue with a solution of chromium sesquioxide in caustic soda 
and exposing it^to the air, the caustic alkali being thus converted into carbonate, which precipitates the sesquioxide 
of chrom i um ; instead of exposure to the air, the action of steam may be employed. Chromous oxide is precipi- 
tated by simple washing of the impregnated tissue with a tin salt, Sulphoricmatc is fixed by solutions of aluminium 
salts and tannin by solutions of tartar emetic or ferric or aluminium salts. 

The action of a chromate bath or catechu is twofold ; first, the catechu undergoes oxidation with considerable 
darkening, and then combination takes place between the oxidation product and the chromium sesquioxide 
resulting from the reduction of the chromate. 

^ At first France was at the head of the anilme dye industry, with numerous pioneers, such as Verguin, Eenard 
Brothers, I’rank, Poirxier, Guinon Mamas and Bonnet, Coupler, Girard and de Lane, Baubigny, Persoz, Bardy, 
Lauth, Kopp, Eosenstiel, Eoussm, &c., but of all these very few have been able to withstand the wonderful organi- 
sation of the large German manufacturers. Even England, the cradle of the industry, is now in a position greatly 
inferior to that of Germany. The six English factories now working employ altogether 35 chemists, while the six 
largest German firms employ 600, besides 350 engmeers and technical directors. Prom 1886 to 1900, the English 
firms took out 86 patents, while the six more important German ones took out 948. 

The principal English firms to-day producing dyes are : Brooke, Simpson, and Spiller, London ; The Clayton 
Amhne Company, Manchester ; Bead, Holliday, and Sons, Limited, Huddersfield and I, Levinstein and Company, 
Limited, Manchester. 

The German firms which enjoy almost a monopoly of the world's trade in anilme colours are : (1) Badischo 
Anilm- und Soda-Eabnk, Ludwigshafen ; (2) Parbenfabriken vormals Er. Bayer und Co., Blberfeld ; (3) Earb- 
werke vormals Meister, Lucius und Brumng, Hochst ; (4) Leopold Cassella and Co., Erankfort ; (5) Action- Gesell- 
^haft fur i^iIin-Eabrikation, Berlin ; (6) Kalle and Co., Biebnch ; of less importance are the firms of Oehler in 
Offenbach, Leonhardt of Mulheim, <fec. Eirms (1), (2), and (5) work together to regulate the output and trade, 
and the same is the case with (3), (4), and (6). 

In point of magmtude, the German firms are immediately foUowed by those of German Switzerland (Basle) : 
GeseUschaft fur chemische Industrie , Durand, Huguenm and Co. ; Geigy ; Kern and Sandoz, &c. 

• Badische Amlm- und Soda-Eahrik alone, with a capital of over £1,400,000, employed 

about 8000 workmen (m 1896 less than 5000 and m 1865, the first year of working, 80), and more t'hHr* 
160 chemists and 75 engineers ; for more than twenty years the dividends paid by this company have been about 
25 per cent. 

The Bayer Company of Elberfeld employs, in its various works, 170 chemists, 35 engineers, and about 6000 
workmen. Its principal works were originally at Elberfeld, but the most important of their manufactures — colour- 
ing-matters, pharmaceutical and photographic materials — ^were transferred several years ago to a new factory at 
Leverkusen, near Cologne, which occupies an area of 529 hectares and finds employment for 4000 workpeople. 
Some mentmn may he made here of the conditions under which the operatives work and the benefits they enjoy* 
Leaving out of account the fact that the average wage of the workmen is more than five day, the 
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The dye industry, although not born on German soil, has there reached 
its greatest development and borne its richest fruit, far in excess of the dreams 
of its founders. This result has been reached in Germany as a result of various 
fortunate circumstances. 

This industry does not confine itself to the application or development 
of discoveries made here and there by individual scientific workers, but has 
made itself a centre of research. The industry has its own laboratories, which 
have nothing to distinguish them from those of the more important universities 
and contain hundreds of chemists controlled by renowned directors. By this 
means it has been possible to accumulate many details of great practical 
importance, which escaped those prosecuting research in university laboratories . 
Such rational systematisation of specialised scientific research in a single branch 
of industry has cost enormous sums, but has, at the same time, borne fabulous 
fruits. The investigations and discoveries made in these establishments 
are of great advantage to science itself, opening up new fields of study and 
completing and generalising rudimentary rules so that they become positive 
laws. 

The prime materials for dyes are the various aromatic hydrocarbons 
obtained from tar, which may, however, be first transformed into substances 
more active chemically (phenols, amines, &c.). 

The fundamental reactions to which the distillation products (benzenes, 
phenols, naphthalene, pyridine, &o.) of tar are subjected consist, in general, of 

company, starting from tlio idea that tlio cmployor owes to the employee more than his wages, lias created a number 
of institutions wlucli now represent a total capital of £000,000 Among these is a library of 12,000 volumes used 
by 44 per cent, of the workpcoiilo, the books demanded in 1907 consisting of popular works on scientific subjects 
to the extent of 52 per cent, and of miscellaneous literature to the extent of 48 per cent. ; the library committee 
consists of chemists, engineers, and workmen. Five hundred baths have been built, 150,000 baths being taken 
annually. There are dormitories with beds at %\d. per night, refectories which supply the three meals of the day 
to men for a shilling and to boys and girls for There arc also free technical schools and schools of art and music. 
A lying-in hospital (also for wives of workmen not employed m the factory) cost £7200, the annual expenses being 
£1600. A hall for theatrical peiformanccs and conferences, another for lectures, concerts, &c., and a third for 
conferences of workmen, cost £18,000. There are sickness funds, savings banks, and a life insurance scheme, 
supported to the extent of two-thirds by the funds of the company ; also old-age pensions, and accident funds 
in addition to the State fund, the company paying for the first three days after the accident (not paid by the insu- 
rance companies) and supplementing the legal payment by 50 per cent. The sale of alcoholic drinks — beer included 
— is forbidden in the refectories, but coffee, tea, milk, &c., are obtainable at very low prices. On all these institu- 
tions the Bayer Company spends more than £80,000 and is yet able to pay its shareholders a dividend of 25 to 
00 per cent, on a capital of XI, 200, 000. 

The scientific and technical work of the company is indicated in the 4000 patents filed up to the year 1907. 

Kany of the Russian and French factories are branches of Gorman ones. 

In spite of the optimistic views sometimes expressed, it docs not seem possible to start an aniline dye factory 
111 Italy, especially as oven in England, which is situated far more favourably as regards raw materials and fuel, 
this industry has not been able to compote seriously with Germany. 

Statistics. Germany now supplies six-sevenths of the world’s reijiiirements in artificial organic dyes (although 
importing from Switzerland special dyes to the value of £200,000 to £250,000), and the progress of the industry 
IS clearly shown by the following data concerning the exports : 



1880 

1890 

1895 

1900 

1905 

1907 

1909 

Aniline dyes . tons 

2,141 

7,280 

15,789 

23,781 

. 36,670 

43,716 (£6,600,000) 

47,777 

Alizarin dyes , „ 

5,588 

7,906 

8,928 

8,691 

9,339 

10,600 (£1,200,000) 

34,784 

Indigo . . „ 

497 

733 

658 

1,873 ! 

1 

11,165 

16,850 (£2,160,000) 

£2,000,000 


To the total of £8,960,000 (in 1907) must bo added £1,200,000 for various crude materials (aniline oil and salts) 
for the manufacture of dyes abroad. 

Switzerland, with six factories In the canton of Basle, has a capital of £560,000 invested in the manufacture 
of dyes, which occupies 2000 workpeople and exported 60,000 quintals of dyes, of the value of £880,000, in 1906 ; 
in 1910 the value of the exports exceeded £1,000,000, although in 1903 it was not more than £680,000. 

' In 1905 Italy imported 40,820 quintals of aniline dyes in powder and 4300 in paste (excluding mdigo and extracts 
of dye-woods), of a total value of £532,000 (£400,000 from Germany and the rest almost all from Switzerland). In 
1900 the value of the imported dyes was about one-third less than the above, while 53,000 quintals were imported 
in 1908, 61,890 in 3909, and about 53,560, besides 5500 of pasty dyes, in 1910. 

Other countries imported from Germany m 1907 the following quantities of aniline dyes, at an average price 
of £12 to £13 per quintal : England, 9048 tons ; United States, 10,670 ; Austria-Hungary, 2980 ; France, 1036 
Russia, 1269 ; Japan, 2649 ; China, 3476 ; India, 2040 ; Belgium, 1490 ; Switzerland, 680. 

In 1909 the value of the aniline dyes imported into China was £280,000, that of the natural mdigo £28,000, 
and that of the artificial indigo £520,000. 
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nitration^ reduction, diazotisation, sulpTionation, fusion with caustic soda, 
chlorination, and oxidation. 

These reactions lead to internaediate products very near to the true colouring- 
matters. Thus, nitrobenzene and its homologues yield aniline, toluidine, &e., 
by simple reduction with iron turnings and hydrochloric acid, and aniline 
then gives diphenylamine, dimethylaniline, sulphanilic acid, &c. 

Oxidation of aniline, toluidine, &c., gives fuchsine, safranine, methyl 
violet, &e. The nitroanilines serve for the preparation of azo-dyes, while 
the action of sulphur on amines leads to primuline and the new class of sulphur- 
dyestuffs. 

With another reducing agent (Zn + KOH), nitrobenzene gives other 
products (hydrazobenzenes, &c.), from which other classes of colouring- 
matters originate. 

A further important reaction consists in the introduction of sulphuric acid 
residues (Sulphonic Group, SO-H) into benzene nuclei in place of hydrogen 
or other groups by treatment of benzene derivatives with concentrated sulphuric 
acid. The resulting sulphonic acids are of great importance and often decide 
whether a dyestuff is acid in character and hence able to dye wool and silk 
directly in an acid bath, or neutral (or almost so) and capable of colouring 
cotton directly, or still basic and able to dye cotton mordanted with tannin 
or wool and sills: directly in a neutral or faintly alkaline bath. 

The sulphonic group, in its turn, may be replaced by hydroxyl by fusion 
of the sulphonic acid with caustic soda, this being a very important reaction, 
as it allows of the ready preparation of resorcinol and of Alizarin. The OH 
group may also be introduced into the molecule directly by means of the 
Bohn-Schmidt reaction, which consists in treating various substances in the 
hot with sulphur trioxide dissolved in concentrated sulphuric acid. 

Oxidation is likewise of great value and was first used for preparing fuchsine, 
safranine, &c. It has now been found that naphthalene can be oxidised with 
sulphuric acid in presence of mercury, giving phthalic and anthranilio acids at 
a cost so low as to admit of the competition of artificial Indigo with the 
natural product [see p. 643). 

The methods of dyeing textile fibres are becoming continually more simple 
and more certain and capable of giving the most varied colours. Nowadays 
stable dyes can be produced directly on the cotton fibre in a sixigle operation, 
starting with simple chemical reagents. The ideal method would be for the 
manufacturers of chemical products to furnish reagents to the dyer so that the 
desired colours could be made directly on the tissues. 


CLASSIFICATION OF COLOURING-MATTERS 

Nietzki divides the artificial organic colouring-matters into the following 
general groups, with reference especially to their chemical composition : 

I. Nitro- colouring-matters. II, Azo- colouring-matters. Ill, Derivatives 
of hydrazones and pyrazolones. IV. Hydroxyquinones and quinoneoximes. 
V. Diphenyl- and triphenyl-methane colouring-matters. VI, Derivatives of 
quinonimide. VII. Aniline black. VIII. Quinoline and acridine derivatives. 
IX, Thiazole colouring-matters. X. Oxyketones, xanthones, flavones, and 
coumarins. XI. Indigo and similar and other natural colouring-matters . 
XII. Sulphur colouring-matters. 

But for practical dyeing, more importance is attached to the division into 
the following five groups on the basis of the behaviour of the colouring-matters 
towards different textile fibres, since in practice it is more important to know 
if a colouring-matter is basic or acid or if it dyes with or without mordant, 
than to know if it is a nitro-eompound, quinone, hydrazone, &c, ; 
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1. Basic colouring -matters, which in a neutral bath dye animal and vege- 
table fibres ; the latter should, however, be previously mordanted with tannin. 

2. Acid colouring-matters, which dye animal fibres in an acid bath. 

3. Adjective or mordant colouring -matters, which dye fibres mordanted with 
metallic oxides (of iron, chromium, aluminium, &ic.). 

4. Almost neutral or substantive colouring -matters, which, as alkali salts, dye 
vegetable textile fibres directly, without mordanting. 

5. Insoluble colouring -matters or pigments are formed directly on the fibre, 
i,e, are used for vat-dyeing or are developed on the fibre. 

I, NITRO- COLOURING -MATTERS. All the nitro-derivatives of the amines and 
phenols are energetic dyestuffs, those of the phenols especially being markedly acid 
colouring- matters, since the Chromophore NO2 reinforces the acid character of the OH 
group. Even the basic substances may become acid if many ]Sr02 groups are present. It is 
particularly the salts of these compounds which are coloured ; p-nitrophenol, for example, 
is colourless while its salts are yellow. 

The coloration of the nitrophenols disappears if the phenolic groups are etherified by 
alkyl groups. 

Of the nitrophenols the ortho-products (OH : NO2 ~ 1 : 2) are the more important 
and the more highly coloured. Examples aro : Picric Acid (trinifrophenol), C6H2(N02)3*0H ; 
Naphthol Yellow S = dinilronafliflwlmlplioyiic acid, CioH4(]Sr02)(N02)(OH)(S03H) 
(2 :4: 1 : 7) ; Victoria Yellow (or Victoria orange) = dinitrocresol, C6H2{^H)(dl3)(N02)2. 

II. AZO- COLOURING-MATTERS. The azo- col curing- matters, unlike other groups, 
have retained their original importance, not only as regards the number that can be 
produced, but especially because the gradations of colour and the stability can be modified 
at will. Thus, the azo-group includes substantive dyestuffs, which dye cotton without a 
mordant, wool colouring-matters fast to milling and to sulphuring, and stable adjective 
dyes such as alizarin. 

Their basic chromophore is — N=N — and the chromogen, R — N^N — R"', R andR' 
being aromatic radicals. 

Those compounds form the largest and perhaps the most important group of artificial 
colouring-matters. They aro not of themselves (especially in the case of the more simple 
ones, such as azobonzono) intense dyestuffs, but they become such on the introduction 
into the benzene nuclei of acid (OH) or basic (NH2) auxoohromos, and with increase of 
the number of those the intensity increases, jiassing from yellow to red, to blue or to brown. 
Blues aro obtained with sov(3ral chromophorcs — N—N — (di- and tetra-azo- compounds), 
while naphthalene groups give reds. The higher the molecular weight the more intense 
becomes the colour. 

In certain cases it must bo assumed that these auxochromes are united in some way 
with the chromophore, and, since /3-naphthazobcnzone no longer exhibits phenolic character, 
Liobermann attributed to it the structure — ^NK — N — OioH«, instead of the ordinary 

\/ 

0 

constitutional formula CoHs'N : N-CVoHfi'OH, 

Certain azo-compounds show behaviour recalling that of quinonos and ketones, e.g, 
they combine with sodium bisulphite. In such case, the formula is represented thus : 
CeHs-NH-N : O3H10O. 

Almost all azo-compounds dissolve in concentrated sulphuric acid, giving a charac- 
teristic coloration, which, in general, serves for their recognition and distinction from other 
colouring- matters {see Table given later). 

Substituted azo- compounds aro always obtained by coupling a diazo- compound with 
a phenol or with an amine, and, in the latter case, diazoamino-compounds are formed as 
intermediate products. 

The first azo- dyestuff of industrial importance (triaminoazobenzene) was prepared 
m 1867 by Caro and Griess, and it was only with the dyes discovered by Witt and Roussin 
subsequently to 1876 that this group assumed a position of practical importance. 

After ] 880 azo- colouring-matters again came to the front owing to the preparation of 
direct dyes for cotton, and later these dyes were produced directly on the cotton fibjTQ 
xieM" dyeing methods being thus created, 
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They are prepared industrially by first diazotising the amine, or its sulphonic acid 
diluted with water, by means of hydrochloric acid and sodium nitrite, the mass being 
cooled with ice and tested with starch-potassium iodide paper so as to avoid any large 
excess of nitrite. After diazotisation, the coupUrig is carried out by pouring the whole 
slowly into an alkaline solution of the phenol, fche mass being kept alkaline. The colouring- 
matter thus formed is separated in an insoluble state on addition of salt and is then filter- 
pressed. The reaction between the amines and the diazo-compounds is more complex : 
B*NH 2 ,HCl(-biN 203 ) — ^ E-lSTCl : N( + R'OH, phenol) — HCl+K-N : N-R'*OH. 
The diazo-group enters in the para-position to H, OH, or NHg, or if this is occupied, in 
the ortho-position. 

Azo- colouring-matters are so numerous and so varied in constitution and behaviour 
that they may be divided into several sub-groups. 

The MONO AZO-COMPOUNDS may be sulphonated (aminoazo- derivatives give 
basic colouring-matters and the hydroxyazo-derivatives without carboxyl, acid colouring- 
matters) or not sulphonated (the aminoazo-compounds give basic and acid colouring- 
matters and the hydroxy azo- compounds basic and adjective colouring- matters). POLY- 
AZO-COMPOUNDS yield substantive and adjective dyestuffs {i.e. without benzidine 
nuclei and then form acid, basic, and mordant colouring- matters). Finally there is the 
sub-group, the members of which are generated directly on the cotton fibre. 

(а) Aminoazo -derivatives. These are obtained m the usual way, in the cold and in 
alkaline solution, from diazo-compounds (amino- or not) and amines. 

Among these are fast yellow, acid yellow, tropceoUn, the oranges, Indian yellow (nitro- 
derivative of phenylaminoazohenzenesulpJionic acid), orange IF or tropceokn 00 (sodium 
salt of the non-nitrated product, SOsH-CgH^^ N : N*C 6 H 4 NH-CgHs) and vesuvine 
or Bismarck brown, which is the hydrochloride of tnaminoazdbenzene, NHa'CoH^'N ; 
N*C 6 H 3 (NH 2 ) 2 j mixed with C 6 H 4 [*N : N*C6H3(NH2)2]2. 

Indoin is a basic blue obtained by coupling diazotised safranine with /3-naphthol. 

On textiles they are not very fast to light, the less fast being those which do not contain 
the sulphonic group. In printing textiles these colours are corroded by the stannous 
chloride. 

(б) Hydroxyazo-derivatives (or azoxy-compounds), c.g. hydroxyazobenzene, 
CgH^'N ; N'C6H4-0H. TropceoUn 0 is a dihydroxyazobenzenesulphonic acid. 

H:N- 


Of greatest importance are the derivatives of a- and /3-naphthols, 
N: N- 


/\/\ 
I I 


\/\/ 


OH 


/\/\OH 


and 


{/3), the compounds with the auxochrome in the ortho : /3-poKiiion with 


\/\/ 

respect to the chromophore (-N : N-) being colouring-matters of greater fastness to acid 
and alkali than the ortho - 1 u-compounds. But if another azo group be introduced into the 


OH 


/\/\ 


latter, it will occupy the /3-(ortho)-position, 


N : N* 


, the fast brown dycstulfs 


\/\/ 

' N : N* 


being obtained. 

Those most used are the sulphonic derivatives, obtained from various naphtholmlphonic 
acids. 

Of the numerous colouring-matters of this group, the most important are : orange II 
tropceoUn 000 N, II or N, I, croceine orange, orange G, &c., Ponceau (various), Bordeaux B, 


N-^CioHe.SOgH (4), 




OH (1) 
■SO 3 H (4) 


, &c. 


amaranth, rocelUne, croceine, azoru^n 8 
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(c) Azo- Colouring-Matters derived from Carboxylic Acids are obtained from carb- 
oxylic diazo-compounds and phenols or amines. 

These compounds (especially the o-hydroxycarboxylic acids, such as salicylic acid) 
have an affinity for metallic mordants, particularly for chromium oxide. The hydroxyl 
and carboxyl groups are in the ortho-positions. 

Among the mtrobenzcneazosulphomc acids are alizarin yellow, tlnQ diamond yellows, &c., 
which, on cotton and wool, give colours very resistant to light and to fulling. The hydroxy- 
azo-acids include various tropmolins (V, B, 0, 000, &c.), clirysom, cochineal scarlet, 
irmceau, palatine scarlet, &c. 

(d) Azo- Colouring-Matters derived from Dihydroxynaphthalenes. Several of these 
compounds are fixed by mordants when they have two hydroxyl groups in the ortho- (1 :) 2 

OH OH 


or peri- (1:8) position, as in anthraquinone {see Alizarin) and 


\/\/ 

SO.,H 


But 


these compounds are used practically, not on mordants, but for the dyeing of wool, as they 
give very regular results (such are the azofuchsines), while the peridihydroxynaphthalenes 
are used on mordants and form the so-called chromotrop colouring-matters, which dye 
unmordanted wool in an acid bath, giving a fine red turned violet by addition of alumina 
mordants or blue-black with chrome mordants. 

POLYAZO- COLOURING-MATTERS (di- and tetra-azo) contain the chromophoro 
•N" : N* several times and vary according as the cliromophores are in the same benzene 
nucleus or in cliiTerent nuclei and as the auxochromes arc or are not in the same nuclei 
as the chromo])horcs. 

Here are found benzidine derivatives in which the two cliromophores are in two different 
nuclei, joined by a single linking. 

Among the sul phonic derivatives are, for exainxilc, Biebrich scarlet, and the croceines, 
while among the ])olyazo- com pounds are also naphtJiol hlacJc, napMhylamine black 1), 
diamond black (which is obtained from aminosalicylic acid and is fixed by mordants), &c. 


BENZIDINE, NHa^ 




NH 21 , when treated with nitrous acid, gives 


a tetrazo-dcrivativo which yields yellow, red, blue, or violet colours on combination with 
amines or ])henols. With naplithionio acid, tetrazodi phenyl gives Congo red, which was 
the first substantive dyestuff obtained and was patented by C. Bbttigcr in 1884 : 


cU,.N : („)• 


the free sulphonic acid is bluQ while the salts are red and are ixed directly on cotton, 
but have the disadvantage of becoming blue or black in contact with oven weak 
acids. 

The Benzopurpurins {see p. 605) are obtained in a similar manner. 

These benzidine derivatives cease to form substantive colouring-matters if the meta- 
positions (with respect to the NH 2 ) are occupied. 

Substantive or direct colours, when fixed on cotton, function as weak mordants for basic 
dyestuffs. 

The different firms making colouring -matters place on the market a large number of 
substantive dyes under various names. Por instance, Messrs. Casella have a long and 
important series of diamine colours (diamine yellow, green, redj black, blue, <feo.), while 
Moister, Lucius und Briining call their substantive colouring-matters dmnil colours. 
The Bayer Company have the most numerous and important series of substantive dyes, 
which they term benzidine or henzo dyestuffs {e.g, benzo azurines, benzo browns, benzo 
reds, &o.). The Actien-Gesellsohaft fur AniHn-^Pabrikation, Berlin, call these dyes 
Columbia, Zambesi, 

II 


42 
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0 


/\ 

.N-N. 

The Derivatives (e.g. sulphonic) of azoxystilbene, CsHix' yC'eHt, have the 

^0 = 

i I 

H H 

special property of dyeing cotton directly in an acid hath. 

The firm of Meister, Lucius und Briining, in 1896, placed on the market a class of 
strongly basic colouring-matters {Janos dyes), which colour cotton directly — without 
p)revious mordanting — ^in an acid hath and also dye with the same colour the wool and cotton 
of a mixed fabric when the latter is boiled in a bath acidified with sulphuric acid. These 
dyes change their tint temporarily if brought into contact with hot objects (hot iron). 


Of very great importance is the group of azo-dyes produced directly on the fibre by 
processes of diazotisation and combination, these bearing the name of Ingrain Colours, 

Cotton fabrics or yarns are impregnated in the cold with a base (aniline, p-nitranilinc, 
aminoazobenzene, benzidine, saf ranine, &c.) or they may be first dyed with one of the 
substantive tetrazo-dyes containing free auxochrome amino-groups {e.g, diamine black, 
primuline yellow, benzo brown, blue, or black, &c.). They are then transferred for 15 
minutes to a wooden vessel containing a cold diazotising solution, this consisting, per 100 
Mlos of cotton, of 2000 litres of water, 2 to 4 kilos of sodium nitrite, and 6 to 10 kilos of 
hydrochloric acid at 20° Be. ; this diazotisation is carried out in dimly lighted rooms, 
since sunlight readily decomposes the diazo-compounds formed. After removal from this 
bath, the cotton is allowed to drain for a short time and is then placed in a developing hath 
{coupling hath) containing 2000 litres of water, 0*5 kilos of sodium carbonate and 0-5 to 
1 kilo of /3-naphthol previously dissolved in 415 to 430 grms. of caustic soda at 40° Be. 
The cotton is manipulated rapi^y and in a few minutes intense development of the colour 
takes place. When substantive dyestuffs are thus further diazotised on the fibre, they 
-exhibit increased fastness to scouring, and this is still more the case if the fabric is subse- 
quently treated with a bath of potassium or sodium bichromate at 90° to 95° for 20 minutes ; 
A final copper sulphate bath at 50° for 25 minutes gives greater fastness to light ,• but both 
eopper and chromium compounds diminish the brightness of the colour to some extent, 
and on this account the firm of Geigy suggests the use of a final bath of formalin. Instead 
-of /3-naphthol, a-naphthol, resorcinol, phenylenediamine, henzonitrole (diazotised p-nitrani- 
line), may he used. By this method of diazotising and developing on the fibre the 
•original tint of the basic substance is intensified, certain yellows become orange or scarlet 
•(p-nitraniline gives with ^-naphthol a fine scarlet similar to Turkey red, while with a-naph- 
thol it yields a violet-red), certain reds become brown or even blue, the blues become intense 
blacks, &c. Different developers give different colours or shades. 

The coupling of a phenol with a diazo-compound is prevented by the presence of a 
reducer which destroys the latter ; as reducing agent stannous chloride was at one time 
■used, but use is now made of sodium or zinc hydrosulphite, which permits of the printing 
^of textiles in white designs on a coloured ground. 

III. HYDRAZONE AND PYRAZOLONE COLOURING -MATTERS. Hydrazones 
are obtained by the action of phenylhydxazine. Cells •NH*]SrH 2 , on compounds con- 
ctaining ketonic groups (^ec p. 210). Thus, for example, the condensation of phenyl- 

CO 


•hydrazine with a-naphthaquinone, 


/\/\ 


\/\/ 

GO 


gives a hydrazone of the constitution 


• NE • H : QioHe : 0. The same compound is obtained by the interaction of a-naphthol 
and diazobenzene, so that its constitution might be that indicated by the equation : 


OeHe-N^-Cl -f == HCl + 


one hydrogen atom being mobile and oscillating between nitrogen and oxygen. The 
liydrazones may hence be regarded as azo- compounds and can be prepared from diazo- 
-derivatives and phenols. This is true for aromatic compounds (which can be diazotised). 
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but not for those of the aliphatic series, which are only exceptionally diazotised ; in the 
latter case, the hydrazones must be obtained by means of phenylhydrazine. 

The colouring- matters of the hydrazone group have not as yet been practically applied, 
as they are too weak. It was formerly thought that tartrazin was a hydrazone, but 
Anschutz showed it to be a pyrazolone. In general the Tartrazins are obtained by con- 
densing, in hot acid solution, the aromatic hydrazines (sulphonated) with dihydroxy- 
tartaric acid, C 0 oH*C( 0 H)o-C( 0 H)f>*C 02 H, which probably reacts with phenylhydrazine 

C02H‘C : N-NH-CgH^'SOaH 

as a true di-ketone, COoH • CO • CO • CO 2 H, giving 1 

COgH-C : N-NH-CeH^-SOaH 

a molecule of water is then lost from a carboxyl- and an imino -group, 
/N(C 6 H 4 *S 03 H)*C 0 
1 

CCCOgH) C: ]Sr-NH*C6H4‘S03H. 

The sodium salt is used as a fast yellow for wool, in an acid bath. Some tartrazin 
nitrates are fixed also by mordants. In an acid bath tartrazin dyes wool a bright and 
fairly fast yellow. 

IV. COLOURING-MATTERS DERIVED FROM QUINONES AND QUINON- 
OXIMES. All these colouring-matters give very fast tints on fibres mordanted with 
metallic oxides with which they form lakes. If the hydroxyl groups present are not in the 
ortho-position with respect to one another and to the chromophore C0<^ , the lakes 
formed have no affinity for the fibres.^ 

The most important colours of this group are formed by introducing into the chromo- 
phores, naphthalene groups ; e.g. Naphthazarin, which is a diJiydroxyna'pMliaqmnone, 



6 


The quinonoximes contain the group : N*OH in place of the ketonio oxygen ; they 
have properties similar to the hydroxyquinones, and here too the affinity for metallic 
mordants is most marked in the derivatives of the orthoquinones. A few colouring- 


matters derived from the oxime 0 ~ 


/■ 

\ 


\ 


are known, e.g. fast green for cotton^ 


naphthol green, &c. 

Among these quinone derivatives are almost all the alizarin {see p. 617) and anthracene 
{see p. 615) colouring-matters, purpurin, &o., in all gradations from yellows to reds, blues, 
blacks, greens, &c. 

For hundreds of years Alizarin was the sole representative of a group of excellent 
colours, and was only obtained naturally mixed with purpurin, from which it was separated 
with difficulty. Nowadays, not only is alizarin prepared artificially, but there are quite 
fifty other colouring-matters of this group, fast to light and chemical and atmospheric 
reagents. 

And while nature yields colours such as madder and indigo in an impure condition 
{as these are secondary products of vegetable life) and not directly applicable for dyeing, 
the artificial products are highly pure, much brighter in colour and more easily utihsable 
as dyes. 

Alizarin and anthracene dyes, which are the prototypes of mordant colouring -matters, 
are used in large quantities for the fast dyeing of wool for clothing and military uniforms. 
As a rule the wool is mordanted first, by boiling for an hour with an aqueous solution 
containing 2 to 3 per cent, of potassium dichromate and 1 per cent, of sulphuric acid and 


Mordant ooloming-matters are generally obtained with the following groups in the ortho-position : OH and 
HO (or CO and KOH), ZHOH, 20H. Also, according to Hoelting (1909), in the anthra<iuinone series intense 
mordant dyes are obtained also with OH and KH* in the ortho-position (less important and less intense are those 
with OH and HH# in the para-positlon). 
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amounting to 15 to 20 times the weight of the wool. After mordanting, the wool is rinsed 
well in water and dyed in a solution of the dyestuff faintly acidified with acetic acid ; this 
bath is heated very gradually to boiling, the latter being maintained for 1 to 2 hours tO' 
obtain the maximum intensity and fastness. If fresh additiou of the colouring-matter 
is necessary in order to obtain the desired shade, it is best first to lower the temperature 
of the bath to 40° to 50°with cold water in order to prevent non-uniformity of tint. 

V. DIPHENYL- .AND TRIPHENYL - METHANE COLOURING - MATTERS, 

and CqHs— I t has been shown on p. 647 that in these colouring- 
matters the chromo'phore consists of the benzene group with two double linkings in the 
para-posiSoli, R— C<^ . 

The mode of formation and the general properties of diphenyl- and triphenyl- methane 
derivatives were described on pp. 606, 607. 

In this group are found Auramine (basic) and Pyronine (also basic) which dye wool 
in an acid bath and cotton mordanted with tannin. 

The rosamline group embraces all the basic colouring-matters derived from triphenyl- 
methane, e.g. malachite greeny methyl violet, formyl violet, fuchsine, &c., while with sulphonic 
and other groups, acid dyes are obtained, such as patent blue {carmine blue), acidfiichsine, &c. 

There are also azo-derivatives of triphenylmethane, such as Rosamine, which dyes 
silk violet-red with a yellow fluorescence, and has the formula : 

XeH3[N(CH3)2 L 
CgHs-C/ >0. 

I \CeH3[N(CH3)2Cl]/ 


The Rosolic Acid group, 0=<^ formed by fusion of 

phenol vuth oxalic acid in presence of concentrated H2SO4, also furnishes numerous colouring- 
matters, e.g, aurine, coralline, pittacal, chrome violet. 

Benzoazurin is formed from 1 mol. of phenylchloroform with 2 mols. of phenol : 

xr==v Q jj .QJJ 

0 : ^ 5* these colouring-matters have no practical application and 

are obtained by the condensation of phenols with phthalic anhydride : 

yCOs. .C(C6H4 'OH)o\ 

)0 -b 2C6H5*0H == + C6H4<; >0, 

N CO / 

• Phenolphthalciii 

Phthaleins (^ee p. 581) with the hydroxyls in the para-positions are of some importance ; 
if resorcinol, C6H4(0H)2, is used in place of phenol, Fluorescein is obtained : 

O 




CeH* ■ CO • 0 

while if dimethylaminophenol is taken instead of resorcinol, or if fluorescein chloride is 
heated with a secondary amine, NER^, fine red colouring-matters, Rhodamines, which 
are basic in character, result : 


RoiNCD 


\/\/\/ 

C < 


OOOH 



661 


QUINONIMIDE GROUP 


If previously brominatecl phthalic anhydride is used, the Eosins are obtained : 

.CeHBraCONa)^ 

> 0 ; 

1 I ^CeHBrslOKa)^ 

CO— O 


these give beautiful fluorescent red colours on silk but are not very fast to light {see 
p. 581). 

VL COLOURING-MATTERS OF THE QUINONIMIDE GROUP. To this belong 


the derivatives of indophenol and indamine. 

Of the hypothetical quinonimides, HN=<^ ^—0 and 3SrH= 

various derivatives and condensation products are known, e.g. Indamine, 



Indophenol, OH 


\ / 


H2N< 
■N= 


)-N=c/ \=NH; 

'\=NH, 0=/ \=N-/ \nH2. 


/\/“\/\ 


The Thiazones, e.g. fModiplienylamine, 


, with indamines form 


H 

Thiazimes {e.g. Lautlds violet or tliionine, methylene blue, methylene green, &c., which are 
basic dyes). 

The examines and Osazones have an oxygen atom in place of the sulphur of thiazones, 

/\/^\/\ 

, and undergo various condensations : Capri blue, naphthol blue, Nile 

H 

blue, &c., which are also basic. 

The Cyanamines arc related to Nile blue ; Resorufin is an osazonc, namely, hydroxy- 
0 = 

diphenosazonc, ; Gallocyanine, is obtained by beating 

nitrosodimothylanilino with gallic acid in alcoholic solution. They dye chrome-mordanted 
wool a very fast violet, and arc used in printing linen, which is treated with sodium bisulphite 
and chromium acetate and subsequently steamed. 

The Azines wore formerly called Safranines ; the simplest typo is Phenazine, 

CeH 4 ,<^ 1 The eurodines are used for dyeing cotton mordanted with tannin. 

The Safranines contain four nitrogen atoms and three aromatic nuclei : 


/\/' 




HgN 

v 


\/\- 


\/\ 


/\/ 


NH, 


■N' 

■y\oi 


and are strongly basic and give red colours on cotton mordanted with tannin. 

InduHns are obtained by heating aniline hydrochloride with aminoazobenzene. The 
following constitution has recently been established for one of the indulins : 
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N-CeHj 


CsHs-HN- 


-NH-CeHs 


Y 

N-OeHs 



The Quinoxalines contain the nucleus 


1 1 IC— H 

\Y\n/ 


represented by the formula ; 

H 

/\/%/\/N/\ 

\Y\i^Y\Y\]srY\Y 

H 


the Fluorindines can be 


VIL ANILINE BLACK. The oxidation in various ways of aniline salts in acid 
solution gives aniline black, which is of considerable importance in the dyeing of cotton. 

Among the different oxidising agents, a special place is occupied by vanadium salts 
(suggested by Witz in 1877), which bring about the oxidation of large quantities of aniline 
(transferring oxygen by catalytic action) j 1 part of vanadium, in presence of a sufficiency 
of potassium chlorate, oxidises as much as 270,000 parts of aniline hydrochloride. In 
point of efficiency, vanadium is followed by caesium and then copper, the action of iron 
being much less. i 

Aniline black has a feebly acid character and is insoluble in almost all solvents. Itj 
dissolves with difficulty in aniline and forms with it a violet and then a brown colour ; 
phenol dissolves it more easily, giving a green coloration. With fuming H 2 SO 4 , it yields 
soluble, coloured sulpho-compounds. Acetic anhydride gives a faintly coloured acetyl- 
derivative, and potassium dichromate a violet-black product. When treated with per- 
manganate and then with oxalic acid, aniline black is partially decolorised. Energetic 
reducing agents (Sn + HOI) decompose it completely,^ 


^ The chemical constitution of aniline Uach lias been the subject of much discussion. Assuming that the first 
intermediate product of the oxidation of aniline is aniline black (Nietzki), it cannot be true, as is often thought, 
that the transformation of aniline into q^uinone by oxidation takes place through the intermediate stages of phenyl- 
hydroxylamme and p-aminophenol, since these do not yield aniline black on oxidation, plienylhydroxylamine 
giving a mtrosobenzene and not a qumone ; nor can aminodiphenylaminc (ISTover, 1907) be formed, since this, 
on oxidation, gives emeraldine, a compound never obtained in the oxidation of aniline. It has now been found 
possible to convert aniline black to the extent of 95 per cent, into quinonc by oxidising with lead peroxide (chromic 
acid giving less than 80 per cent,), so that the indaminic formula (proposed by Bucherer, 1907) can no longer be 
attributed to aniline black, since, according to this, it would give only 50 per cent, of qumone. This result led 
E. Willstatter and S. Dorogi (1909) to suggest for aniline black the formula (CgH^N : OoHt'OT)*, i.e. CisHaeKfl, 
which IS confirmed by the fact that the oxidation requires 1 J atom of oxygen per molecule of aniline with a yield 
of 97 per cent- S’urther, the determination of the molecular weight by hydrolysis of aniline black with diluta 
sulphuric acid at 200® indicates clearly the separation of one-eighth of the nitrogen as ammonia : 

CaHiK : CeH4 : + HaO == CeH^N : CaH^ : 0 + 

All these results point to the trebly quinonoid formula of aniline black as the most probable : 




H-H • 






This aniline black is obtained by oxidising amime in the cold with rather less than the theoretical quantity of 
dichromate, chlorate, or persulphate. I’urther oxidation with HgOs, for example, results in the elimination of 
2H and the formation of a quadruply quinonoid aniline black, C 48 Ha 4 Na, the base of which is very dark blue-black 
while the salts are dark green. It absorbs only 24HC1 whilst the trebly quinonoid black absorbs 4HC1 ; aU of 
the latter are displaced by ammonia, which, however, m the former case, leaves IHOl (4*5 per cent, of d in the 
nucleus). In practice the quadruply quinonoid blackis obtained with excess of a slow oxidising agent actingin the 
cold, c.p.with chlorate and copper sulphate or with chlorate and vanadium. On hydrolysis, the quadruply quinonoid 
black also loses one-eighth of its nitrogen as ammonia, forming the more complete black, (T 4 BH#* 0 ]Sr 7 , which is 
not turned green by SOg. Oxidation of the correspondmg product of hydrolysis of the trebly quinonoid black 
gives the same quadruply quinonoid black, The practical preparation of aniline blank in a single 

bath l^ds to the quadruply quinonoid black that turns green, and further oxidation of this in the hot yields the Wack 
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In practice aniline black is produced directly on tke fibre and the use of this very stable 
colouring-matter is due especially to the studies and initiative of Prud’homme, C. Koecklir, 
Paraf, &c. 

After many improvements, the production of aniline black (termed also oxidation 
Mach or fine Mack) directly on cotton fibre is now carried out as follows (the quantities 
given arc for 50 kilos of cotton). The three following solutions are prepared separately : 

I. 5*5 kilos of aniline oil {see p. 658) H- 6'25 kilos of commercial HCl + 50 litres of water ; 

II. 3*5 kilos of sodium (or potassium) chlorate -f 50 litres of water (1*5 kilo of starch is 
sometimes added) ; III. 3 kilos of potassium ferrocyanide in 20 litres of water. When 
cool, the solutions are mixed (1 grm. of vanadium chloride is sometimes introduced) and 
the yarn or fabric immersed until it is well soaked. It is then gently pressed and passed 
slowly over rollers through the oxidation chamber {see illustration given later) so that at 
least an hour elapses before it emerges at the opposite end. The temperature of the chamber 
should not exceed 50° and the humidity 25°. The fabric assumes a coarse greenish colour^ 
which is changed to a fine black when it is transferred to a Jigger {see later) containing 
2 kilos of potassium dichromate, 250 grms. of sulphuric acid and 100 to 120 litres of water 
at the temperature 50°. The black thus obtained, when thoroughly washed, is turned 
green only to a slight extent in the light. 

Vni. QUINOLINE AND ACRIDINE COLOURING -MATTERS. [Among the 
quinoline dyestuffs are quinoline yellow (water- or alcohol-soluble), quinoline red. 


cyanine, &e. ; all of them contain one or more of the chromophores, 


CH : CH* 

I ^ 

N : CH 


or its homolog lies. 

Acridine derivatives possibly contain a quinonoid chromophore of the formula 
X\,B,{ : NH). 

EOf >NH. 

They are obtained by condensing m-diamincs vith formaldehyde, heating the resulting 
totraminodipheuylmc thane with acid to remove ammonia, and finally oxidising with 
ferric chloride! To this group belong acridine orange and yellow, phosphine, henzofiavin, &c. 

=.“C— Ny 

IX. THI AZOLE COLOURS. These contain the group | — with the 

chromophore — C«=N — and are formed by heating p-toluidino with sulphur, tho resulting 
Primuliix being probably of tho constitution 




/No, 


•N. 


0»H 


/ , 


C-CoH^-NH^ 


it may be easily sulphonated, dyes cotton directly and may bo diazotised and developed 
on tho fibre {see p, 658). The methyl derivative is Thioflavin. Those colouring-matters 
are not very fast against light. 

X. COLOURING-MATTERS OF THE OXYKETONES, XANTHONE, FLAVONE, 
COUMARIN. This group embraces many valuable mordant colouring-matters ; alizarin 
yellow, anthracene yellow, alizarin Mack {see Alizarin Colouring-Matters, p. 669), flavopurpurin, 
alizarin green, alizarin Mue, alizarin cyanine, anthracene Uue, &c. The characteristic 

0 


/\ 


group of the xanthones is 


/\ 


/\ 


and that of the fiavones 




v- 


-CO— OR 


-0 — CH 


Indian yellow is a hydroxy-derivative of xanthone. 

XL INpIGO, INDIGOIDS, AND OTHER NATURAL COLOURING-MATTERS. In 
addition to what has been stated with reference to indigo {see p. 039 et seq,), it may be said 
that there are a number of derivative^of artificial indigo which are reduced with hydro- 


whi<Sh does not tarn green, the terminal imino-group being hydrolysed. Xbis latter black is obtained also by the 
two- (or more) bath process or by steaming. Oxidation of aminodiphenylamine instead of aniline gives first the 
reddish bine imlne (O^i emrdtUne, which then polymerises, forming the black (trebly quinonoid). 
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sulphite and alkali and give very fast Colours ‘which are superior to indigo and resist even 
concentrated solutions of chloride of lime,^ 

The Indanthrene Colours, which were at first very expensive, are now obtainable at 
more reasonable prices and give medium and dark shades. They are so resistant to 
various reagents that they are used as pigments in place of ultramarine, &c. ; they arc used 
also for blueing sugar and other foodstufis, as they are fast to light and non-poisonous. 

^ Bohn has given the name mi dyestuffs to those insoluble pigments the molecule of which contains at least 
one ketonic group capable of being reduced (e g by hydrosulphitcs), taking up hydrogen and thus bceonung BoUible 
in an alkaline liq^uid and fixable by animal and vegetable fibres. These vat dyestuffs may be divided into two 
classes: indigoids and indanthrene derivatives. The first class comprises two senes: symmetnoal (mdigo, ikc.) 
and unsymmetrical (indirubin, &c ), and each senes contains various families of the follou mg types, to all of which 
the chromogen, — CO — C— C — CO, is common. 


(1) With nitrogenous chromogeu. 

4 2 2 ' 4 ^ 



Kaphthmdigo 

( 2 ) 


/\„CO\ yCO - 

Mixed symmetrical with nitrogen and sulphur 
chromogens 


Indigo and its halogenated and other substitution deriva- 
tives : chloro-, bromo-, alkyl-, and naphthol-mdigo. 
The substitution takes place m the benzene nucleus ; 
many polybromo-derivativcs are formed, The colouis 
. range from reddish blue to greenish blue. The antique 
purple recently studied by Briedlander is 6 G'-di- 
bromoindigo. 5-Bromoindigo {pure indigo R), 5 5'-di- 
bromomdigo {pwe indigo 2jB), 5:7: 5''-tribromo mdigo 
blue B)i 5:7.5'; 7'-tetrabromo mdigo {Giba blue 
2B or indigo 4B) have been prepared. 


COv 

i ' Besides the chromophore \C ==: of mdigo, these have 
yCO 

. also the chromophore = C<; . Belonging to this 

family are : Ciba grey G (monobromo-deiivativcs), Ciba 
violet R, B, Z R (these arc polybromo-denvatives of Ciba 
violet A). 


< 3 ) 


I >C = C< 

i \ S— ' ' 

\/ ® \/ 
Symmetrical with sulphur chromogen 


<4) 


/ Y-xh. / CO . 

I > 0 =c< >XH 

1 no/ \ / 

\/ “ / \ 


Indirubin with asymmetric nitrogen chromogen 


/'The first term is Friedlander’s thiomdigo (or thioindigo 
I red B) ; Ciba bordeaux B (5 : 5'-dibromothiomdigo) and 
I numerous derivatives m which the 5- and 5'-positions are 
'\ occupied by alkoxy- and thioalkyl-groiips have been 
I prepared, among these being red and brown colours 
\ and the various colours of the helindone senes of Meistor 
Lucius und Brunmg, 


Indirubin is not a colouring-matter, since on reduction it 
forms mdigo. But use is made of tetrabromoindirubin 
{Ciba heliotrope B ) : 


.]srH\ 

CeHsBrsY >C = 


.--CO-. 

C< 

\C«HaBr/ 


(&) 


/Vs 


I I 


i— Co/ \ 


CO 


'\ 

,/ 


Thiomdigo scarlet It 


The dibromo-d^rivative forms thioindigo scarlet Q (or Ciba 
red Q) : 



<6) 


< 7 ) 


coVN 

CO—C=C< 

1 i 
/\/\ 


. 1 

\/ 


\/\/ 



lis known hy the name of thioindigo scarlet 2 Q {Ciba scarlet Q) . 


'This is a new family which has given the first yellow 
colours of the indigoid group {Ciba indigo yellow 8 G 
and Ciba yeUow G, which is a dibromo -derivative of the 
preceding). The group Ar is the benzoyl residue, but 
it is not known whether Y is H or OH, ox whether it 
. represents a double linking to the nitrogen atom. 
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Materials dyed with indanthrcne dyestuffs do not stand heating in an autoclave with 
alkali, the colours being reduced and rendered soluble. The Badisohe Anilin- und Soda- 


y’hc second class is tliut ot the anthracene derivatives, with the following families : 


( 1 ) 




liN' 


\/ \/ 


\/'\/\/ 

O 

Indanthrene blue 


flndanthmne is foimetl by condensing 2 mols. oi ainino- 
anthraquinonc by means of fused alkali and is a diantlira- 
quinonedihydroazme. With reducing agents, partial 
leduction of the kotonic group occurs, dihydroindan- 
tlireivc becoming soluble in alkali and dyeing cotton 
. directly. The lialogcnatcd dcrivativ’es aie of a more 
greenish blue, resistant to oxidising agents and to 
chlorine. Use is made of indanthene Hue GC, GOD, 
3 G, and 3 RO and of algol Hue and algol g\een. The 
GCI) blue IS obtained by boiling indanthrene with 
aqua legia. Anthmflavone (yellow) is similar to indaii- 
^ tliri'iie, but without the NH groups. 


< 2 ) 


< 3 ) 


/\/\/\ 


\/\ /\/\ 


\/ 

O 

Flavanthrma 


0 

/\' s/\ 

\/\/\/ 



RenzuntJmme 


JHavanthrene (or indmithrene yellow G and R) is obtained 
by oxidising 2-aminoanthraquinone with antimony 
pentachlondc in boiling nitiolienzene solution. An 
analogous compound which has an orange-yellow 
colour and in which the two nitrogen atoms are replaced 
by OH, is ’pyranthene (or indantln'ene golden orange G), 
the halogen derivatives of which tend to red ; of these, 
dihronw’pyranthrene (or indanthrene scarlet Q) is used. 


Benzanthrone is obtained by eoiidonsiiig anthraquinonc 
or its derivatives with glyceiol in prissence of oonccn- 
tiated II2SO4 Ik'nzanthrone and its halogen derivatives 
are not eolouring-matti'rs, bui^ by various conden- 
Hat.ions they lead to cxcelh'iit eoloiiring-mattiCrs, such as 
violanthrene, the dibromo-diuivativo of which is mdan- 
threne green B; isoviolanthrene (wliicli has a similar 
constitution to pyranthrene) and its dichloro-dcnvativc 
{indanthrene violet RR extra). 

\ 
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Anthraqumoni mhle derlmti ves 


<5) Aciamhoanthraquinone derivatives 
() 0 

/\/\/\ -Nil -00 -Nil 
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Jlelindone yellow HON 

<«) 


Various types : Rufanthrene, leuml, eibamnes, 
hydroms, indigolignoids 


rlndanthrcne bordeanx and indanthrene ml Q and R arc 
j fonu(‘d from 3 mols. of anthraquinonc joined m various 
J ways by two imino-groups. Algol red, which was the first 
I red vat dyestuff of the anthraquinonc series, consists of 2 
I mols. of anthraquinonc united by an Nil group, one of 
^ thorn being condensed with a pyridono ring. 

^Characteristic of these is the complex of several NH 
groups united once or more tunes to CO groups. Melin- 
done yellow 3 G represents two anthraquinonc groups 
cond<-nsecl with urea. Various other condensations of 
amlnoanthraquinones with benzoyl, succinic, tartaiic, 
phthalic, Ac., groups give algol reds G, R, mid 6 G, Ac. 

/Th<‘se colouring-matters arc obtained by fusing amtnoan- 
thraquhiones with sulphur or alkaline sulphides' mf- 
anthrene browns, greys, olives), indanthrene brown, 
cibanone brown, cibanone yellow ; the first cibawme 
black was obtained from mcthylbenzanthrene, and the 
leucol colours of the firm of Bayer are also of this group. 
A mixed indigoid-anthracene group lias recently been 
obtained. Thus, the action of isatin chloride, Ac., 
on a-uaphthol (or its ortho-derivatives) gives the indigoid 
colouring-mattor and an isomer ide of analogous pro- 
J piirties, e,g. indonaphthaUm or mdolignone (Briodiander 
] and Bezdzioh, 1009) ; both the indigoid and the indo- 
lignonc are decomposed by alkali into anthranilio acid 
and the corresponding hydroxynaphthaldehyde. A 
group of sulphur vat dyestuffs is that of the indrom 
Urns (Oassell%), derived from carbazole, which with 
p-nitrosophenol gives a base, 

and this, when fused with sulphur or sulphides forms 
V. reducible colouring-matters soluble in alkali. 
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Fabrik recommend the addition of an oxidising agent to the autoclave bath to prevent the 
reduction. 

The principal natural mordant colouring-matters are: logwood, brazilein, archil, 
cochmeal, catechu, sandalwood, &c. ; and the natural substantive dyes for cotton and 
wool are : bixin, eureumin, carthamin, &c. 

These dyewoods are placed on the market in small trunks or in chips ; for economy 
in transport and convenience in use, dense aqueous or concentrated dry extracts are often 
prepared. Italy imported the following quantities : 



1906 

1907 

1908 

1909 

1910 

if 


quintals 

quintals 

quintals 

quintals 

quintals 

Woods for dyeing and 






tanning 

223,762 

273,272 

219,985 

27d,300 

266,400 (£140,000) 

Dye extracts 

7,883 

7,540 

5,573 

6,699 

' 6,412 (£23,080) 

Catechu and gambier . 

5,603 

4,025 

3,998 

4,687 

1 5,806 (£13,935) 


Germany’s imports and exports were as follow : 



Imports 

i 

1 Expoets 

1908 

1909 

1908 

1909 

Logwood .... 
Yellow wood 

Red*wood , . , 1 

Catechu .... 

1 

quintals 

111,165 

7,697 

7,245 

33,852 

quintals 

94,489 

9,424 

11,266 

1 35,438 

quintals 

14,046 

1,372 

2,030 

2,426 

1 

quintals 
8,563 ' 
1,016 

812 

2,425 


LOGWOOD or Campeachy is obtained from the barked trunk of a tree (Ecematoxylon 
campechianum ; Fig. 42^ shows twig, leaves, flowers, and seeds) which grows in Central 
America and in the Antilles, the best qualities being those of Honduras, San Domingo, 
and Jamaica. Just as the consumption of indigo has not diminished in spite of the com- 
petition of the numerous artificial aniline and alizarin colours, so also the use of logwood 
in dyeing tends to increase, although not in similar proportion to that of the artificial 
dyes. The wood arrives in Europe in logs weighing 150 to 200 kilos, which are sawn into 
short pieces, chopped and reduced to chips or raspings ; more rarely they are ground. 

The colouring-matter of logwood was studied by Ohevreul in 1810, by Erdmann in 
1842, and by Hess and Reim in 1871. It consists of a glucoside which occurs in the fresh 
wood and which, perhaps by simple fermentation or by the action of water and air, separates 
the base of the colouring-matter, Le. Haematoxylin, CieH 90 ( 0 H) 6 , and this, under the 
influence of atmospheric oxygen {best in presence of alkali), gives the colouring-matter 
hmmaUm (which dyes with metallic oxides), QisH^Oe, 2H being thus lost. H^atein 
zs moderately soluble in water, alcohol, ether, or glacial acetic acid, and insoluble in chloro- 
form or benzene. In ammoniaeal solution it assumes a purple-red colour, which becomes 
broTO in the air. By reducing agents (HgS, SO 2 , Zn + HCl, &c.) hsematein is decolorised 
without, however, giving hs&matoxylin. 

Hematoxylin is probably 3 ; 4:3'; 4'-Tetrahydroxyrufenol : 


OH 0 


\/\/ 

CH 


to -OH 


; 4 ). 
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LOGWOOD, ARCHIL 

and IifBmatein would have a quinonoid formation in place of the hydroxyl of the 
first nucleus, H being lost together with another H from the para-CH of the second 
nucleus. 

In dyeing, logwood is used in chips or as an extract. The chips are first matured 
(? fermented) by moistening with water, heaping up and stirring every two or three days 
for one or two weeks, care being taken to prevent heating of the mass, which would destroy 
the colouring-matter. The wood changes from a yellowish to a brownish red colour and 
is extracted with boiling water, to which it gives up 2*5 to 3 per cent, of its weight ; the 
solution, which is rich in haematein, is used as it is in the dye-vat. Logwood extracts 
are j)repared by boiling the non -fermented wood with water in open boilers or in autoclaves 
and concentrating the solution in vacuo to 30° 

Be. i these extracts are very rich in hseina- 
toxylin. 

Hannatein is a mordant colouring-matter, Le. 
is fixed and gives intense and fast colours only on 
mordanted fibres, and is generally used for black 
or blue-black shades with various shot effects, 
according to the nature of the mordant: with 
aluminium salts it gives a greyish violet-black, 
with chromium salts blue-black, with iron salts 
grey- black, with copper salts greenish blue-black, 
and with tin salts violet-black. 

A line black is usually obtained by mordant- 
ing, e.f/. wool, for 2 hours in a boiling bath con- 
taining 2 to 3 ])er cent, of ]>otassium dichromate, 

3 to 4 per (!(‘nt. of tartar (or 2 per cent, sulphuric 
acid, 3 per cent, lactic acid, &c.) and 0-5 to 1 per 
cent, of copper sulphate (all calculated on the 
weight of fai)ri<i). The mordanted fabric is well 
washed and cly<‘d in a boiling aqueous bath, to 
which is added tlio dilute logwood extract or 5 to 
8 per cent, of the concentrated extract or the 
matured chips in bags. To obtain black-black 
(coal-black without blue retlection), 0*2 to 0-5 to 
1 per cent, of Ouba yellow wood extract is added. 

Dyeing is followcHl by thorough washing in cold 
wat(w. 

Ootton is first mordanted in the usual way in ^Tia 423. 

a tannin bath (2° to 3° B6. overnight), then 

jiassed into an iron nitrate bath {see Dyeing of Bilk, note on p. 651), rinsed and dyed 
in the hot aqueous bath with logwood and yellow wood. After dyeing the bronze-red 
appc^aranco is removed by a soaj) bath. 

For dyeing silk black, see later. 

Logwood extracts often adulterated with chestnut- bark extract, molasses, dextrin, 
sumacj, &c., and as a rule the best tost consists in dyeing equal weights of mordanted 
fabric with equal weights of the suspected and a pure extract. Sugar (molasses) or dextrin 
may lie detected by precipitating with a slight excess of load acetate and examining the 
filtrate by means of either Fohling’s solution or the polarimeter. 

(jhostnut-bark extract is detected by treating 1 grm. of the extract, dried at 100°, 
with other and weighing the portion dissolved by the ether. The residue is then extracted ' 
with absolute alcohol and the amount dissolved determined. A good, dried extract 
contains 86 to 88 per cent, of matter soluble in ether and 12 to 14 per cent, soluble in alcohol, 
while, if chestnut-bark extract is present, less dissolves in ether and more in alcohol 

Statistics, Bee above* 

ARCHIL is extracted from Boccella iinctoria (2 to 12 per cent.) or from other liohem 
growing on the coast or on b^re rooks in mountainous districts. The red colouring-matter is 
formed after fermentation in presence of a little ammonia, and after the action of atmospheric 
oxygen. Prior to fermentation, the colourless compounds contain roccellio acid (p. 305)’ 
ahd erythrio acid, while, after the deoomposiiaon, oroin {see p. 544) is present ; the latter. 
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■wteu oxidised in presence of NH 3 , gives orceine (see p. 544), which forms violet-red lakes. 
Archil is placed on the market as extract or solid preparation. 

Cudbear (or perseo) is obtained from Lecanora tartarea and dyes wool and silk very 
uniformly in presence of alum, tin salt, and tartaric acid. 

Litmus (or tourTiesol) is formed from orcm by the action of ammonia or soda, and is 
obtained from various hchens {Roccella, tinctoria). The extract is mixed with gypsum or 
chalk and made into tablets, which contain also various colouring-matters {dzolitTuin, 
■erythrolein, erythrolitmin, spaniolitmin). It is very sensitive to acids, which redden it, 
and to alkalis, which turn it blue, and hence serves as an excellent indicator. 

COCHINEAL has been long used as a colouring-matter and is the female of the insect 
Coccus cacti, which Hves on the cactus of the Canary Islands, Algeria, Java, Guatemala, 
4 fec. When the insect is three months old (weight = 0 *0065 grms. ) it is killed with hot water, 
(blctch grain) or in an oven {silver grain). The colouring- matter is Carminic Acid, Gi 7 Hi 60 xo* 
The dry insects are powdered and extracted several times with boiling water, the dye-hath 
being prepared with hot water, 3 per cent, of oxahe acid and 1*5 per cent, of tin salt ; the 
wool is immersed in this for at least 30 minutes at a boibng temperature. The wool may 
be first mordanted separately with oxalic acid and tin salt and then dyed in the ac|ueous 
eochineal. Italy imported 47 quintals of cochineal and kermes in 1906 ; 24 in 1908, and 
33 (£330) in 1910. 

YELLOW WOOD or Cuba Wood {Old fustic)!^ obtained from the trunks of Morus 
tinctoria or of Maclara tinctoria of the West Indies, Brazil, and Mexico, the best kinds 
being, however, those of Cuba, Tampico, Porto Rico, and Jamaica. The colour may be 
extracted from the wood by means of steam, and the concentrated extract contains a tanning 
material {maclunn), since a brighter yellow is obtained on dyeing if a little gelatine is added 
to precipitate this tanning substance ; if this is not done, prolonged boiling gives dark or 
brownish shades. Although Cuba yellow dyes pure fibres directly, really fast colours are 
obtained only by chrome mordanting, &c. ; hence Cuba yellow is used together with 
logwood or even alizarin or anthracene colouring-matters. 

Statistics* Bee above. 

QUERCITRON is sold in small chips or, better, as a coarse powder obtained by grinding 
the bark— freed from epidermis— of Quercus tinctoria ahd Q. nigra, which grow in Penn- 
sylvania, Carolii^a, Scotland, France, and the South of Germany. 

The dilute aqueous extract does not keep, and must hence be used immediately. 
Ohevxeul separated from the bark the compound Quercitrin, C 2 iH 220 ii H- 2 H 20 , which when 
boiled with acid takes up 1 mol. H 2 O, giving Quercetin, CX 5 H 10 O 7 , and IsodulcitoI,CeHx^O(j. 
Quercetin is 1 : 3 : 3' : 4'-Tetrahydroxyfiavanol, 

OH CO 



O OH 


it dissolves in alkaH, giving an orange-yellow coloration and yields phloroglucinol and 
profcocatechuio acid when fused with alkali. It is sulphonated by concentrated sulphuric 
acid, forming a direct dye for wool. 

It dyes more especially animal fibres (wool) either previously mordanted or with air 
alum or chrome mordant added to the dye-bath. Similar behaviour is shown by flavin, 
which is a more concentrated preparation of quercitron and contains quercetrin and 
quercetin. 


Natural INDIAN YELLOW is still extracted in Bengal from the evaporated residue 
of the urine of cows fed on mango leaves. It contains a hydroxyl derivative of xanthone, 
namely, Euxanthone, as glycoronic ester {eumnthime acid, QL 9 H 18 O 4 ), which is decomposed 


by hot hydrochloric acid into Euxanthine, 0 i 3 H 804 or 


*0—1 JOH 


(obtained 


synthetically by condensing hydroquinonecarboxylic acid with ^-resorcylic acid). 

N^itural Indian yellow functions as a mordant dyestufi, but is now scarcely used for 
textile as it is not very stable to light. 
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CHLOROPHYLL 

BRAZIL WOOD or Red Wood is obtained from the trunk of Cwsal/pma hrasiliensis 
and other varieties. The colourless glueoside it contains gives, on fermentation or when 
treated with acids, glucose and Brazilm, Ci6Hi405or C6H3(0H)2-C4,H40 ’0(511502, which 
IS coloured carmine by alkali and decolorised by acids or reducing agents , it gives intensely 
coloured lakes and oxidises in the air, forming Brazilein,Gi(5Hi205, while with concentrated 
nitric acid it givess trinitroresorcinol and, when fused with alkali, resorcinol. It is a red 
mordant (alum or chrome) colouring-matter, but is only slightly fast to light. 

Ih’azilin seems to have a constitution analogous to that of haematoxylin {see p. 666) 
with a hydroxyl group less in the first benzene nucleus, brazilein being apparently the 
corresjionding quinonoid derivative similar to hsematein {see above). 

SANDALWOOD is.tho wood of Pterocarpus santalimis, which grows ni Madagascar, 
tropical Asia, and Ceylon. Santalin or Santalic Acid, Ci7Hi(j06, which forms the colouring- 
matter of this wood, occurs in abundance in other plants (in barwood or BapMa nitida of 
Siiu'ra Leone and in camwood or kainhewood from West Africa). 

Santalin gives resorcinol, acetic acid, &c., when fused with alkali, but its constitution 
is not yet cst<iblished. It is a mordant colouring-matter, like logwood, and was once used 
with alizarin to dye cotton red. 

CATECHU (or Cutch) and GAMBIER are extracted from various plants of India, 
Bengal, Malay, &o. (palm, mimosa, Riibiacem, Acacia catechu^ Areca catechu, Uncaria 
(jamMer, &e.). They contain iannin and colourless catechol, partly combined to a brown 
colouring-matter. When fused with alkali, they give phloroglucmol, pyrocatechol, and 
protocatechuie acid. Witli various mordants they give stable browns or olives, which 
do not, however, withstand chlorine or alkali. On cotton they give reddish or yellowish 
brown (uilours wliieJi become fast to light after treatment with alkali dichromate at 60^^’ 
to HP {khaki us(*d for uniforms in the British, German, and Italian armies). 

Nowa.days n much faster khaki is obtained by impregnating the white fabric in a cold 
concentrat.t‘d bath of pyrolignite of iron, chromium o-cetate, and a very small proportion 
of mangani‘se (ihlond(\ drying |t thoroughly, immersing it in a boiling bath of caustic 
soda/ (IP Be.) and a little sulphoricinate, and oxidising in a hot-air chamber or by means 
of dicliromate solution. With a less concentrated soda bath or one not boiling, the metallic 
oxides would be precipitated superficially on the fibre., and the dry fabric would bo dusty 
and would w<’ar out sewing needles. 

This khaki is very fast against light, scouring, and chlorine, but docs not resist perspira 
fion (test witli a mixture at P l^e. of hydrochloric, formic, and acetic acids for 5 hours). 
Fastness to perspinition is given by boiling the dyed fabric for 2 hours in a silicate bath at 
iP to 7^“’ Be. 

Statistics, Fee above. 

CHLOROPHYLL is not a colouring- matter for textiles but is the green pigment 
whicli occurs in many plants (those which assimilate OO2) and brings about the transforma- 
tion of the carbon dioxide into starch in the leaves under the action of sunlight— especially 
of certain rays of th(^ spi'ctrum— and apjiarently also with the help of an enzyme (Will- 
stattcr and StolH 1911) known as Chlorophyllase. With starch, wax, &c., it forms the 
eharacieristio chlorophyll granules of green loaves. 

It is Holubli^ in oil, alcohol, etlu^r, or chloroform, its solutions showing blood-red 
1luoreHcene(‘ and readily undergoing change. Its constitution is still uncertain, and it 
does not afipc^ar to contain combined iron as was formerly thought. Following the 
iudicaiions of the botanists Borodin (1882) and Montovordo (1893), Willstatter and 
Benz (1908) obtained a pure ohloropbylP (2 grms. from 1 kilo of dried loaves) in dark, 
bluish blac’.k crystals with a metallic lustre, which are insoluble in petroleum ether 
but soluble in alcohol or other, giving a bluish fluorescence. The green solution of this 
product, which exhibits the same spectrum as the chlorophyll of fresh leaves, is turned 
brown by alkali, but again becomes green. Its formula is probably C56H720fiN4Mg, and 
the magnesium present (3 per cent.) is perhaps the cause of the catalytic action effecting the 
transformation of CO2 into starch ; it does’ not contain phosphorus, as many, including 

1 Aa chloropliyll readily undergoes change, it is extracted in the cold with methyl alcohol from the carefully 
dried, powdered leaves (Willstatter), previously washed with petroleum ether. In order to separate it from 
other colouring impurities, its alcoholic extract is suitably diluted and extracted with ether (benzene or carbon 
disulphide), many of the impurities remaining dissolved in the alcohol ; or the alcoholic extract may be shaken 
with a large amount of water, which dissolves the chlorophyll in the colloidal state, the decanted aqueous solution 
being treated with salt and extracted with petroleum ether containing a little alcohol. From this solution the 
chlorophyll is deposited pure if the whole of the alcohol is eliminated by washing, 
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Stoklasa, have thought. Acids remove all the maguesium, the I'esidue being Phoeophytin, 
which is similar to ohiorophyll, is ethereal in character, and forms various pioducts (e.j/. 
phytol, 'phytocJilorin, and phytorodin) when hydrolysed with alkali. Phytol forms one- 
third by weight of the chlorophyll of plants and is a primary, unsaturated, monohydric 
alcohol, C20H40O. Plants produce also an amorphous chlorophyll which, unlike the other, 
gives phytol on hydrolysis. It is thought that it is analogous in chemical composition 
to the colouring-matter of the blood (see later), since both yield pyrrole when distilled with 
zinc dust. WiUstatter andlsler (1911) showed that chlorophyll contains two colouring- 
matters : (a) bluish green and (6) yellowish green, thus confirming the hypotheses of 
Stokes (1867 and 1873) and of Tswett (1906) ; the two colours are separated by more or 
less dilute alcohol. Chlorophyll is used m practice to colour oils, soaps, fats, preserved 
vegetables, &c. ; it costs 85. per kilo or, for the highly purified product, 8O5. per kilo. 

XIL SULPHUR COLOURING-MATTERS. These colouring-matters, which have 
been discovered since 1893, are very fast on cotton, which they dye directly without a 
mordant, but in alkaline and reducing solution (sodium sulphide and sometimes a little 
glucose) which prevents. any unevenness which might be produced in the colouring owing 
to contact with the air. The sulphur colouring-matters do not dye wool or silk in presence 
of sodium silicate (or of blood or diastofor), so that two colours can be obtained on wool 
and cotton fabrics, the wool being dyed first with an acid dyestuff and the cotton subsc 
quently with a sulphur colouring-matter in a bath of sodium sulphide and silicate (or 
blood or diastofor). 

They are obtained by melting together sulphur or sodium sulphide and various other 
colouring-matters or other organic compounds. Cachou de Laval has been known since 
1873 but has been used hut little It was obtained by Croissant and Bretonni^re by fusing 
sawdust, bran, or tbe Hke with sodium sulphide. In 1893 the discovery of Vidal black 
turned the attention of manufacturers to this interesting group of colouring-matters, which 
now include almost all tints except red, and are obtained by fusing with sulphur or sodium 
sulphide, derivatives of benzene, naphthalene, diphenylamine, anthraquinone, &c. These 
colouring-matters are placed on the market by various firms under different names, although 
their compositions are practically the same : the firm of Cassella calls them immedial 
cabws ; the Bayer Company, hatigenic colours ; the Badische Company, hriogenic colours ; 
the Berha Aktien-Gesellschaft, sulphur colouring-matters, &c. The constitution of these 
colours has not been jfirmly established, but during recent years a little light has been 
thrown on them. According to Sandmeyer (1901) they are derivatives of Piazthiol, 








\/ 
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:S, the compound soluble in sodium sulphide having the constitution 


\/ 


; but nowadays other interpretations have been given. 

==3sr/ 
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When diphenylamine-derivatives are fused with Na2S, black colouring- matters arc 
preferably formed, with aminohydroxydiphenylamine derivatives and the corresponding 
N-alkyl and ISf-aryl compounds blue colours are obtained, while in presence of stable 
metasubstituted compounds, brown or yellow colouring -matters are formed. 

In general the reaction takes place with preliminary formation of aromatic mercaptans 
or polymercaptans (in the ortho-position with respect to N or to 0), which give further 
condensation products, e.^. black derivatives of thiodiphenylamine (of thiazine), 





and yellow or brown colouring-matters derived from thiazole 


(see above), 



\As/ 
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They form insoluble condensed products (disulphides) with the oxygen of the air, these 
being rendered soluble again by alkaline reducing agents (sodium suljDhide, hydrosulphites, 
&o.). The fixation and development of the colour in the cotton fibres consist simply in the 
oxidation of the mercaptan to disulphide. The black or blue sulphur colouring-matters are 
quinonimino-derivatives of the thiazine group. These colouring-matters are now used in 
large quantities, the production of sulphur hlach alone in 1909 being estimated at nearly 
5,000,000 kilos. It has been proposed (1909) to render them faster to washing by treatment 
with formaldehyde or by immersion in a nickel sulphate bath. 

TESTING OF COLOURING>MATTERS 

Of the thousands of colouring-matters sold by different firms under most varied and 
fanciful names, the majority represent, not chemical individuals, but intimate mixtures 
of several colours which give directly the tints desired. 

The colouring-matters obtained at the end of the manufacture by precipitation or 
separation from their solutions by means of salt (just as with soap) are not sold in the pure 
state, but are diluted with 50 per cent, or 75 per cent, of finely ground sodium chloride or 
sulphate. A mixture may be distinguished from a chemical individual by the following 
simple test : a few milligrams are blown in a cloud from a watch-glass and are caught 
on a moist filter-paper spread on a sheet of glass at a short distance from the watch-glass. 
If the filter-paper were not too moist, it shows on drying isolated, swollen points of colour, 
the uniformity or non-uniformity of which is readily seen. A variation of this test consists 
in sprinkling a little of the powder on to the surface of concentrated sulphuric acid contained 
in a fiat porcelain capsule. 

The use of the spectroscope has been suggested for differentiating between various 
groups of colouring-matters, the positions of the absorption bands being observed when 
white light is ])assed through an aqueous or alcoholic solution of the colouring-matter of 
definite concentration contain ed in a glass vessel with parallel glass walls. The spectroscope 
is now, however, scarcely over used, owing to the uncertainty of the results obtained ; but 
it is useful in detecting the colouring- matter of the blood (see later Hiemoglobin). 

The qualitative analysis of colouring-matters for the detection of the principal groups 
may bo carried out according to the method of A. G. Rota^ or to those of Weingartner 
and Green. The latter, which arc largely used, are briefly as follow : 

L COLOURING-MATTERS SOLUBLE IN WATER. (A) If the aqueous solution 
gives a precipitate with a solution containing 10 per cent, of tannin and 10 per cent, of 
sodium acetate, the presence of hasic colouring ‘matters is denoted : 

(1) If the solution of the colouring-matter is reduced with zinc dust and dilute hydro- 
chloric acid, a few drops of the decolorised solution are placed on a piece of filter-paper : 

(la) The reappearance of the original colour of the substance when the paper is waved 

» Uota's motliod, oxtonded by Buzasl (1911), for analyHinf? colouring-matters consists of four series of tests : 

.d. 'rhis is based on tbe usually ciuinonoid character of these matters and hence on thoir behaviour towards 
acid reducing agents, preferably staunous chloride ; the alkaline reducing agents do not serve well, as with all 
colouring-matters they give leuco-derivativos which are not very characteristic. 

The behaviour with SuCh + 1191 permits of the division of all colourmg-maiters into the following four 
groups : 

I. Those which aro d$compoud may contain the following chromogons (p. 647) : 


0 0 



II. Those whioh are to colourless Icuoo-compounds, which can be reoiiiMi$6d, contain the chromogon 

<p. 647) : 



(or 0) 
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in the air indicates azines, oxazines, thiazines, and acridines, i.e. according to the colour, 
pyronine, safranine, rosmduhne, phosphine, benzoflavin, induhn, &c. 

(15) If the original colour appears but weakly or not at all, but is formed immediately 
on moistening with a drop of 1 per cent, chromic acid solution, the colouring-matter belongs 
to the rhodamines or to the triphenylmethane group ; .... 

(Ic) The non-appearance of the original colour under any conditions indicates auramine, 
thioflavin, chrysoidin, Janos colours, Bismarck brown. 


III. Coloiiniig-mattcrs which are neithei leduced nor decomposed, but have a basic character and aie partly 
decolorised or precipitated by caustic soda, contain the chromogens (p. 6-i7) : 
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IV Those which are neither reduced nor decomposed, and have a phenolic character (feebly acid) and aie 
increased in colour and solubility by caustic soda, contain the chiomogens : 
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Groups HI and IV ahvays contain the chromophore and to these belong the acridines, the thiazoles, 

theaurammes, the rosanilines, the pyronines, the rosammes, the phthaleins, the rhodamines, the hydroxyacetones, 
the hydroxyanthraqumones, the coumanns, flavone, flavonal, &c. , . , 

B. To distinguish between the different chromogens of the separate groups, other special reactions are used, 

foiT * 

The acridines, with concentrated sulphmic acid, give a fluorescence resembling that of petioleum. 

The ( 7 eo-dyestiiffs, wuth concentrated nitric acid, regenerate the respective diazo-salts 

The hydrcxyacetonic, hydioxyqinmnic, &c., colouring-matters are precipitated as lakes by stannous chloiicle 
and subsequent treatment with sodium acetate. 

The transformation of azo- colouring-matters and their derivatives into tliiazole (polyehromin). 

The conversion, by special reagents, of one colouring-matter into another, e.g. gallem into ccerulein. 

C. After the restriction of the colouring-matter to one of the four groups, and after the various tests for defining 
more exactly the charactei of the chromophore have been carried out, the process of identification is continued by 
means of systematic dyeing tests which vary with theauxochromes and salt-forming groups (see p. 649), imparting 
to the colouring-matter a basic, acid, phenolic, substantive, or a mixed character, such as basic phenolic, acid 
phenolic, substantive basic, substantive phenolic. 

The group with azo-cliromophores contains, for example, Bismarch hrown, which is basic (see p. 656) ; metaml 
SO3H 


yellow, 
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; which is acid ; alizarin yellow R, 


stantive ; clromotrop %R, 


^OH, which IS phenolic, Congo led (see p. 657), which is sub- 
CO2H 

S O3H 

^ — 27H — 27= ^=0, which IS acid phenolic ; carhazole yelloiv. 
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/ NH—27=<^ ^ = 0 
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, which is substantive-phenolic in character. 
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h aSioii-piecTpitalion of the solution by taiinia, (!tc (sec above) denotes the presence of 
and coloKnng -matters 

(2) The solution of ilie colour is reduced as in (1) or with Zn ^ and a drop placed 
on a. strip of paper : 

(2a) The reappearance of the original colour on shaking the }>aper in the air indicates 
sulphonic or mordant, dyes of the groups of azinos, oxazines, thiazincs, soluble inclulm, 
nigrosins or azocarnnne, thiocarmine, indigo-earinine, gallocyanine, Mikado orange, 

(26) If the e-oloration reappears only after treatment with chromic acid or ammonia 
vapour, th(‘ original ac[ueous solution is acidified with suljihuric acid and shaken with 
ether ; coIora,tion of the ether and complete or almost complete decolorisatioi\ of the solu- 
tion indicatt\s phthaleins or auraminos, while non-coloration of the ether shows triphenyl- 
methano dyes. 

(2e) Non- coloration of the paper even when heated in a flame or treated with ammonia 
vapour points to azo-, nitro-, nitroso-, or hydrazine-colours, which, when burnt in powder 
directly on a platinum foil, give coloured vapours (c.g. najihthol yellow S, picric acid, Victoria 
yellow). 

(2d) If on reduction the solution is not decolorised but becomes reddish brown and in 


In the Kroup witJi hydroxyazuK' {‘hromophon'.s arc, for Instance, Mehlola's Uiw^ 


('i(crr,)oN 0 


, which iH basic, gdllonianim' {see 601), 
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which IS basK‘-i)hcnolic m chaiactcr. 

So, also, the ihiazinc gionp {see p. 061) contains methylene bine, which is liasic, and tluneaemhie, winch is acid 
'I’hc dyinnij; ti'sis aic inad(‘ m liot neutral and acid baths, in (‘acli ot winch tour samples aie iinmciscd, namely, 
cotton, cotton mordanted with tannin, wool, and wool mordanti'd with dichiomate (foi tlic mordanting?, see pp 051 
and 700) 'I'hi* moic oi h'ss uitimsc coloins assumed by the sampU's kivc indications con(*ernin)j; the character 
ot the colouini(j:-inatitcr {see j). 050), and coiiUimation of this is oldaiiicd by vaiions tests on the ilycd fahiic : 

(a) 'Ph(‘ eohne >8 SKhstanfire if, wticn the dyisl samph^ ot iiat.uial wool is heated in faintly alkaline water, the 
c'olour passes to the w'hiii‘ cotton placed in tin* same hath , 

{b) 'rhe eol<na is tteUl if the chaiiKi^ indicated iii a is not obsmved, and if, when tlic hath is aoidiftcd, the wool 
takes np the colour it gave up to the alkalui(‘ bath , 

(c) colour iH bosie if in bath (o) the colour passes fiom the wool to a sainpli' of white cotton mordanted with 
tannin , 

((/) 'rh(> eilour is phen'ille if the tint on inordanttsl wool vanes wntli the natun* of tlic mordant. 

Tests may also In* mad(‘ on the solution oi the eoIoiinuK-matter , thus, if il, is piveipitati'd by tannin or pierio 
acid, th(‘ eolonr w bnsir : if ethm* (‘xtraets the eolouriiiK-niatti'r m an acid nu^dnun, tli(‘ eolow isphenohe, whereas 
if ethi‘r extiuets th(‘ eolomed base in an allvaline mislium, the colour w basic. 

If it IS eHfablislu*(l that, the colouring-matter, containing a givi'u ehromophore, is basic in nature, all acid, suh- 
stantivt*, phmiolie, Ac., eolonnng’niattiTS with the same ehromophore are exeludiMl. 

I). Foi the furl tier individiiahsation of thi' eolouring-mattiT, useful intormation is given by the following 
reaidionH eharaetiTistie of the HUhstituent radn^als. 

The N II a group is lecogmscd by diazot.ising and then eouphiig {see p. (558), by which means a new azo- colouring- 
matter is forui<‘d, or by boiling the diazotisi'd pioduet with wati^r, the formation of the Oil group bong shown 
by the inereaHCil solubility in NaOll compared with that of the original eolom. 

Till* more or h'ss basic groups are imheated by the great(*r or less sensitlvenesB of the solution to mineral acids 
The NfOfls)® group is Hensitive, as seen in methyl violet and methyl orange , 

The Nflg group is less sensitive, ns in hieUHlni* and acid yellow ; 


The group -NIT- 




is less s(‘nsit ivc still, as in aniline blue and metanil yellow. PlfForont colorations 




with ditrenuit en no ent rations of aod indicate several salt-forming groups. 

To eompleti* the eharaetf‘nHation of a colouring-matti'r, the latter must be tested for halogens and nitro-groups. 

Thus, to distinguish alizarin yellow U {see uhore) from diamond yellow ('/, COglfs^^ ^OH, the 


COfiH 

nitro-group is tested for by reiluetion and diazotisation, its presenec indicating alizarin yellow. Other colouring- 
matters are differentiated by testing for chlorine and bromine I'he azo-dyestuffs arc characterised also by the 
formation of the corri'spondmg diazonium nitrat(*s when treated with concentrated nitric, acid 


HOaH 



/ N-- N-NO.+NO,;;^ ^OH 

SO.H / \ 


then by testing for dtazo-componnd with is-naphthol and ascertaining the solubility of thp nitro-derivative, the 
position of the sulphonic group In the molecule may be determined. 

The Tables given on pp. 674-679 afford considerable help in tho rapid characterisation of colourmg-matters. 

11 43 



RECOGNITION OF THE PRINCIPAL DYES ON FIBRES 



Yellow Colours on Wool 
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ABBRETlATlOKe : B=blue, Bl= black, Br=browii, D=decolorised or colourless, F=flbre, Gn^green, Gr=grey, M= mordanted, M. cr. = ehroine mordanted, etc.. 
0=orange, B,== red, r=rose, s=solution, un.=unchanged. V= violet, Y=yellow, +=more or dark, — -^less or faint. 
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the air regains its original colour more or less, alizarin S, alizarin blue S, and the like are 
indicated. 

(2e) Complete or almost complete failure of Zii + NHg or Zn H- HCl to decolorise the 
solution shows thiazole yellow, mimosa, quinoline yellow S, primulme, thioflavin S, chlor- 
amine yellow, &o. 

II. If the colouring-matter, in a little w^ater and HCl, is precipitated and gives an evolu- 
tion of SH 2 (detectable with lead acetate paper), and is redissolvcd in 10 per cent, sodium 
sulphide solution, the presence of a sulphur dyestuff is certain. 

III. If the colouring-matter is insoluble in water, it is moistened and treated with a 
couple of drops of 5 per cent. NaOH solution : 

A. If it dissolves it is reduced with zinc dust and ammonia and a paper streaked with 
it : (1) The rapid reappearance of the original colour in the air shows cmrulein, gallocyaninc, 
gallein, galioflavin, ahzarin blue, black, or green ; (2) the non-appearance of the colour 
in the air indicates alizarin derivatives, alizarin itscM, mtrosonajihthol, mtrosorcsorcinol, 
Soudan brown, &c, 

B. The colouring-matter does not dissolve in NaOH but is soluble in 70 per cent, alcohol: 
(a) the solution shows fluorescence, which with 33 per cent. NaOH solution cither disappears 
(Magdala red) or does not disappear (alcohol-soluble eosin, cyanosine) ; (6) the solution 
is not fluorescent and is coloured reddish browm by 33 per cent. NaOH (alcohol-soluble 
indulin, alcohol-soluble mgrosin, alcohol-soluble aniline blue) ; (c) the solution remains 
fluorescent (indophenol). 

0. The colouring-matter dissolves in neither NaOH nor 70 per cent, alcohol [indigo, 
alizarin black, sulphur colours (soluble in sodium sulphide)]. 

Green (1905) has shown that the diflerent groups of colouring- matters may bo 
characterised by their behaviour towards the compound of sodium hydrosulphitc with 
formaldehyde. 

RECOGNITION OF THE PRINCIPAL COLOURING-MATTERS ON DYED FIBRES. 

When the nature of a colouring-matter is to be studied, a dyeing test should always bo 
made first (see later) and the tests described below carried out in the cold on the dry, dyed 
fabric, a small piece (about 1 sq. cm.) being treated in a porcelain dish with 1 to 2 c.c. of 
the reagent and any change observed. In testing with nitric acid, one or two drops of 
the latter are placed on the fabric and the colour of the drop and that of its edges noted. 
The hydrochloric acid solution of stannous chloride is prepared by dissolving 100 grins, 
of the latter in 100 grms. of the concentrated acid and 50 grins, of water. Abbreviations 
of the names of the colours and of the changes produced arc used, and when a compound 
colour is formed, it is indicated by the two fundamental colours conqiosing it ; tJms 
combination of red (R) and yellow (Y) gives scarlet (RY), green (Gn) and brown (Br) give 
olive (Gn Br), &c. (see Note at foot of Table, pp. 674 et seq.). 

To ascertain if an indigo dye on wool contains also logwood or sandalivood, a piece of 
the fabric is heated with dilute nitric acid (1:6); indigo alone gives a stiuw-yellow, while 
in presence of either of the other colouring- matters, a more or loss brownish colour is 
obtained. Or the shredded dyed textile is heated for an hour with fused phenol on the 
water-bath, the phenol being decanted ofl, the operation repeated with fresh phenol, and 
the material washed two or three times with strong alcohol and pressed. If the wool were 
dyed with pure indigo it will be quite white, but if there were threads dyed with other 
colours (e.g. anthracene blue, sandalwood, &c.) these are seen under the microscope to 
be still coloured. 

According to E.'Knecht (1909) the indigo on a cotton fabric may bo determined quant i- 
tatively as follows : 4 grms. of the fabric, cut into pieces, are dissolved at 40” in 25 c.c. 
of 80 per cent, sulphuric acid ; the volume is then made up to 120 c.c. with water, the 
indigotin of the soluble sulphate being thus precipitated. ^ This is collected on a Gooch 
filter, dried at 110” to 115” and weighed. It may be redissolved in a little sulphuric acid 
by heating on the water-bath for an hour, the indigotinsulphonic acid in the diluted 
solution being titrated with permanganate. The presence of basic or sulphur colours 
does not interfere with the estimation, since these either remain dissolved or are 
decomposed. If the fabric has a coating of manganese dioxide, it must first bo dissolved 
in bisulphite. 

p-N%tranihne red may be distinguished from other reds (Turkey-red, benzo purpurin, 
pnmuline, &c.) on cotton by heating the fabric at one point over a small flame ; a clear 
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Spot IS formed and part of tlio colour sublimes on to a piece of paper placed above the 
fabric. The spot does not resume its original colour either on cooling or on moistening 
(Knecht, 1905). 

TEXTILE FIBRES 

Before a descrj[)tion is given of the processes and plant used hi dyeing textile fibres, 
the pJiysico-chemieal [iropcrties of these may be outlined. 

WOOL. Only sheep and certain goats furnish true w^ool used m the great textile 
industries. The wool fibre is readily distinguished 
from the hairs of other animals by its softness and 
fineness and by its wavmess and curling, which can 
be seen with the naked eye. Also under the micro- 
scope a marked dilferenco from all other hairs is easily 
discernible (Bigs. 424 and 425). The whole filament 
seems to be composed of closely superposed scales, 
which are more or less large according to the quality 
of the wool. It IS the saw-like or serrated structure 
of these scales which explains why wool readily 
forms a fc^lt. when rubbed, the filaments becoming 
more or less lirmly attaclicd one to the other. ^ 

The quality of a wool is closely dependent on the 
breed of sheep producing it and only partially on the 
climate, food, and age. The yield of wool is 
greatest from the second to the sixth year. The 
liner wools, furnished generally by the merino breed, 
are long, slemk'r. soft, and very wavy and form the 27 jg. 424. 

so-called combing woo! for the best woollens. Shorter 

wools cannot b(‘. (joiidx'd but only carded (Sdeaian, Ha.con), although nowadays nearly 
all could be comlied with the iiufiroved machinery available, and a large part of the carded 


1 II 111 IV’ 



Biu. 425. 



» 'I'hi' (»f Uk' W(H)1 iH)V(>nii« i\w hlu'i'p ionm lln‘ fleece, whidi is kopt I'ut'iu*- I'p'n after hhearmw (thib w 
done in May) owing io tlie nealy Htni<*ture of tlm fllaiiu'niH. Wool obiahu'd by Hheariug twice a yinir ib called 
hmtosc, while that from hlaiigliteu'd hhe(‘i) is termed aktn (eoof and freijucntily eoiitaiiis d<‘ad lialrH, which have 
Id, tic alllnity for colouriiig-mat<.<TH and arc often impure owing to the uhc of lime, arKemc, Ac., an xircBervaiiveH. 
jn the bh(‘(‘p iH waHhed in the tank before Hlnwing, ilie wool ih known an umhed, the other being called %n grease or 


'riu‘ llee-ee (weighing to d kilos) eoutalus dilferent part.s of dilferent (pialities and these the sort.ers separate 
by cutt ing In om^ and t li(‘ saim‘ llei'ce i h<* tlnest wool is t hat of thii shoulders, then comes that of the neck, stomach, 
llknkK, ami back, the poor<‘ht duallth's being those of the head and li^gs. Civtain African sheep (Morocco), and, 
to Boim^ extent, the- Idneoln, he'wMev, and Welllngtou breeds give long, coarse, and only slightly curved fibres, 


which are used for sp(‘cial fahrh'S and for mattresses, . , , , i 

^Merinos are indigmious to the plains of Kstremiulura and Andalusia (bpaln), where they wore jeaioubly 
guarded for some cmituries, exportation being prevented. In the niiu^teenih century the hpaiuards ^ f Ives 
introduced them into th<‘ Argentine, where thiei^ principal typ<‘s w(‘ro d(‘veloped : 

and a similar result followed the coucessionH made, to France and Hwedmi. The English introduced them, with 
great success, into AnstTalia and Cape Colony. The Beetoral bre(>d originated m merinos which were imported 
in 1700 into the Klectorate of Hesse, and spread into Bllesia, Baxony, WiirLomberg, Hanover, Moravia, and Hungary , 
it now furnishes a large proportion of the raw material of German and Auatiiau wool factories. , , 

In England the Cheviot brood has assumed considerable importance and yields a long, yoUowisn wool, 
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wool is obtained from shoddy.^ The lengths of wool fibres vary from 4 em to 30 cm. 

and the diameter from 0*014 mm. to 0*06 mm. The finer wools (merinos, Fig. 424) have 

as many as 13 waves per centimetre, while the more ordinaiy ones have only 3 (Fig. 424 Z?, 
natural size). 

The number of sheep in diiierenl eoimtri(‘S m 1 {)0() was as follows (m millions): Australia, 
72 8 ; Argentine, 74 4 ; Russia, (>1 5 , United States, 50 (i ; England, 29 2 ; New Zealand, 
20 1; Uruguay, 17*9; France, 17*8; British India, 17*0; Spam, 13*3: CapcUolony, 
11*8; Algeria, 9*1; Hungary, 8*] ; Germany, 7*9; Italy, J12 (m 1908); Bulgaria, 
6*9 ; Roumania, 5 7 ; Mexico, 3 4 ; Servia, 3*1 ; Austria, 2 6 ; Canada, 1 *8 , Sweden, 

1*1 ; Noiway, 1 ; Denmark, 0-9 ; Holland, 0*7 ; Natal, 0 6 ; Belgium, 0*2 ; Switziu*- 

land, 0*2. 

The world's production of wool in 1903 was about 1,300,000 tons, namel}’, 450,000 in 
Europe, 140,000 in North America, 240,000 in South America, 2500 m Central America 
and the West Indies, 130,000 in Asia, 240,000 in Australia, 60,000 m Africa, and 23,000 
in Oceania. For the separate countries the figures (tons) were as folloAV ; Ihiitcd States, 
130,000; England and Ireland, 60,000; Fraiiee, 48,000; Spain, 4800; British South 
Africa, 47,000 ; Uruguay, 45,000 ; British Tndia, 40,000 ; European Turkey and Balkan 
Peninsula, 30,000 ; Austria-Hungary, 29,000 ; Russia m Asia, 27,000 ; Germany , 23,000 : 
Central x4sia, 22,000 ; China, 16,000 ; iVsiatic Turkey, 15,000 ; xA^lgcna and Tunis, 14,000 ; 
Italy, 10,000 ; Venezuela, 7000 ; Portugal, 6000 ; Noiway and Sweden, 3500 ; ChiJi, 
3500 ; Mexico, 2300 ; Egypt, 1400 ; and Brazil, 700. 

The xWgentine Republic exported less than 18,000 tons in 1860, nearly (KhOOO in 1S70, 
about 98,000 m 1880, about 120,000 in 1890, and more than 200,000 (and 34,000 tons of 
skins) in 1895, while in 1905 the exjjorts were about 191,000 tons of avooI and 27,000 Ions 
of skins, besides 120,000 live sheej) and 8,325,000 frozen carcases. 

The wool exported from Morocco in 1908 was valued at £240,000, that from Algtu’ia 
in 1906 at £720,000 (£640,000 to France), and that from Tunis in 1906 at £100,000. 

The great market for -wool in Europe is at Antwerp, and the price is fixed by auction, 
account being taken of the yields of the various wools (Conditioning, see later) after washing, 
some of them losing 40 to 70 per cent of their weight owing to the removal of dirt, grease, 
&;c. ; the normal or natural moisture, after washing and drying, is taken as 18*25 per cent. 
The jjrice of raw wool varies somewhat from year to year and even in the same season 


not so fine as iiiciino. Crossbreeds, obtained by ciossing Aigonlmes with Chcviott>, are also laigi'ly bieil in 
England. 

The Bvssmn breeds are derived from pure and Saxon men nos. The coinmonebt vaiieth's are the fifiinfsK, 
mdarslCy uscehovesl, and wnmiovsJc (this m used foi furs). In Fiance the wool of the Biugundy and of tlu' Jb'iiy 
highly valued 

Italian wools, vhicli were once famous, arc now of little importance, and only Apulia, the Tuscan maishes, 
and the Homan province furnish a small pait of the nool consumed in Italj . 

Good woolis also obtained from ceitain breeds of goats, such as those of Cashmir, which flourish in the Himalayas, 
nearly 5000 metres above sea-level They furnish a very fine wool mixed, however, with much white oi grey 
hair ; it is exported to France and Hussia. Tlic Thibetan goat, acclimatised also in Franco and in J3engal, likewise 
yields a valuable wool. The Angora goat of Asia Minoi gi\es milk and a long wool {mohuii) valued for its lustie, 
even after dyeing. 

The vicuna of the reiuvian, Chilian, and IMexican mountains gives a fine wool, used in certain cloths, which 
are now made partly fiom labbit fur (the name vicuna or iigogne yarn is also applied to fabiics of wool and cotton 
which aie quite di&tiiiet from vicuna \\ooI). Alpaca is gioyish, and is fiiinislied by a kind of tall, long-noeked 
sheep {llama) indigenous to Peru Camel-hair, winch is worked like -wool, has coaise fibies, and in its natiiial 
coloiii is woven into certain very stioiig textiles used, tor instance, foi the seats and curtains of laihvay carnages. 

^ Shoddy i?, obtained by disintegiating woollen rags (pievfously sorted with lespect to colom, and separated 
from those mixed w’lth cotton) by means of an openei oi devd foimed of a drum finnished with a mimbei of steel 
points and lotatmg rapidly inside a second, fixed dium also pio\ ided with points ; fiom this the lags issue in shoit , 
floceulent fibres, which are caided and then spun This iiidiistiy, staited m England in 1845 and since then 
extended to other countiies, allows of the utilisation of all w*ooIlcn w’aste (fabiics and yarn) , England alone 
imports from all parts of the w*orld, about 15,000 tons of woollen lags per annum. The colom cd rags may often 
be partially decolorised by boiling them wntli 2 to 3 per cent, potassium dichiomate and a little sulphuric acid 
Admixed cotton (sewmig and other) may be eliminated fiom the lags by so-called caibomsation, which consists 
111 immersing the lags in sulphuric acid (4® to 5® ), centrifuging and heating them in ovens, the tempeiatmo 

of which IS raised to 120® to 140®. In the course of an lioui the cellulose of the cotton is tiansformed into brittle 
hjclioccllulose and partly carbonised, so that it can be easily rcmo\ed by subsequent lubbing oi by w*ashing with 
xvater, this also carrying away the acid from the w*ool, w*liich is not affected by such treatment In some cases, 
hydrochloric acid xapour or alumimum chloride solution is used instead of sulphuric acid The caibonisecl wool 
shows increased affinity for acid colom mg-raatters 

Also woollen fabrics which contain bits or fibres of cotton in such quantity that it is impiacticable to pick them 
out by hand, are carbonised with sulphunc acid or aluminium chloride before dyeing and are thoioughly washed 
after remox’al from the oven 

Decolorised shoddy mixed with new wool can be recognised under the microscope owing to its different colour 
xvliich often recalls the original tint. Italy produces annually 100,000 to 120,000 quintals of shoddy. ’ 
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from about Is, 2d. to 2s, per kilo. Australian wool is worth more than that from the 
Argentine. 

Unwashed wool (Australian w^eiglis about 160 kilos per bale), after sorting, is washed 
w'lth soap and soda at 45^ to 50" m vessels (Laviathans) provided with loose forks for mixing 
and, when rinsed, is dried in revolving drums by means of hot air. The washed (or salted, 
such as Italian or Cape wool, weighing about 110 kilos per bale) wool is thcin carded or 
combed. In some districts the washing is preceded by treatment, with benzene to remove 
the grease {see p. 30')). 

The great European market for combed -wool, not yet spun but wnund into bails of 
4 to 5 kilos {tops), is in France, at Roubaix (and also at Tourcomg and Lille), where prices 
are lixed at auction, although there is a considerable trade in combed wool at Bradford 
and to a less extent at Leipzig. 

These wools are classified, according to their fineness, as A, B, . . . F, the first being 
the finest and the last the commoner sorts ; very fine wools arc marked AA or AAA. 

Before being spun the washed wool is subjected to the operation of hlending, i.c. the 
various qualities of -wool (fine, ordinary, long, short, waste, shoddy, &c.) being mixed so 
as to obtain yarn of the desired count and fabric corresponding with the pricc‘ and quality. 
To facilitate spinning and avoid felting, the wool is slightly oiled (with olive oil, commercial 
oleine, soap emulsion, &c., but not with non-saponifiable substances, such as mineral 
oils or resins, wiiich would bo difficult to remove from the fabric by w^ashing, and would 
Ic'ad to irregular dyeing). In ])assing through the combs or cards, the various fibres arc 
perf(‘ctly mixed and rendered parallel. The coarse strands {fops) arc gradually converted 
into finer but not twisted sf.rands, wiiidi are w'ound on bobbins {prepared) and arc then, 
by means of ingenious, self-acting machines of enormous capacity, spun to the desired 
fineness to give, when twisted, yarn of the required count. ^ During spinning, the air of 
the room must be kept moistened with w^atcr vapour (sec vol. i, ]). 291 ) to prevent the ])arallcl 
fibres from diverging and giving a non-uniform yarn. {Satisfactory w'cavmg also requires 
a certain degree of moisture. 

Italy's imports and exports of w^ool (raw% carded, combed, spun, w^oven, &c.) from 
1905 to 1910 were as follow: 



1905 

1906 1 1907 

1908 3909 

1910 

Iiiqiorts. quintals 
Exports, ,, 

184,936 

59,164 

202,834 

47,996 

228,020 

38,802 

257,808 

28,348 

205.043 

30,351 

278,432 (£6,730,000) 
41,097 (£1,04.3, .500) 


Woollen yarns of counts above 10 (iiitcrnational) pay 526\ per quintal on entry inf.o 
[taly, while combed wmol fabrics weighing less than 200 grms. per sq. metre pay £10 per 
quintal. The quantity of wool consumed (production + importation — exportation) m 
Italy was 20,160 tons in 1880 and about 28,000 m 1905. 

The imports of raw wool into Japan were : 1700 tons in 1894, 9622 tons (£1,028,000) 
in 1904, and 10,240 tons (£1,880,000) m 1007. 

Chemical Properties of Wool. Pure wool consists of C, H, 0, N, and S, the last varying 
somewhat in amount and being partly removed by rcjjeated washing in boiling water, 
[f, is lienee hnjirobablo that wool consists of a single (4iomical compound (it w'as at one time 
thought to be keratin, containing 4 to 5 ])er cent. {^, Imt f liere appear to be other substances 
also). In 1888 Richard show^ed that I he compounds forming w^ool eonfain NR 2 and NH 
groups. In a solution of alkali or a sail', wool fixes chemically part of the alkali or salt. 

( lonceiiirated alkali dissolves wool, forming ammo-acids, the most important being lanugic 
acid, which was isolated by Knccht and Applcyard and exhibits the same behaviour 
towards colouring-matters as does wool. 

^ The Count of Yarn, either cotton or wool, is gnen by the niiiubcr of lalomctrcB weighing 1 Iclo (international 
count) or half a kilo (French count). In Great Biitain, the count icpicscnts the number of hanks of 840 yaids 
(1 yard = 0 914 metre) pei 1 lb (453 gnus.) ; hence English count No. 1 is equal to Fiench count No. 0 847 and to 
international count No. 1*694 Ilivision of the international count by 1 66 gives the English count, multiplication of 
the French count by 2 gives the international count, while division of the English count hy 1*38 gives the French 
count 

A thread spun from two yarns of count 60 has the count 30, its weight per unit length being doubled Fine wools 
are spun so as to give a count of 60 to 80 or even of 120, while the commoner qualities give counts of 30 or even less. 

For silk, the International Congress at Pans in 1900 accepted the Italian count, which expresses the weight 
in denari (one denaro = 0 05 gim.) of a length of 450 metres, the finer yams thus having the lower counts. Silk 
is often spun to a count of 12 to 20 denari, and artificial silk to 60 to 120 denari. 
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It is probable, therefore, that wool contains at least one carboxyl group. The affinity 
of wool for acid colouring-matters (often sulphonic acids) is explained by the presence 
of amino-groups and that for basic dyes by the presence of the carboxyl group. Certain 
highly basic colouring-matters (such as methyl green) do not, however, colour wool, the 
acid character of which is too weak, while they colour silk, which is more markedly acid. 
The fixation of metallic oxides (of Or, Fe, Cu, Al, &c.) in the mordanting of wool is due to 
the formation of salts with the carboxyl group. 

The salt-forming property of wool can be easily demonstrated by immersing it in a hot 
colourless solution of rosaniline (base), which colours it red just as though it were dyed 

with red rosaniline hydro- 
chloride. Knecht, Witt, and 
Nilsen have shown that the 
action of chlorine on wool is 
to intensify its acid character, 
so that it fixes basic dyes the 
more readily ; at the same 
time it loses partially its capa- 
city to felt. 

Bolley found that wool de- 
composes potassium bitartrate 
in boiling solution, generating 
the neutral tartrate and fixing 
tartaric acid. In 1898 Kertesz 
utilised industrially, for the 
simultaneous production of two 
colours on wool, the property 
this shows of fixing acid colour- 
ing-matters more intensely at 
points where it has been care- 
fully treated with caustic soda, 
the latter neutralising the carb- 
oxyl group and thus rendering 
the basic character more pro- 
nounced. 

Wool loses much of its 
affinity for acid colours when 
treated with phosphotungstic 
acid, but recovers it when 
subjected to the action of 
ammonium bicarbonate (Scrida, 
1909). 



Of practical importance is the behaviour of wool (or cotton) waste containing ordinary 
oils or fats (not wool-fat), as it readily ignites owing to energetic oxidation and causes 
fires (see Pyrophoric Substances, voL i, p. 174). 

An aqueous extract of pure wool gives a precipitate with either tannin or basic lead 
acetate, while true glue or gelatine yields no precipitate with the latter reagent. Pure 
wool contains 14 per cent. N. 

COTTON is the white down surrounding the black cotton-seed and is contained in capsules 
(each weighing about 30 grms., 10 grins, being cotton) which, to the number of 300 to 400, 
form the fruit of Gossypium — a shrub 2 to 4 metres in height (see Fig. 426). When the 
fruit is ripe (in America in August), the capsule opens and throws out a white tuft of cotton, 
which is fixed to the seeds. After harvesting, the cotton is freed from seeds by means 
of cotton-gins and compressed hydraulically into bales holding 180 to 200 kilos. Cotton, 
is produced most abundantly in North America and, to a less extent, in South America 
(Brazil, Peru, Colombia, &c.), and the Antilles (Haiti, Cuba, &;c.). Its cultivation is also 
of importance in the East Indies, Syria, Macedonia, &c. Egyptian cotton (makb) is valued 
on account of its lustre and length of fibre. Cotton is also grown in Australia. Attempts 
have recently been made to cultivate it in the Itahan colony of Eritrea, but without great 
success. 
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The best qualities have fibres 30 to 40 mm. in length and the lower qualities 10 to 
14 mm. The fibres are 0 015 to 0-020 mm. in thickness and under the microscope have 
the appearance of flattened ribbons with a twist here and there (Fig. 427, the upper part 
of which shows the transverse sections). When treated 
with ammoniacal copper oxide solution, cotton swells 
very considerably, forming superposed capsules sepa- 
rated by constrictions (Fig. 428). By cold concen- 

trated caustic soda solution (30° to 35° Be.) the flat 
fibre is converted into a cylindrical one almost circular 
in section (Fig. 427 I ; 5ee Mercerisation) with a thin 
central channel. If immersion in the soda is prolonged 
for two or three minutes, during which the skein or 
fabric is kept stretched, and the soda is subsequently 
washed away while the tension is maintained, the skein 
will not contract and the fibres present a lustrous 
{mercerised cotton) and are stronger and 
heavier than in their original state (soda-cellulose and 
then hydrocellulose are formed).^ 

The chemical characters of cotton are those of 
cellulose described on p. 503, purified cotton being 
pure cellulose. For its behaviour towards different 
dyes, see p. 651, and also later. 

The world's production of cotton is about 3,500,000 
tons per annum, about three-fifths of this quantity 
being given by the United States, which exports about 

I, 700,000 tons, nearly one-half to England, about one- 
quarter to Germany, and the remaining quarter to 

^ History and Properties of Mercerised Cotton. In 1814 

J. Morccr, chOTniHi m a Lancashire calico-printing works, having 
flltercd a concentrated caiisiic soda solution through a cotton fliltci, 
noticed that t.hc cloth had contracted sonu'what and had become 
thicker and transparent. Bi'forc filtration the liquid had th(‘ sp gr 
1-300, but after llliration only 1 205 On studying the phcnmncnoii 
more closely, Mercer found h(' could u'produce it at will with yam 
jinnierHcd ni caustic soda solution of 20“ to 30“ Ik'* , whih* Ik* estab- 
lished with certainty that., uiuh'r such treatment, tlu* cotton llhre 
shortens by 20 to 25 i)(*r e(*nt , t,hiekens and heeoines stronger (by 
about 50 per e,(‘nt.) and of inevi'ased allhiity for (‘olouring-matters 
He showed, too, that the phenomenon is more rapid and more mt(‘ns(‘ 
at low temperatun's, wlule at the hoiliug-pomt no eoutraetiou oeeurs. 

Similar ehang(‘H are produ<‘ed by tri'ating cotton with sulphuric acid 
of 50® to 55® Ik', or with zinc ehlorule solut.ion. 

In Octiohei 1850 Mere(*r was granted an English patent (13,200) for 
increasing, by tiliis t-reatim’iiti, tlu* resistanee and (-ompactness of 
cotton and its alllnit.y for (ly<*s. 

In 1884 F. and (1. l)(*poully patented a process for the partial 
merci'risation of fabrics by which jiarts of the faluie wt'u* hi ought 
into contact, witluin alkali solution ; tlu*se parts contracted and caused 
th(‘ other parts to curl, beautiful eraiu* elleets b(*ing thus obtained. 

In 1890 tlu‘ t(‘xtilc world was astouiuh'd t.() see on the market sampk's of line cotton of the most brilliant colours 
and the lustre ami ft‘(*l of silk. 'Phis product was prepared by the great dyeing firm Thomas and Prevost of 
Crefehl, according to their Herman Patent, No. 85,564 of March 24, 1805, which reads . . improvement in 

the mcrcM'risaiion of vegetahh* fibres with alkaline or acid solutions, by subjecting the iighthi stretched yarn or fabric 
to the action of alkali (caustic soda of 15® to 32® B6.), or of acid (sulphuric acid of 49*5® to 55*5® B6.), the stretching 
being maintained unt.U washing is complete — when it. is ridieved spontaneously — and the shortening of the yarn 
or fabric- thus preventicd.'’ Tin* speeillcation does not refer to the lustre assumed by the yarn, but this is 
mentioned In a later addition. 

Those Thomas and Provost patents wen*, however, annulk'd a couple of years later in all countries, since various 
competitors found that an identical process had been patented (No. 4452) in England in 1890 by H. A. Ldwe but 
had not been renew(*d within a year hoeause BOwe could not find an English manufacturer disposed to make prac- 
tical use of it, Larg(* ipiant-itiea of mercerised cotton are now freely produiied in all countries. 

The shortening of the fibre and its increase in rcaistonce produced by concentrated alkali solution may be under- 
stood if the changes occurring in the fibre itself arc followed under the microscope. While the fibre of ordinary 
cotton is seen to be a ilaitcmed empty tube with an occasional twist, that treated with caustic soda without stretching 
is shortened and swollen and forms an oval, almost round tube with thickened walls, but still with an internal 
channel ; outside It shows crea8(‘s and a rough surface. Jiut by mercerisation under tension, the fibre becomes 
like a straight, round tube, smooth and without visible creases outside and almost entirely filled up inside. These 
changes explain the silky lustre and also the increased strength, the fibre becoming more compact. Buntrock’s 
experiments showed that mercerisation occurs very rapidly : with caustic soda of 30® Be. the shortening of the 
fibre after one minute is 23 per cent, and after 33 minutes 29 per cent., which is the maximum attainable. 




Kkj. 428. 

(Magnified 200 time.s) 
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the rest of Europe) especially Erance, Austria, and Italy). The cotton exported from 
the United States in 1901 represented a value of £62,000,000.^ Mexico produces 45*000 
tons ; Egypt, about 250,000 ; British India, 450,000 ; Japan, 30,000 ,* and in the South 
of Italy there are about 12,000 hectares under cotton, about 5000 tons being ])rocUiecd. 
In 1899 Italy imported about 130,000 tons of cotton, mostly from the United States. The 
import duty in Italy is per quintal, yarns paying from 14.9. to 48.9. according to the 
count and fabiics 485. to 1045. ; on exported yarns and fabrics the Government giants a 
rebate of 35. per quintal for yarns and 35. 6(f. for fabrics per quintal (freed from dressing), 
the weight of the cotton being increased by 8 per cent, to allow for its natural moisture. 

The conversion of cotton from flock to yarn is effected by carding or combing in a similar 
manner to shoddy {see above)* Very fine counts (150) are spun in some countries, but in 
Italy, where at one time 30 was the finest, 60 and 90 are the usual ones, although 130 is 
sometimes obtained. 

The immense importance of the cotton industry is shown liy ilu* Table on page 687, \\'hi(‘h 
refers to the year 1905 (in the pre\uous year the pioduetion was 13,635,000 bales). 

In one of the cotton mills of the Uiuted States 134 worlqjeoph' art‘ suttieient to ovaa-look 
2O0O Northrop looms, a clever workman attending as many as 20 looms, while with tlu^ 
less expert the number never tails below 12 ; these looms make 165 strokes pin* niimiti^ 
with good warp and weft. 

In Italy the consumption of cotton yarn and fabric amounted in 1905 to 813,000 
quintals, or 2*5 kilos per head of the population. As a result of the Turko- Italian War 
Italy has lost the cotton trade in the Near East, which it had previously ca])tur(‘d in cioin- 
petition with England and Germany. 

Japan in 1903 with 4933 looms produced 69,800,000 metres of (‘oiton fabric, tin* exports 
being valued at £720,000 ; in 1905 7128 looms turned out 104,500,000 mednss, (‘xports 

\V. Yieweg (1008) detciinmch the deijiee of meteet isation by a method bflhed on the fact that., iii Id to dl i)(*r 
cent. KaOH solution, cotton fixes an amount ot NaOH convhpondmg with (CoHioOJoNaOUj whih' in a 10 per 
cent, solution it fixes double this amount, (CaHioOj22NaOH. This soda-ceilulosi^ Joses its soda wIumi washed, 
and the recovered cellulose has the piopeity of taking up moie or less caustic soda m a 2 per cent JSaOil solution, 
non-mercensed cotton fixing 1 pei cent., and mei censed 1 to 3 per cent, of NaOH aeeoiding to the d(‘gi’i‘(‘ ot jiniVious 
mercerisation In practice this degiee of mercerisation is ascertained as follows : d guns, of the dry iiKucensed 
cotton are shaken for an hour with 2U0 c.c. of exactly 2 per cent. NaOII solution in a seiiaiating luiiiud, 50 (*.c. 
of the solution being then titrated with senunorinal acid and the amount ot NaOH absorbed by the cotton caleulati'd. 
A qualitatue tcfst for detecting meieeimed cotton mix<‘d \vith oidinary cotton and oxyceilulosc was givmi on i) 500. 
To ascertain if a fabric is inerceused H. David (1907) places a drop ot coueentratixl soda on the labric, wliK'h is 
then washed and dyed with a substantive dye , a moic intense eolomiiig on the place toiudied by the soda iiuUeates 
that the original fabric was not mercerised. 

\Yheii cotton is meicensi'd with tension its strength incieases by 35 per cent , and when meieeiised without, 
tt-nsion by as much as GS iiei <*(‘ut. I’he elasticity is gi eater iii cotton meremsed without tension (27 iier cent.), 
while with cotton mercerised under tension it is unchanged (20 pci cent. ) The JusIk' ol me] censed tot ton is not 
altered by washing oi dj eing 

111 oidei to obtain satistactoij’ lesiiits and a good luhtie by ineiceiising, it is b(st. to use long-IHned cotton ; 
the shorter the fibre the gi eater must be tin* tinision. It m also necessary to boil tin* cotton thoroughly and wash it 
completely before iilaenig it m the caustic soda bath, as otheiwise, besides obtaining less lustre, there is great, 
clanger of irregular dyeing. 

The dyeing is earned out in the usual way with basic dyes, being pieecd(*d by moidautiiig, oi, b(‘f.ter, with 
substantive dyes m baths containing a little Tuikey-red oil or soap, the t(‘mpciat,ur(' being kept low at. t.h(‘ start 
to avoid non-uniformity. Old caustic soda baths, which become largely converted into sodium earbonat-(! and so 
dimmish iii activity, can be used foi soap-makiiig. 

To impart a silky feel to meicensed cotton, the latter is well washed, mmii'ised for a h'W minutes in a oalemm 
acetate bath at 0 5" B6 , piessed, introduced into a bath of iMai'seiiles soap (1 grin, pi*! litre*), again jiressed, phu*«‘d 
in an acetic oi tartaric acid bath (10 gnus, pci litre) and finally iiiessed and dried without. Nvaslnng 

Mercerised may be distinguished lium uunieicensed cotton by iminersiou in a solution of 5 parts K1 -I- 20 
water -f- 2 iodine + 30 ZnCh in 12 water. All cotton is thus coloured blue, but thorough washing with watt*r 
decolorises only that which has not been mercerised (H. Lange, 1903). 

^ The increase in the pioduetion, consumption, and exportation of cotton in the United 8tat.es is sliuwn by the 
following figures [in 1874 the production (home consumption + exportation) was 3,500,000 bales of 500 Ib.J : 




Home consumption 

Exports 

Impoits 



bales 

bales 

halt's 

1903 


. 3,980,567 

6,290,245 


1904 


. 4,523,208 

9,119,614 

— 

1905 


. 4,877,465 

6,975,494 



1905 


. 1,974,199 

8,825,237 

202,733 

1907 


. 4,493,028 

7,779,508 

140,869 

1909 


10,300,000 



1910 

. 

12,000,000 




In the United States m 1907 cotton-seeds gave also 660,000 tons of oil and 1,490,000 tons of pressed oil-cake for 
cattle-food. These products were partly exported—oil to the value of £3,400,000 and cake to the value, of 
£2,320,000. 
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CouiiUy 

N\m0)ia ot 
nulls 

tSiJindlcb 

Looms 

Wolkpeopio 

Coiibumption 
in bales of 

200 to 225 kilos 

England 

2207 

50,904,874 

704,257 

.550,000 

3,040,000 

Unit(‘d St.ites, Noi th 

572 

14,810,104 

240,082 

197,] 37 

2,167,700 

5 , ,, Soutti 

059 

8,050,879 

174,824 

120,000 

2,202,406 

Russia 

227 

<>,554,577 

154,577 

350,000 

1,177,000 

Poland 

50 

1,268,547 

12,000 

35,000 

325,000 

Germany 

070 

8,832,016 

211,818 

350,000 

1,761,369 

Franco . 

420 

0,150,000 

200,000 

90,000 

840,000 

Austrni 

120 

2,280,22t> 

110,000 

100,000 

650.000 

Hungary 

‘> 

,> 

102,409 






Swit/.erlnnd . 

OS 

1,711,209 

17,285 

19,000 

100,000 

Italy . 

70t) 

2,425,909 

1 10.000 

139,000 

.560,000 

Spam 

-57 

2,014,509 

08,289 


300,000 

Ikadugal 

15 

100,909 


__ 



Syria- 

25 

272,909 

10,000 



80,00tf 

Norway 

9 

87,822 

2,292 

2,625 

12,000 

Denmark 

2 

00,909 

— 



18,000 

i-follund. 

22 

270,224 

I 20,100 

17,000 

67,000 

B(‘lgium 1 

12 

' 1,222,128 

24,000 

15,000 

100,000 

Hoiimania 

- 

40,900 ' 


j 

-- 

Turkey . 

5 

80,000 

__ 


22,000 

(treece . 


970,000 

2,100 



1 5,900 

Asia Minor 

4 

00,0<.)0 

— 



18,000 

India 

191 

5,119,121 

45,227 

184,779 

1 ,744,766 

(Ihina . 

ir> 

020,000 

2,200 




,hi])an . 

04 

1,222,000 

— 

68,261 

900,000 

Brazil , 

142 

450,000 

22,000 

29,000 

250,000 

(tanada. . 

22 

772,528 

18,207 

10,000 

99,000 

Miaxieo . ^ . 

114 

028,ti90 

20,287 

26,000 

1 10,000 

Total 

022 i 

119,127,140 

2.1 17,016 

2,29.5,120 

17,511.241 


hiding juid in 1007 02<i0 Iooium nia(l(‘ 125,000,000 tmdms, Ihe exportation 

ainoutit.iug io £1,880,000. 

FLAX (/////aw ihsifatis.Himnni) is a herhamniM nnmuil, growing usually in temperate 
rt^gioiiH, juul nNK'hing a, luaght, of 00 to 80 cam (Fig. 429). It, hcarw eliLsiens of blue tlowerw 
which giv(‘ capsuk*}^ ( Fig. 420, 2) eoiii-aining flattcaicd kniticulai' seeds (Fig. 420, 1 ). Ji was 
ciilt]va4(‘(l first, in Kgyf»t, liu^n in tir(a‘C(‘, and later in Italy and various otbe^r parts of 
h]nro[ j (Ikdgimn, Holland, RiWHia., ; in Italy tlu^ cultivation has rliminished very 
(•onsid(n*a bly, although if is still lollowtsl in houh' [)art,s and is (‘arraal on in the south of 
Sicily foi‘ obtaining the s/avls. Odua’c’ a.re two <n’(linnrv vaihdies whkdi are grovvai for 
b(dh libn*' and NC(al : tntiHnui or iruih'y whieli has a (‘oa-i'Ni* lihre and is sowni in Octoher 
and harv(‘Ht(‘d at. tln^ (aid of spring, lla^ giNamd Ixang left fr(‘(‘ for another crop ; and that 
sown in I^fandi, which is pulkaf in th(‘ summer wlum Uic s<m*(1s begin to brown but are not 
(pilt(‘ ri(jt‘. Fja\^ plants aiv pidkal by Imnd and arrnug(‘d in slieavTs to dry and to mature 
i}H‘ s(mm1s. Afl(‘r removal of tin* hit On* by threshing, tlu^ plants are mad(‘ into large bundles, 
which ate hdt. lor 15 to 20 days hi Htaguant wuk'r, whim'' the action of inicro-organisins 
{A‘iinifl(}bactei\ bnlyrk? batdm'in) rtssults in tbt^ dissolution of lliost' parts of the tissues which 
uiiit.(‘ t he long lihres to th(‘ coi’tex and to th(‘ pith. The bundles are then opened and dried 
in th(* field. Instead of being retted in this way, (iax Is in some countries heated in large 
autoclaves for half an hour at 125'^ with water from a pn^ceding operation and then for an 
hour with stcann at a firessurc^ of 5 atmos. The dried flax is froeci from the friable cortex 
by bruising hciwotai sticks, the operation being completed by blows from scutching knives 
(the waste forms the tmc). The flax is then combed and placed on the market in large 
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t^visted tresses of 200 to 300 grms. at 144s. ]3er quintal or 80s to 96s. for short fibre. In 
Italy, a hectare of ^vinter flax yields about 300 kilos of fibre and 900 kilos of seed, March 
flax giving 200 and 700 kiloh respectively; in Ireland, Belgium, and Germany double as 
much fibre is obtained. The world's production is about 6,000,000 quintals, more than 

one-half of which is produced in 
Russia (where 1,000,000 hectares are 
under flax and two -thirds of the 
output IS exported), while Germany 
produces about 450,000 quintals 
(importing 600,000 and exporting 
250,000), Austria-Hnngary 400,000, 
France 400,000, Belgium 250,000, 
North America about 200,000, Italy 
(from 52,000 hectares) less than 

150.000 (with 100,000 spindles for 
flax and hemp), and England about 

120.000 quintals. England, however, 
imports 700,000 quintals of flax (two- 
thirds from Russia and one- third 
from Holland and Belgium) to supply 
its 1,500,000 spindles (three-fourths 
in Ireland for flne yarn and one- 
fourth in Scotland). The cultivation 
of flax is falling in all countries except 
Russia. Thus, France had at one 
time 120,000 hectares under flax but 
now has only 20,000 ' (m spite of 
Government awards of £100,000 
amiually to encourage its growing), 
about 800,000 quintals being im- 
ported (four-fifths from Russia) to 
supply its 700,000 spindles, 20,000 
hand looms, and 22,000 power looms. 

Italy has not more than 50,000 

hectares under flax, and for the manufacture of fine fabrics imports annually about 40,000 
quintals of fine or semi-fine flax and about 1400 quintals of undressed flax. 

The flax fibre has a diameter of 0*02 mm. and is readily distinguishable under the 
microscope from other vegetable fibres (Pig. 431 : 1, spiral stria- 
tion ; 2, extremity of the fibre and polygonal section ; 3, bruised 
places). The fibre is spun into yam in the same way as with 
cotton, but special machines are used for the reeombmg and 
repreparing of coai^ fibres, which are drawn out in the moist 
state to a liner thread, and, at a certain stage, twisted. The tow 
from these operations is worked up by carding (see Shoddy). Flax 
can be spun by hand to a count of 300, but by machinery only to 
2rK} ; certain qualities of flax can be hand-spun, for very fine work, 
to a count of 1400, such yarn costing as much as £80 per kilo. 

HEMP (Cannabis satiia) belongs to the order Cannabinese and 
bears male and female flowers on different plants (dioecious). 

When growing wild it branches (Fig. 432), but when cultivated 
for industrial purposes it grows to a height of 2 metres or more 
without branching and has a finer and closer tuft in the case of 
the female plants (Fig. 433). Of the different varieties of hemp 
(jute, Manila, New* Zealand, and ordinary), the most important 
is the ordinayy. It is sown very close in heavy, deeply worked 
soil, and is gathered in August, the plants being dried in bundles on the ground. The 
treatment is similar to that of flax, but with a more protracted maceration. The residue 
from the breaking is used to some extent in paper-making ; the hemp, more or less combed, 
is twisted into tresses like flax and made up into bales of 150 kilos. Hemp fibres have a 





Fig. 431. 

(Magnified 200 times) 
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diameter of 0*04-0*05 mm. and are easily distinguished microscopically rom other fibres 
(Fig. 435 : 1, displaced fibres ; 2, a-d, form of the tip of the fibre ; 3, section of a bundle 
of fibres ; 4, striation : the crossed transverse lines are not always seen, the parallel 






Fig. 432. 


1 



Fig. 433. Fig. 434. 



longitudinal striations being more common). The long stems are cut into three lengths 
of about 70 cm. and are combed first by hand and then by a machine with long, coarse 
points, the waste forming the first and second tow, which can be subsequently carded. 
A third combing is carried out with finer and closer teeth, the coarse and then the finer 
ribbon being passed through machines similar 
to but coarser than those used for cotton and 
wool (preparing), and finally twisted for coarse 
twine yarn, for canvas yarn (count of 7 to 10), 

&c. Two twines twisted together give a string, 
several strings combined and twisted form a 
TO'pe, and several ropes a cable. 

As well as for string, rope, &c., hemp is 
largely used for making coarse, strong cloth 
for bags, waggon covers, sails, &c. In order to 
render hemp fabrics more compact and durable, 
they are sometimes mercerised. 

The output of hemp in Europe is less than 
4,000,000 quintals, 1,000,000 coming from 
Russia, 960,000 from Italy, 750,000 from 
Austria-Hungary, 600,000 from Francse, 20,000 
from Belgium, and 10,000 from Holland. Italy 
exports nearly 40,000 quintals of string and 
rope, 35,000 of rough hemp and flax, and 1200 
of twisted hemp and flax. 

JUTE {Gorchonts capsularis of the order Tiliaceae) has been grown on an enormous 
scale in India and Bengal from time immemorial and is now replacing indigo. Even in 
1851 India exported 282,350 quintals, and in 1858 the exports of jute sacks were valued 
at almost £240,000. These figures are now nearly doubled, owing to the development 
n 44 



Fig. 435 

(Magnified 200 times) 
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of the large workh in Calcutta. In .Europe its cultivation vas comnieiiced subsequently 
to 1830. It IS grown also m South Amciica and m the United States, 

Jute recpiiivs a moist, hot climate and soil It is sovn in sjiring, and the planls, ]o 
to 20 cm. a]>art, mature in four months and attain a height of 3 to 4 metres I he slia]ie 

of the leaves, stem, seeds, is shown in Fig. 436. 
It IS treated ui a similar manner to hemp, and the 
bales, weigiiiiig ISO kilos, are tightly iiressed for 
transpoit. The ])nneipal lhirop(Mn centre ot tlie 
]iite tiade <md industry is at Dundee. The jute 
libre is biovvnish yellow, and is bkvielHMl m a 
faintly alkaline ehlonde of lime bath (5" De ) at 
25" to 30', then rinsed, immersed m a 0 5 per 
cent, sulphuric aeid bath for 15 minutes, and 
finally thoroughly wTished. 

Kaw jute fibres are easily distinguished from 
other fibres under the microscope (-sTe Fig 437 • 

1, irregular lumen of the fibre dotted at the top ; 

2, fibre with broken lumen , o, tip of fibres ; 4 and 
5, sections of fibre with thin or thick avails) and 
show" more or less lustre according to their tinc- 
ncss. 

rriit(‘ competes directly with hvmp since it 
serves for making the same articles (sacks, packing 
cloth, carpets, tents, fiumiturc (‘overmgs, &c.), but 
when made of jute these cannot be WAXshed. 

Tn 1001 Italy im])orted 240,000 (piintals of raw 
jute to be raamifaclured and 4000 of jute yarn 
(some again exported), and exported about 15,000 
quintals of jute tissue (jutc, flax, and hmnp fabrics 
are highly protected in Italy, the duty ranging 
from 8s, to 16s. or even more for the finer counts 
and for tissues). 

The consumption of jute in different countries 
is as follows: England, 1,280,000 lades (of 180 
kilos) ; India. 1,200,000 ; United States, 540,000 ; Ger- 
many, 450,000 : France, 260,000 ; Austria-Hungary, 

170,000 ; Italy, 120,000 ; Belgium, 100,000, &c. Raw 
jute in bales costs 28^f. to 36^. per quintal. 

SILK. The Chinese seem to have knowm the sillc- 
u'orm as early as 26(K) years B.c. Although they 
understood the pre^mration of silk materials, they did 
not at once trade with other races, but maintained 
great secrecy on the rearing of silkw'orms and strictly 
prohibited the exportation of the eggs. 

According to tradition it wiis only in 150 B.tt that 
silkworms arrived in Japan, where they w'ere imported 
secretly by the daughter of a Chinese emperor, and 
whence they spread later throughout the rest of Asia. 

They were apparently imported into Italy in the sixth 
century by three monks wFo hid them in their staves, 
although the manufacture of imported silk was begun 
in Italy three centuries earlier. From that time up to 
the present Italy has maintained the first place among the countries of Europe for the 
rearing of silkw'orms and the production of silk."^ 

^ Silk is produced by one of the Lepidoptcra, Bombyx mori, a larva which alter birth (when it WPifrli.s 
» about 0 5 ingrm.), feeds on mulberry leaves (Mot vs alba) and attans the height of its development (with a 
weight of 3 to 5 grms.) m five weeks, passing through four moults or sleeps during which it casts its skin It 
finally passes to brushwood arranged above, w"here it constructs a cocoon with the silky exudation secreted by two 
long ^ands filled with fibroin and leading along the body beside the intebtinal canal to two very fine apeitmes in 
the mouth. The two contiguous and parallel threads thus formed are immediately stuck together by a liquid 
(seriem) exuded by two other channels near the first pair, the result being an apparently single thiead, which is 






Fifi. 436. 
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In 1443 Florence contained 84 large silk factories and in 1580 Milan began to acquire 
the ascendancy, but fell back later, to advance again in the middle of the nineteenth 


either white oi •aome shade of yellow (the double thread is shown in Fig 43S) In thiee days the silkw^orm is trans- 
formed into a ehiysalis fiom which the butterfly originates (in lU to 14 days) it the tempeiatiiie is sutficienth* 
high (15° to 30°) The butterfly emits from its mouth an alkaline liquid with which it moistens one end of 
the cocoon and then pcifoiates it and issues to pioceed to the coupling netessaiy for the proseivation of the 
species 

Immediateh afteiwaids the female deposits numeious fcitile eggs (tpumc), mid both it and also the male die, 
their shoit lifo-evcle being at an end (Fig 430) One kilo ot cocoons gnos tliiee ounces of eggs. Fait of the 
eggs foi of the butteiflies) are selected under the micioscoiie and aic kept in a cool place until the follow mg spi ing, 
when they arc hatched by incubating foi a couple of weeks in an o^en, the young woims being distributed to 
the leaiing-houses In 1904 Italy exported 1521 kilos of eggs, of the \alup of £20,240 ; in lOOS 0228 kilos ; in 
1909 2885 kilos, and in 1910 3330 kilos, worth £40,000 The imports of giaine (fioni Fnmee) were 4178 kilos 
in 1906, 18,928 in 1908, 13,629 in 1909, and 5612, w^oith £44,880, in 1910 

By means of extienie cleanliness, disinfection of the bi ushwood and micioscopic tests of the eggs, the numerous 
diseases which cause havoc among silkw’orms at all stages (calrino, flnc/icnc, etc.) ha've been partially overcome 
Theciossmgof ditfeient varieties has also proved beneficial, and m Lombard^ the use of the Chinese cross is fairlv 
general The silkwoiins from an ounce of eggs oonsume altogether about 12 quintals of leaves. It has been 
proposed to disinfect the leaves with Ijsofoim, tachyol (ozone . JEolinari, 1908), etc , but without good results. 

In Older that a maximum yield of good silk may be obtained, the butterfly is not allowed to issue from the 
cocoon, since the silk cannot subsequently be readily unwound fiom perforated cocoons and much waste is pro- 
duced , indeed when the cocoons are placed m water (see late?), the perforated ones become filled with water 



Fig 438. — a, double thread {bava) with 
scales, d; h, section of double thread; 
c, isolated, smooth bava, after cleansing 
(Magnified 120-180 times) 



Fig 439. 


and sink, thus breaking the thread during the unwinding The formation of the butterfly m the cocoon is pi evented 
by stifling {i e killing) the chrysalis by heating in an oven, w^here the cocoon loses two-thirdfe of its weight. Such 
procedure also allows of the sale of the cocoons at the season of the year when the prices are most lemunerative 
Ten 01 eleven kilos of fiesh cocoons yield 4 kilos of dry cocoons, and these give 1 kilo of silk 

In Japan silkwoims are raised as many as three times a year. An ounce of eggs yields 50 to 60 kilos of cocoons, 
which are sold, freed from waste, at prices varying in different yeais from 2s, to 3s. Q(L per kilo ; as wuste arc 
considcied doubled cocoons {doupiofis), stained oi nionUy cocoons, those attacked by calcino, and also incomplete, 
light, soft cocoons, and the flake silk oi cover which surrounds the cocoons and attaches them to the brushwood^. 

The suffocated cocoons have an average weight which varies, more particularly with the variety, fiom 0 5 to 
0 8 gim. The ratio between the weight of dead chrysalis and silk lies between 14:1 and 16*1 length of 

silk per giamme is 900 to 1500 metres , the thread (bava) varies m thickness from 0 IS to 0 30 mm. 

The cocoons are first placed, a few at a time, in basins of almost boiling water and are rubbed with a hand- 
brush of twigs, to winch the tangled filaments covering the cocoons become attached Among these filaments is 
that by which the cocoon can be completely unwound. The other filaments form the floss, which is worked up 
with the other waste (see above). Five (or more) of the threads are attached to a reel, which revolves rapidly and 
completely unwinds the cocoons. The latter float in hot water, which softens and dissolves part of the gum 
uniting the threads, while the remainder of the gum drys again on the reeled silk, joining the five threads to a single 
filament constituting raw^ silk As one cocoon is finished, it is replaced immediately by another so as to form 
a homogeneous thread. The chrysalides remaining form about 70 per cent, of the weight of the fresh cocoons 
and contain 22 to 26 per cent of oil (fetid) ; they are generally defatted and sold as nitrogenous fertiliser (for 
hemp, etc.) at 138. or 148 per quintal. Cocoons which do not unwind regularly also pass into the waste. 

Good cocoons give as much as 800 metres of good silk and the count of the single thread vanes from 1 5 to 
4 denari according to the breed of silkworm ; the tenacity lies between 5 and 12 grms. and the elasticity between 
80 and 150 mm. 

White or greenish yellow cocoons give white or almost white (Chinese) silk and the yello'W ones golden^ellow 
silk. The following types of silk are distinguished commercially * European, Japanese, Chinese, Canton, Bengal, 
tussah (Chinese wild silk), and Indian tussah, and of each of these there are various qualities 

In the raw silk trade the variations of the count are indicated ; thus, first-quality billv from 8 to lO denari 
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century. In 1804 Como had only 920 looms, which increased to ^^00 in 1858 while Lyons 
possessed 10.000 looms as early as 1685, 40,000 in 1834, and 65,000 in 185- (present con- 

clitions are indicated later). 

Raw silk consists of 60 to 70 per cent, of Fibroin (the fundamental constituent 
of pure silk) and 25 to 35 per cent, of Sericin, which is the gum surrounding the 
threads and holding them together, and can be easily eliminated with hot water 

and soap or. partially, with hot water alone. n a -m 

Various formulae have been attributed to fibroin : CijHaoOeNs {^chutzen- 
berger), (Bourgeois. 1875). From the c^ie^iico-tmtorial point 

of view, silk has the character of an ainino-acid (or of the correspond^ internal 
anhydride), but its acid nature is more marked than that of wool. The decom- 
position of fibroin by means of hydrochloric^ acid giyes gtycocoll ammopro- 
pionic acid, tyrosine, 1-leueine, and other amino-acids (B. Fischer). 

The formula CisH^OgNs is ascribed to Sericin, which closely resembles 
fibroin, but gives large proportions of diamino-acids. It is thought by some 
that the silkworm contains only fibroin, and that at the moment when the 
thread is produced this is transformed superficially into sericin under the 
influence of air and moisture. The yellow colour of certain raw silk is due 
to a natural colouring-matter. Carotin (Dubois' hj’droearbon). 

Under the microscope raw silk has the appearance of slightly flattened, 
cylindrical, transparent threads, not very smooth on the surface, and composed 
of two have joined by the sericin (which can be distinguished from the inner 
part or fibroin) and thinly covered with an adhesive soluble in hot water 
and different from .sericin, which dissolves only in hot soap solution. 

In many cases the Dyeing of silk, e.specially with mordant dyestuffs, is similar to that 
of wool. Under all circumstances, how’ever, the silk should be thoroughly cleaned before 
dveingi and as in spinning and weaving the silk is treated with dressing (soap emulsion, 
vaseline oil emulsion, soluble starch, &c.) to facilitate the -operations and sometimes also 
to increase the weight, both yarns and fabrics (even if white) are subjected to rapid cleansing 

IS markfia A. tiR'-t-gradf* tUi-Mih of 40 to 45 denari, d’c ). The price of tussali silk (16s to 24s per kilo) 
is lesb than half that of Sue European silk, but the prices vary from year to year 

With Asiatic silk it is alwajis stated whether spun m Europe or on the spot ; the latter gives much more waste 

llaw vilk^hrpads arf‘ seldom made into textiles (then called raw silk) and real silk thread is obtained by joining 
t\u) or more threads of rav silk and twisting them to form the tram s^lk or o) gamine (vvaip) used m weaving. 

To this end tin* raw silk is first wound on bobbins, from which it passes through felted forks— to free it nom 
down— to otiier Ixibbiiis. It is then ready for twisting, ^^h^eh is carried out in different ways for tram silk and for 
vnrp (orgaiKaie) For the latti^r the be&t silks are used these being at once twisted from right to left, the pioduct 
being kiJov»ii under different names according as the number of the twists per metre are 244 to 440, 440 to 488, 
or 4^ to 610 The t\i.i‘=ited threads are then joinedm twos, threes, or fours the combined threads being twisted 
from left to right (or nee iwau)— 380 to 450 twists per metre for taffeta, 320 to 360 for satin, 550 to 560 for velvet, 
and 2200 to 3000 for Chinese crape. Before dyeing or bleaching the raw organsme is ungimm^^d or stripped for 
about 30 minutes in boding neutral soap solution (25 to 30 per cent, of soap calculated on the silk). In older to 
remote the gum and to obtain a maximum lustre, a second boding soap bath is used, and finally a third. The 
hailed silk weigh> about 25 per cent . less than the original ofgansine. When the organsme is to be dyed a pale or 
delicate colour, it is subjected to special treatment with sulphur or hydrogen peroxide (see vol i, p 2351 ; tussah 
orgaiisine (brownish) is only bleached with hydrogen peroxide. 

In preparing tram sdk the raw threads are not immediately twisted, but are first joined in fives or tens (or more) 
and then twisted, but only with 80 to 125 twists per metre. The cleansing with soap is carried out at 35" and the 
colouring-matter is readdy destroyed by immersion for 15 minutes in an aqua regia bath (2*5° to 3° ) at 20® 

to 25^ and thorougli washing with watei. The white tram (so-called souple) has lost in these operations only 
5 per cent of its w^eight ; if it is to be dyed a pale tint it is then sulphured. When a more lustrous tram is required 
for obtaining spi'Cial etft»cts in textile design, it is subjected to hoihng like the organsme. 

Silk Waste, including imptom (cocoons formed by two larvse in the same covering ; these cannot be unwound 
in the ordinary way), pierced cwoons, the w’aste from twisting (2*5 per cent in Italian and 8 per cent, in Asiatic 
sdks}, stained (mouldy) cocoons, diseased cocoons small or incomplete cocoons (from inert worms), silk tow, &q , 
constitutes 25 to 35 per cent, of the total crop of cocoons and often goes under the name of floss (at 4s. to 65. per 
kilo : real floss costs 6s to 7s. per kilo). It is worked very similarly to' cotton and to woollen rags by means of 
special carding and combing machines, giving first a kind of wadding and then ribbons and threads with parallel 
fibres. These can be converted into yarn called ahappe, which is consumed in large quantities as it costs less than 
one-half as much as pure silk and for some fabnes (velx^ets) is a good substitute for ordinary silk. The waste from 
the carding and combing of chappe is also spun, giving boursties. In Italy a large company with seven works 
enjoys a kind of monopoly m this tiade : they work up foreign waste and part of the native waste, the Italian 
Oovemroent imposing a small export, duty which acts detrimentally against the spinners and forms a protective 
duty on foreign waste yam. 

The value of the raw waste worked up in Italy is about £1,000,000, its subsequent value being about £1,600,000 
(see also Statistics). 
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with hot soap solution (80° to 85°) containing a little sodium carbonate, and are then 
well rinsed in tepid waterd If the wares are to remain white, they are sulphured 
Xote) or treated with hydrogen peroxide solution, the characteristic rustle (scroop or 
crackle) of silk being imparted by immersion in a 1 to 2 per cent, sulphuric or acetic field 
liath, centrifugation and drying without rinsing. 

Dyeing is m general carried out in soap baths, using one-third or one-fourth of the 
soap solution remaining after the boiling of the raw silk, acidifying it ^ith sulphuric acid, 
boiling and agitating. The silk is immersed in this emulsion for a time and then removed, 
the bath being diluted with water and the colouring -matter (acid or basic) ; the dyeing 
is begun at 35° to 40°, the temperature being gradually raised almost to the boiling-point. 
Acid colouring-matters are fixed by silk also from a hot acidified aqueous solution, but the 
tints are not so lasting. 

The dyed silk is rinsed in water and transferred to the acid bath to obtain the crackle, 
w^hich becomes more pronounced as the acidity and temperature of the bath are raised, 
but the acid remaining in the dry fibre slowly attacks it, with injury to its tenacity and 
elasticity. 

Nowadays silk is usually iveigJited, i.e. impregnated with various substances (organic 
and inorganic), in order to increase its w^eight (by 30 to 40 per cent, and sometimes, 'with 
black silk, even by 300 per cent, or more). Silk possesses, indeed, the property of absorbing 
from solution large quantities of tannin ; this can be fixed by means of salts, and fresh 
tannin can then be absorbed, and so on. Successive amounts of insoluble metallic salts 
(tin salts, phosphates, silicates, &c.) may also be precipitated on silk. To weight white 
silk, the boiled silk is soaked for an hour in a stannic chloride bath of 25° to 30° Be. [at 
one time pink salt, SnCl 4 , 2 NH 4 .Cl (see vol. i, p. 609) was largely used, but at the present 
time, crystallised tin salt, SnCl4,5H20, is mostly employed], manipulated for 30 to 40 
minutes in a hot disodium phosphate bath (4° to 5° Be.), washed slightly with water, 
introduced into a sodium silicate bath (3° to 4° Be. ) and again washed. Treatment with this 
series of baths (stannic chloride, phosphate, and silicate) is repeated several times, according 
to the degree of weighting desired ; five such repetitions give a weighting of 100 to 120 per 
cent, (the weight being doubled). ^ Weighted silk can be dyed, and m the preparation 

It IS generally necessary to asceitam, before dyeing, what will be the loss in weight of the silk during unguin- 
ming or stripping. White Italian silk loses on an average 21 5 per cent. ; Japanese, 20 per cent ; Canton and 
Chinese, 24 pei cent , raw yellow Italian, 24 per cent , and chappe, 4 per cent. The IO'jS, which includes also any 
weighting of the yarn with vaseline, soap, oils, glvcoime, <kc , is determined as follows 50 guns of the silk are 
manipulated in a solution of 15 grms of seasoned Marseilles soap of good quality in a litre of hot water, which is 
allowed to boil gently for half an hour, and are then removed, pressed or centiifuged, boiled for a further period 
of 30 minutes in a soap bath similai to the first, and washed thoroughly with water until the latter remains clear ; 
after being centrifuged, the silk is dried in an oven until of constant weight. The loss of weight on stripping is 
referred to 100 gims. of dry silk, so that allowance should be made for the normal humidity (11 per cent.) of 
silk. 

» The phenomenon of weighting is explained, according to Sisley (1911), by regarding silk as a colloid {see voL i, 
p. 102), which absoibs hydrogels {e,g. stannic) of various salts of polybasic acids But many substances which 
give precipitates and insoluble salts do not serve for weighting, since they are not firmly retained by the silk fibre 
— and are therefore elmunated dm mg washing and dyemg — and are not dyed. The weightings which have 
given the best results m practice are : (1) tm hydroxide (used as early as 1869 in a Lyons dyeworks) , (2) tin 
phosphate ; (3) tm silicophosphate ; (4) tin and aluminium silicophosphates. Sisley (1896) showed, and Branckel 
and Fasal (1897) and Sevenni (1906) confirmed, that weighting is due purely to a physical and not to a chemical 
phenomenon, since the weighting bath undergoes no chemical change and no alteration m concentration. Further, 
when silk soaked in stannic chloride is washed with water, the precipitated stannic hydroxide which is formed m 
abundance as a result of hydrolysis is not fixed by the .silk and is derived fioni the chloride on the surface of the 
thread, that absorbed inside the fibre remaining as a kind of colloidal solution of stannic hydioxide m hydrochloric 
acid , the acid diffuses into the fibre, which retains it, whilst the stannic hydroxide is fixed as a gel and does not 
influence the feel and lustre of the silk. The absorption of stanmc chloride is avoided if the silk is previously 
treated with tannin. In 12 hours silk which has absorbed 11 per cent, of tannin fixes from a stannic chloride 
bath of 30® B6 , only 1 25 per cent of SnOa, while silk without tannin fixes about 12 per cent, of SnOa from the 
same bath ; these different silks also take up varying quantities of colomung-matters When washed, the stannic 
hydroxide formed on the fibre is Sn(OH)4 or Sn02,2H20, retaining small amounts of HCl ,* the washed silk is there- 
fore introduced into a bath of sodium carbonate, which forms a labile compound of ISTaaCOa and Sn02,2H20, tins 
being decomposed by acid with formation of a tm hydroxide insoluble in acid and in subsequent stannic chloride, 
baths. 

Boiling or treatment with a soap bath of washed silk containing SnOa,2HaO results m the separation, in a firmly 
fixed condition, of the hydrate 811402, HaO, Sn40(OH)2, which has, however, but little affinity for phosphates 
and silicates (Gianoli, 1907). Weighting with stannic chloride gives a regular increase of 10 to 12 per cent, m 
the weight for each separate opeiation on the same silk. In weighting with tin phosphate (after the chloride bath, 
the silk IS passed into a hot disodmm phosphate bath and then washed thoroughly with water, the operation being 
repeated if necessary), the first operation gives an increase of about 20 per cent., but subsequent operations produce 
larger increases ; the third may give as much as 35 per cent. Silk alone has no affinity for salts of polybasic 
acids (phosphoric, tungstic, &c ), but if it is first passed into a tin salt bath it fixes them, for example, as 
Sn02,I3‘aaW04 or Sn02,Na2HF04 (sodium phosphostannate, insoluble in water but soluble in concentrated sodium 
phosphate solution) ; only phosphates containing hydroxyl groups are fixed by tin, so that tnsodium phosphate 
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of black ibilk, the weighting may be increased considerably by passing the weighted white 
silk (washed with a little soda) into a cold bath of ferrugine {a slightly acid solution of 
basic ferric sulphate prepared by heating a solution of ferrous sulphate with sulphuric 
and nitric* acids), slightly washing the silk thus coated with oxide of iron and immersing 
it in a bath of x^o-tassiiun ferrocyamde (acidified with HCl) which colours it blue. It is 
then placed in an almost boiling tannin bath {e.g. chestnut extract), next in a tin bath to 
lix the tannin, and finally in a hot bath of logwood extract to obtain an intense llaclc tmt ; 
the dved silk is rinsed in soap solution or an acidified oily emulsion, livened in a sulphuric 
acid bath, centrifuged and dried. By repeating the tannin and metallic baths ten or 
tifteen times, weighting of 300 to 400 per cent, may be obtained. Black silk weighted 
to the extent of 400 per cent, and partly attacked shows under the microscope a heavy 
incrustation round the fibre (Fig. 440) ; much of its resistance has been destroyed, and under 
tlie action of sunlight it undergoes rapid corrosion (umbrellas of heavily weighted black 
silk biilit c\ (‘U without Using). O. Alcister at Zurich (1902) and independently G. Gianoh 

at Milan (1904; Ger. Pat. 163,622) found 
that this inconvenience can be largely 
avoided by means of a thiocyanate bath. 
In 1906 the Societa della stagionatnra della 
seta di MiLano (as a result of investigations 
of Sisley at Lyons and of Gianoli and 
Colombo) filed a patent in America for the 
preservation of weighted silk by intro- 
ducing it in a bath of thiourea faintly 
acidified with citric acid ; U.S. Pat. 

873,902, was granted in February 1908, 
I)raetiee4 0. Meister (1910) suggests the use 

and aodium pyr<«pliO-fpliat(‘ an* not fixed If the sodium carbonate bath follows the cliloiicle bath, less sodium 
phuspliatc ih subsequent Ij fi.xed. Treatment of the silk m the acid hath lesults in the iemo\alof the whole or a 
good part of tin ‘'Odmm. When the silk has been treated in the first sodium phosphostannate bath, it is washed 
and introduced a second time into the stannic chloride bath, the double decomposition thus produced resulting 
ID the formation of insoluble phosphate of tin, which is fixed on the fibre, and of sodium chloride, which passes 
into the bath, while at the «ame time the silk becomes impregnated anew with SnCli — this fixing tm hydroxide 
on the fibre when the latter is w^afehed. This tin hydroxide gives fiesh sodium pliosphostannate when introduced 
into a second dl^od^um phosphate bath, while the bath, which becomes impoverished in soda, eontmually increases 
in acidity and tlie weighting of The ailk increases during successive operations. 

Still higher weighting is obtainr d if the sodium phosphostaimate silk is introduced mto one or seveial more oi 
less coiieciitrated and more or Ic'-s hot .sodium -iheate baths By this means part of the phosphate residue united 
to the tin oxide is replaced by -.ilica, the compound dtiiOa iXaaOsSnOo, being foimed , the silicate bath becomes 
acid and cuiitaiiiR trisodmm phosphate. In the aeid bath, this silk readily loses sodium, being foimed ot insoluble 
tin trisilicate. This weighting wa^ patented bv Xeuhaiis m 1S93, but had been pre\iuusly used in France 

The lughest iveightmg of silk is obtainrd lollowing lepeatcd phosphate baths with a bath of an alum salt, 
as was propo-ed by Puller (Ciefeldi (Fi. Pat 2r)4,659 of 19t)G) In this way the aluminium is fixed as phosphate 
and a little ^odIUIn passes- into solution Aitc i washing, this silk is pat^ cd mto a sodium silicate bath and has the 
property of fixing much more silica than m the ca-e described by Neuhaus; further the silk loses practicallj 
nothing III the acid bath, since the .sodium of the tin silieophosphate has been leplaced by aliiininuim h^icolle 
and iSi&iej (1911) found that ’canoiis othci salts inaj he used in place of thOM* of ahiminivm, but that only those ot 
zine gace good re>«ults m xiraetiee 

This general theory of Sisley on the phimonienon of weighting of silk is not unn ei sally accepted P Heermann 
< 1904-1911) holdto tliat while the silk is imnieised in the stannic chloride bath the latter diminishes in concentration, 
and part of the tin remains fixed e\ en when the silk is washed with water ; he also regards the formiilee of the .salts 
fixed on the silk as different firoin those given by Sisley 

^ liiddetmming tliiiceigkimg of 2 gnns. are boiled for two hours in a soap bath (30 grms. soap per litre) and 
t hen for at least an hour (to expel the ammonia) in a sodium carbonate bath at 1 5° B6 , the W'atei evaporated being 
gradually replaced. It is tlien rinsed well with water and dried and the nitrogen in 0 6 to 0 8 gim. determined 
(as was suggested by St. Claire lleville m 1878) by JCjeldaliTs method (see p, 10) , from this the quantity of true 
fibroin can tx* d<*tt mniiixl, knowing that 5 455 pails of fibroin eorresjiond wuth 1 pait of mtiogeii "With black 
sdk eoiitainmg (janide (Prussian blue), the latter must be prexiously ehinmatcd In oidcr that the fibroin may 
he acted on as httle as jjossibhx F bisley (1907) .separates it as follows: 2 guns of the fabric aie boiled foi 21) 
minutes in 25 per cent, aietic acid, washed, heated for 10 minutes, at 50® in a 3 per cent sodium phosphate 
()) washed again, and boilHl for 20 minutes in a bath containing 3 pei cent of soap and 

0 2 per etiit 01 Hjiia , this priK'fdiiie i.s repeated, the tis.suo being wa.sht*d and dried and its nitrogen-content 
determined !l he pereeiirage weighting p (the increase in weight of the original silk) is gnen by p — 100(/7 —O/e, 
when g jndii'ittes the weight of the dyed silk while c rejiresents that of the raw silk (i e. fibroin -f- seriem + 11 per 
cent nlol^ture) or fibroin + normal loss on stripping (21*5 or 24 per cent ; see preceding Note). A silk is .said to 

1 e weigh! ed 50 per eent when 1000 gniis. of raw silk give 1500 gnns. of dyed silk. 

IiUrmg recent je^ars, another simple method has been used for determining the ordinary tin silieophosphate 
weighting : 2 grins of weighted silk of known moisture content (e.g. 10 per cent.) are treated for an hour in a plati- 
num dish vT-ith KH) ee, of a cold aqueous 2 per cent, hydrofluoric acid solution ; the latter is iioured away and 
another 10b c.c of the acid added and left m contact with the silk for an hour. The silk is washed seven times 
with siiet-e.-sni* amounts of 150 e c of water, prc'^sed, and dried at 100® to 105® until of constant weight. If tJie 
latter Is 0 95, then 2 grills of niuist silk 1 8 grm di> silk, and 1'8 -- 0 95 = 0 85 (weighting) So that it the 



and appears to give excellent result.? in 
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of formaldehyde bisulphite (1 to 5 per cent, bath) to check this corrosion, while Berg and 
Janhoff (1911) prefer the use of hydroxylainine. The use of a diastofor bath (see p. 500) 
aftc'r dyeing has also been proposed. Silk weighted with ZnCU is preserved in a thio- 
sulphate bath (Herzig, 1908). 

STATISTICS. An idea of the importance of the Italian silk industry is given by the 
fact that silk always inaki^s up more than onc-third of the value of the total exports: 
£12,7()0,000 out of £41,040.000 in 1894 ; £20,800,000 of £57,240,000 in 1899, and £24,680,000 
of £69,240,000 in 1905. 

The production of cocoons in Italy during the past ten years — with the exception of the 
scarce croi) of about 45,000,000 kilos m 1903 — averages 55,000,000 to 60,000,000 of kilos, 
wauglied alive (from 1 200,000 ounces of silkworms) ; in 1908 the crop was 52,000,000, 
in 1909 50,000,000, in 1910 44,000,000, and in 1911 about 39,000,000 of kilos, although the 
inaeeurati' oflieial statistics give mucli lower values. About 38 pe*r cent, of the crop is yielded 
by Londjardy, 19 piT cent, by Pii^dmont, 21 pin* cent, by Venice, 7 per cent, by Emilia, 
5 per ('cni by Maniacs and Umbria, 5 pm* cent, by Tuscany and Latiiim, and 5 per cent, 
by South(U*n Italy and th(‘ Italian Islands The ]3ric(‘ per kilo of fiesh cocoons, according 
to idiirns from Milan, has shown tlu^ following fluctuations, depending partly on the 
siz(^ of th(‘ (‘lop . 1892, 3:k/. ; 1893, 38-5r/. , 1895, 29‘5r/. ; 1896-1898, about 23^. ; 1899, 
3h/. ; 1 9(K)-1 902, about 28r/ , 1903, 36 or/. , 1904, 24r/. ; 1 905-1 9( )(>, 32r/. ; 1907, 39</. 

In Japan tw’o or thrc(‘ cro[)s of cocoons are gatheriM per annum (b} volt me or tnvoUme 
w^orms), 59 000,000 kilos in the S})ring, 13,250,000 m summer, and nearly 20,000,000 in the 
autumn. Thi‘ ])roduetion of cocoons in 1909 wms 900,000 kilos in Spain and 8,546,536 
in Era.nei' (sanu' in 1908, and 5,1 10,000 in 191 1 ). 

Japan also ])rodu(‘es a considerable amount of green wild silk — of Bomhyji yamamal^ 
which feeds on elu‘stnut and oak leaves (the wuld silkworm of India eats castor oil leaves). 

Tlu^ world’s prodiiilion of xtw silL (excluding the local consumption of the Far East, 
tins being valued at about 55,000 quintals for riima and 47,000 for Japan, in 1906, and 
about one-third mon^ in 1907) is shown in quintals by the following Table (the value of 
raw Italian silk is taken as 32.s\ to JO.-?, per kilo) : 


Lof aid y 



A^elag(‘ ioi tli(‘ 

5 (MIS 



1881-1 885 

1880-1890 

1891-1895 

1890-1900 

1901-1905 

1900 

1909 

Italy 

27,000 

1. 5,110 

44,280 

42,150 

4 1,200 

47,450 

42,500 

France .... 

t), no 

0,920 

7,470 

6, ,500 

.5,910 

0,050 

6,740 


800 

720 

800 

810 

800 

560 

800 

Austria- liungai V 

1,58(1 

2,050 

2,570 

2,720 

1,150 

3,420 

1,800 

Anatolia (Jhiis.O 

1,400 

1,800 

2,050 

4,020 

5.180 

5,540 

1 

S\iia and C) puis 

2,150 

1,0 50 

4,{)0() 

4,500 

4,870 

4,700 

[ 15,700 

Sal<»ni(‘a, Adiianopb^ 

1,010 

1 140 

2,000 

1,620 

2, 550 

2,570 

1 

lialkan Stat('s 

! 18 

— 

120 

470 

1,410 

1,850 

1,150 

( } I ei'C(‘ and ( Id (* 


21 

180 

410 

040 

750 

700 

Cam asia 

1 — 

' — 

— 

2,700 

1 910 

4,550 

1 5,400 

Turki'stan 

i 2,0.50 

91 

1.920 

1,080 

4,080 

0,280 



(1nna, (‘xpoitcd tioin 


i 




1 



Shanghai 

‘ 24,180 

I 27,570 

10,100 

45,080 

42,270 

42,020 



(‘liina,('\poited liom (^antonl 8,010 

1,277 

11,710 

20,210 

21,280 

^ 19, (>20 


157,200 

.lapan, cxiunted troiu \ oko- 









hama 

11,()0() 

20,500 

11,000 

14,590 

48,650 

59,920 



India, (‘\])oitcd Irom ('al- 









entta and Bomba\ 

4,000 

4,100 

201 

2,910 

2,560 

325 


Woild’s total, ((uintaK 

94,180 

n 0 ,()()() 

152,950 

170,510 

1 90 920 

209,110 

242 000 


1 aw silk m calrulatad to losi' 24 pia- mil on stiippiiiii, tlu‘ will b(‘ 0 05 0 85 -- 70 (76 is the peiccntago 

ot silk lenuuiiiiiu alt (a stnijpiiig) and i ^ 08 , hnu*(* the dyed dry silk contain^ 70 parts of diy stripped silk (or 
100 ot law silk) and 08 ol weighting, tntal 144 The silk was hence weighted 44 pel cent Gianoli and Colomba 
(1007) .sliowial, how(‘\(-i, that in some easi^s when inetastannie aeid is formed on the fibre, e by the fixation of 
tin salts With sodium carbonate, the whob* of tht‘ weighting is not (dimmated by hydrofluoric acid, even when this 
m followed by a bath ot 11(1. V moie certain result is then obtained by the old method (see above) or by using 
first soda and then potassium hydrogen oxalate F Hermann (1909) proposes to modify the alternate treatment 
with hydiochloric acid and caustic potash (Ri.stenpait, 1908) of black on tin salt and catechu, by replacing the 
caustic potash with a solution ot noimal caustic potash and concentrated glyceiine (28“ ) in equal parts, the 

lattei pieseiving the silk, readily dissolving Prussian blue (b> tieatment fur an hour m tlie cold or 10 minutes at 
80"';, but lea\ing the oxide and taiiiiate of non unchanged. 
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The world’s production was 18 millions of kilos in 1903 ; 20-5 in 1904 ; 1'8'5 in 1905 ; 
21 in 1906 ; 22 in 1907 ; 24 in 1908 ; and, m spite of diminished European production, 
24-2 in 1909 (15-7 from the Far East, 3-1 from the Levant, and 5-4 from Europe). 

In China the exportation of real silk tends to dunimsh, but that of wild silk (or tussah) 
increases ; this is produced by Anterea mylitta and is readily recogmsed under the micro- 
scope (Fig. 441 ). China exported 1,260,000 kilos in 1900 ; 1,326,000 in 1903, and 2,000,000 
in 19f)4. 

To the quantity of raw silk produced in Italy from home-grown cocoons must be added 
that obtained from cocoons imported from abroad, viz. 3000 quintals in 1893 ; 7320 in 
1898 ; 11,000 in 1903, and 13,000 in 1906, The mean annual importation from 1901 to 
1905 of cocoons (calculated drj-) was 37,736 quintals (46,000 in 1906) with a mean yield of 
1 kilo of silk per 4 kilos of dry cocoons (at 7s, to 9s. 6d. per kilo) or per 11-5 kilos of fresh 
cocoons. 

To the 60,000 quintals of raw silk yarn produced in Italy must be added 24,000 quintals 
of silk simply treated and imported from the Far East to be spun and twisted. But only 
about 10,000 quintals are woven in Italy, the rest being exported (50,000 quintals of raw 
silk and 39,000 of twisted). 

It is estimated that in 1903 there were more than 61,000 basins 
(against 54,000 in 1891) ; about 95,000 operatives for treating the silk 
(100 basins require 10 to 12 quintals of fuel per day) ; more than 

1.667.000 spindles (against 1,500,000 in 1891) with 54,000 workpeople ; 
and 20,000 looms (of which one-half are power-looms running at 100 
to 160 picks per minute, and the remainder hand-looms at 50 to 
00 per mmute) with 30,000 workpeople (against 10,000 looms in 1891), 
almost all of these being in the province of Como and neighbouring 
districts. Eighty per cent, of the workpeople are women. 

The Italian weaving industry is capable of considerable extension, 
its produce being valued at only £3,200,000, while Switzerland^ (with 

35.000 looms) produces silk fabrics to the value of £5,600,000, France ^ 
(with 140,000 looms) £19,600,000 ; England about £13,600,000 (im- 
porting £8,800,000) with 87,000 looms, and about the same for 
Germany. If Italy were to weave the £8,000,000 worth of yarn 

which it exports, the value would be increased to £16,000,000 (a kilo of fabric costs about 
double as much as a kilo of yam) while 200,000 more workpeople would be employed. 

Mention has been made of the silk waste industry in Italy on p. 692. 

During the past twenty-five years the silk- weaving industry has become of considerable 

^ Switzerland has two very important centres at Zurich and Basle, where the output of silk goods is continually 
iiicrcassiiig, although the production of cocoons is gradually diminishing. In the canton of Ticino, where the silk- 
'worm IS reared, the cocoons produced have diminished from 187,500 kilos in 1872 to 58,000 in 1904, while there 
has heen a corresponding increase in the importation of raw silk from China, Japan, and Italy This importation 
rose from 514,400 kilos in 1893 to 637,000 (worth £960,000) in 1902, but about one-third of this, after being twisted 
in the Swiss factories, is exported to Germany, Russia, and Italy. In the canton of Zurich alone in 1900 there 
were at w’ork about 21,000 hand-looms and 13,330 power-looms for silk and mixed silk fabrics. 

The Kwiss exports of pure silk tissues in 1893 were 966,700 kilos (£2,506,100), those of mixed tissues being valued 
at £58<i,000. In 1903 the exports of silk fabrics vrere 1,760,300 kilos, w^orth £3,780,000, while the total imports 
in the same year were 149,000 kilos (£330,800) of silk fabrics and also mixed fabrics to the value of £112,000. 
One-half of the exports goes to England. The silk ribbon and embroidery industry of Switzerland is steadily 
advancing. 

Germany is a large importer of raw silk (about 3,000,000 kilos, largely Italian), and, besides supplying home 
demands, exports considerable quantities of manufactured goods {see Table later). 

Russia consumes about 1,500,000 kilos of raw silk annually. 

* Xoiie the less interesting is the condition of affairs m Erance, although the production of fresh cocoons is only 
8,000,000 kilos (1905). The imports of raw silk are calculated to be about 9,000,000 kilos, and the silk industry 
(almost entirely concentrated in the city of Lyons) occupies one of the foremost positions among Erench industries. 
The provinei^ of Lyons contains more than 25,000 power-looms for silk- weaving, in addition to a larger number 
of iiand-looms. In order to reduce the importation of raw silk and increase that of cocoons, and so encourage the 
direct spinning of the latter, the Erench Government in 1892 offered a premium of £16 for every new four-threaded 
basin establibhed, but the results did not come up to expectations. 

While m 1893 the production of silk goods was valued at £15,150,000, in 1902 it reached £17,800,000. The 
French exportation of .silk w^ares of all kinds amounted m 1896 to 4,220,000 kilos, worth about £10,000,000, while 
in 1904 it rose to 5,700,00*0 kilos, of the value of £13,200,000 (including about £1,200,000 worth despatched by 
parcel post). 

The \alue of the products woven in Lyons m 1904 W’as £16,360,000, in 1905 £15,640,000, and in 1906 £17,040,000. 
In the department of Samt-Etienne the output of silk nhbon in 1906 was valued at £3,760,000, one-third of it 
for export. 

The French home consumption of silk wares is about 4,000,000 kilos, this large amount helping considerably 
to maintam the silk industry in an active condition. 



Fig. 441. 
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importance in the United States, where raw silk is almost free from customs duty, while 
the manufactured products (yarn and fabric) are very heavily taxed. These conditions 
have led to the rapid development of American spinning and weaving.^ The importation 
of raw silk into the United States shows continuous and rapid increase, the annual averages 
being: 1881-1885,15,300 quintals; 1886-1890, 23,100; 1891-1895, 31,300; 1896-1900, 
43,500 ; 1901-1905, 65,300 quintals, which is about one-third of the world's production 
(excluding the local consumption of the Far East). 

The Italian silk industry has passed through various crises, not on account of excessive 
production — since working on stock is not usual with silk articles and the demand is often 
greater than the supply — but owing to various circumstances, not the least among -which 
are the tariffs raised against Italy as retahation for the protection of many Italian industries 
by the tariff of July 1887. The most acute crises of the Italian silk industry w^ere those 
of 1893 and 1903, which were the cause of numerous financial disasters, and that of 
1907-1908, the effects of which are still felt, and which resulted from the great American 
crisis and is now being aggravated by French and Japanese competition. The quin- 
quennial average price of raw Itahan silk fell gradually from 62-1^. per kilo m 1876-1880 
to 38-15. in 1901-1905, mainly owing to increase m the world’s production (see Table, p. 695). 
In 1906 and 1907 a rise in price of raw silk occurred ; thus, that of organsine sublime 
(count was 405. per kilo at the end of 1905, and rose to 495. 6J. towards the end of 
1906 and to 6O5. 6J. in August 1907, after which a fall took place owdng to the American 
crisis. 

Silk-twisting in Italy in 1910 employed 800,000 spindles (four-fifths in Lombardy and 
the remainder in Piedmont), which produced 4,500,000 kilos of organsine and tram, about 
one-half from imported raw silk. 

The silk-waste which was produced in Italy in 1910 (and was exported to the extent 
of two-fifths while the remainder was worked up in Italy) amounted altogether to 5,300,000 
kilos of the value of £500,000. 

Silk, carded and combed in Italy, amounts to about 1,500,000 kilos and the chappe 
yarn to almost 900,000 kilos, of which 200,000 kilos are consumed in Italy and the rest 
exported. Six thousand workpeople are employed in the treatment of waste, the ten estab- 
lishments m this trade contaimng about 80,000 spindles in 1912. 

The exportation of fabrics from Italy was 288,428 kilos in 1892 ; 443,371 in 1895 ; 
1,011,567 in 1900 ; 1,254,416 m 1905; and 1,304,750 in 1908. 

The countries with large outputs of cocoons are not always large consumers of silk 
wares, while in general large consumers are not producers. Italy has a total internal 
consumption of 6500 to 7500 quintals of silk articles, and the relation between home 
consumption and exportation for the principal countries in 1899 was as follows : 



Home 

consumption 

Exports 


Home 

consumption 

Exports 


Per cent. 

Per cent. 


Per cent 

Per cent. 

France . 

61 

39 

Switzerland 

5 

95 

Germany . 

60 

40 

United States 

. 95-100 

0-5 

Austria . 

88-5 

12-5 

China . 

. about 50 

about 60 

Italy . 

20 

80 

Japan 

„ 50 

„ 60 


As regards the quantity of raw silk passing through their conditioning establishments, 
the two principal silk markets in the world are Lyons and Milan, which together receive 

^ The protective duty on manufactured wares was 50 per cent, ad valorem in 1883, while it rose to 75 per cent, 
in 1897, and later to 90 per cent In 1882 there were only 8000 power-looms (including 2500 for ribbon) and 8100 
hand-looms for silk in the United States, while in 1901 the number of xjower-looms was 52,000 (7000 for ribbon) 
and that of hand-looms was reduced to 800 In the same period the number of spindles for twisting and spinning 
increased from 450,000 to 1,900,000. The output of silk gloves was 2000 dozens in 1887 and more than 180,000 
dozens (£200,000) in 1901 The production of silk articles increased sixtytold during the latter half of the nineteenth 
century 

The output m America is, however, not equal to the consumption, the proportion between them being 67 3 
per cent for silk fabrics, 85 per cent, for ribbons, and 53 per cent for velvet. In 1901 the United States imported 
silk wares to the value of £5,760,000, now diminished to £3,200,000 — 43 per cent, from France, 18 per cent, from 
Japan, 17 per cent, from Germany, and 16 per cent, from Switzerland. The American Government have several 
times, by offering prizes, attempted to initiate the cultivation of mulhenies and the reaiing of silkworms, but wuth 
poor success, probably because skilled agricultural labour is lacking and is not easy to form rapidly, and also 
because labour is expensive. 

The attempts which have been made in the Argentine have been somewhat more successful but not altogether 
satisfactory. To the 800,000 mulberry-trees planted during the course of 20 years, 4.000,000 have been added 
during the past four years, and m 1907 the crop of cocoons was 250 quintals. 
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about two-tMrdts of 
follow : 


all the silk conditioned m Europe, the separate amounts being as 
Uilan J^or\- 


1881 
1 S90 
lUUO 
19(13 

1905 

1906 
1908 


36,652 

53,480 

43,477 

44,072 

72,335 

(i0,418 

83,725 

66,508 

04,391 

70,102 

101,484 

71,719 

95,293 

73,728 


In 1908 13,181! HUintils aiiivi-d at Lyoiib from Europe. 7564 from the Levant, and 
50,000 from the Far East ; and at Milan. 07.187 iiumtals from Europe 147/ from the 
Levant. ,ind 30..53O from the Far East. During recent years Milan has lost ground 

tompared with LyoiH. ii . i d 

SEA SILK (A(/.vs»-) IS found ui tufts protruding Irom the shells of a mollusc {4 Oi/m 
>iob,l!s). 30 to 40 .‘m. long and 1.5 to 30 eiu. broad, attached to the roeks ot the Red bea 
and the Mediterranean (Snnly. Sardinia. Elba). It has a pale golden, more or les.s brownish 
colour, and sometimes shows greenish reflection. After being washed with soap and w.itei 
and dried inthe shade, it is combed and .spun like other textile hbres. Although sometimes 
regarded as an abundant product, it is in reality rare, at least in Italy, and fagures rathei 

in museums than on the market. i i i i j* 

ARTIFICIAL SILK is the luaeeurate name given to the product whicli has been lor 
.some time on tht‘ imirket in (competition with natiiraj silk. There is, mcleeiL no chemieal 
relation between the two products. In place ol the fibroin and sericin produced by Bomby v 
muri, the new silvery thread imiitains merely cc-lluloso, as is the case with so inany other 
vegetable products.' It has. however, the lustious appearance of natural silk and only 
by reason of tins propc*rty duets it compete with the lattei'. 

The struggle bctweeii the natural and the artiiicial product has scarcely begun and it 
h not easy to foretell wit hin what time and what limits the one or the other will be victorious. 
We are (Wainly on the eve of neither a serious convulsion in the agneultural jndiistx'y 
nor the disappearance of the mulberry and silkworm, but it may be affirmed that artificial 
silk has (established a imsition in the making of certain fabrics formerly obtained solely 


from the natural product. . ^ 

But th(^ new artificial fibre ha.s still many defects which limit its use. pr the prefient, 
to definite branches of the textile industry, and time is thus given to the produeeis of 
natural Mlk to n^iiiir llu* grave error, committed in the past, of spoiling their valuable 
produ(d bv (‘xcessive weighting, and so lUjining it.s sale. 

The first bfun^fieial (‘fiect of the appearane<‘ of artificial silk should hence be to bring 
the Mik industry to the sound ba.Ms on tvhich it was built, and \vhieli would (uuibk^ it to 
^uthstand any artificial competitor for many years to eome. 

Th«‘ prinu* material for the preparation of artificial silk is cellulose, that remaikable sub- 
stance t^hieh ha.s so siiipfiea composition — carbon, hydrogen, and oxygen but so eomjilex 
and highly polymerised a molecule (see p. 503), and already yields so many most important 
iudiLstrud products — from mercerised cotton to celluloid and pegamoid, from giineotton 
to collodion, from explosive, smokeless gelatines to alcohol, and finally to artificial silk.^ 
Artificial silks of yurious different types are met with on the market : 


^ cDlliUo^c 1!S m the form of uood for fu(‘l, 1 cu. ijdctro (‘ 0 ‘.ts about Gs , tin* saniR cubic metre of wood, 

when iKJihil With lime, mhIji, and sulpiiitc goes a paper pulp worth about 32? and jickluiK paper at 56.s‘ , 

or mortL But if thi"- pulp i-t transformiHl artificial -.ilk, its value iiuiy be a.-. Iu£?l) as £80 to £240, accordmg 
to the artudes prepared {artificial luur au<l "ilk, eeiIuIo.se acetate). 

* Artifieiai sUk, aiihougli of nvi^iit prei>aratioit. has already an inteiesting luhtory. As early as 1784 Keanmur 
forc"aw tfie p>-.sibili<y of ptepariujj lu^trou" fihr**", similar to Mlk, trom gummy oi aclbcsivi' substaiu*es, and in 
ISSe Audeiimis (ol hausainie) attiuupted but with imperfect success to put P^aiimur’s idea into pia(tie(‘ 

Expectation of -.ucetss, in the solution of this important problem arose only latci wlien it was found possible 
to prt'parc slender ('ollodnm fibres tor the inanufaetuie of the rarboii filaments ot iiieandeseciit electiic lamps 
In ISS:* Couht ifihiue de rhaidonnet of Besanvon. then a student at the Paris Polyteihnic, filed a patent foi the 
manufacture of artificial silk by spiiiiiiiiii: calJudiori solutions, and at the Pans Exhibition of 1889 ht^ showed hns 
first machine workm« 8v\an, ui London, had previously obtained fibres of artificial silk, but the.se were without 
practical interest. 

In 1891 <ic Chardoiinef formed a conipans at Besan<;ojri with a eapital of £240 000. for the mauufm'tuie of Ihis 
nevF product on a large »cale 

But for some yeais de Cliaiduaiiet ft.dk cuiild not be ua.ed as it was composed of mtroi dliilose, and hence lughU 
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( 1 ) That obtained by the denitration of collodion cotton previously dissolved m a roixture 
of alcohol and ether and then reduced to very fine fibres by means of special spinning 
machinery (de Chardonnet, Lehner, Viviers) {see also Details of working methods). 

(2) That prepared by passing hydrocellulose (mercerised cotton) dissolved in ammoniacal 
copper onde solution, through very fine capillary glass tubes so as to obtain — after complete 
coagulation in a bath of sulphuric acid at 16^ to 20“ Be. or one of 5 per cent, caustic soda — 
filaments so slender that 225,000 metres do not weigh 1 kilo (Pauly or Fremery and 
Urban silk).^ 

(3) That obtained by decomi30sing, with ammonium sulphate, cellulose thiocarbonate 
(sodio-cellulose xanthate), suitably matured (^.e. jiolymerised) and converted into slender 
fibres by being forced through a platinum plate furnished vith eighteen very small onfices so 
as to give simultaneously eighteen filaments, 1,000,000 metres of one of these weighing less 
than 1 kilo {nscose silk of Cross, Bevan, Beadle, Steam, and Tox^har, 1892-1900).- 

(4) The silk fi'om ceJhdose acetate by Cross and Bevan seems to be free from 

the defects mentioned above and to be su])erior to all other artificial silks in its resistance, 
which IS equal to that of natural silk. The manufacture of this was started a few years 
ago by Count Donnersmark, using acetic anhydride and chloroform, but it is too costty 
to comxiete with other silks, and is dyed only in dilute alcoholic solutions (Ger. Pat. 152,432). 
Excellent solvents for cellulose acetate have been found in tetraehloroethane and formic 
acid (Ger. Pat. 237,718 of 1907). 

(5) Millar and Hummers Vandam sill\ obtained from gelatine solution and now from 
casein, is not used iDractically. 

(6) K. Hofmann (Ger. Pat. 227,198 of 1909) obtains artificial silk and also hair and 
films, by dissolving cellulose at 220° in a mixture of concentrated phosphoric and acetic 
acids, and then precipitating with water or salt or alkali solution. 

The raw material for the de Chardonnet and Fremery silks is cotton waste, which should 
answer the same requirements as that used in making collodion and guncotton. For 
viscose the raw material is wood-eeliulose, such as is used in paper-making. Although 
the chemical jirocesses are different, the final ‘"^1^ three types of silk is 

more or less oxidised hydrocellulose ; Chardonnet-Lehner silk consists of hydrated oxy- 
cellulose. 

dangeioufi to the wearer and to warehouses in which it was stored, owing to its inflanamability Attempts to render 
the silk harmless by the addition of various substances proved futile, and the problem was solved subsequently 
to 1893 by the elimination of the nitro-groups combined with the cellulose and the legcneiation of the latter without 
altoiation of its lustre. When treated in this way it burns quite like other cotton oi silk fibre 

But this operation is accompanied by a new dlRad^antage which has not yet been completely remo\ed. On 
denitration, the artificial silk loses part of its resistance, and when it is wetted the resistance and elasticity dinumsh 
turthei by two-thirds. But in spite of this defect the product is marketable, its piocluction being started before 
the Pans Exhibition of 1900 and subsequently piosecuted on a large scale. 

^ The first patent tor this process was that of Despeissis in 1890, but this was not renewed in a year’s time. 
The process was impioved and rendered practicable by Pauly, Bionnert, Eremery, and XJiban, and the manufac- 
ture was undertaken by the Vereinigten-Glanzstoff Eabriken of Elberfeld. Well defatted cotton waste is lixiviated 
with sodium carbonate and hydroxide in an autoclave for 3 to 4 hours, rinsed, bleached with cold hypochlorite 
solution, w(*ll washed and centrifuged. The mass is then tieated with concentrated caustic soda to mercerise 
it and form sodio-cellulose, which is more soluble than cellulose ; or coneentiated ammonia is added, to a mixtme 
of the centiifuged cotton with caustic soda and copper sulphate solutions until the whole dissolves (6 to 7 kilos ot 
cotton pel 100 litres of solution) When cellulose is to be dissolved in cupro-aminoiiiacal solution the latter is 
l)repaied befoiehand in large tanks (in cellais) containing snap coppei and concentrated ammonia solution kept 
in circulation by a pump which also injects air until each litre of solution contains about 15 gims of dissolved 
copper. In this liquid, .stirred now and then, cellulose dis^ohes m 6 to 8 days, the solubility increasing as the 
amount of copper pie.sent increases and as the temperature is lowered (between 0° and 4°). As soon as the cellulose 
has dissolved and the mass become dense and stiingy it must be filteied undei pressm’e, .since if this is delayed 
two or three days the cellulose begins to undergo depolymeiisatiou (especially in a vvaim place), and the mass 
loses its viscosity, with the result that the silk obtained is of poor quality, irregular and weak. 

Spinning follows closely on filtiation The tlneads from the capillary glass tubes were at one time coagulated 
by passing thmn into sulphiiiic acid of about 20° B6 , but there is then danger of weakening of the fibre owing to 
excessive hydration, which is facilitated by the rise of temperature caused by the neutralisation of the ammonia. 
On this account it is now preferred to iiroduce coagulation by means of 5 per cent camstic soda, this giving a softer 
and more lustrous silk from which a veiy weak sulphuric acid bath leadily eliminates the traces of copper hydrate 
precipitated by the soda According to Ger Pat 221,041 (1908) coagulation with alkaline sulphite or bisulphite 
solution appears advantageous 

Accoidiiig to F. Todtenhaupt (1909), to obtain perfect .'solution and transformation into xanthate, the 
carbon disulphide is diluted with an ludiflerenl liquid, benzene, ligroin, CCU, Ac, the sodio-cellulose being 
thus the more completely and easily penetrated Before spinning, the pulp is matured by heating at 70° to 
90° or by leaving for a longer time at 16° to 18°. In making viscose silk it was for some yeais found difficult to 
hit on the exact matuiation-pomt (polymerisation of the cellulose) and to avoid excessive adhesive properties. 
But this difficulty has now been overcome and about 1,500,000 kilos of viscose silk are produced annually. 

It must, however, be remembeied that of the single thread (baecf) of the silkworm, 6,000,000 to 7,000,000 metre;^ 
are lequired to weigh 1 kilo. 
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Of the mnumerabie new patents for the manufacture of artificial silk, mention may be 
made of the foliomng : 

Luiniere Bros, of Lj^ons dissolve the nitrocellulose in amyl acetate- so as to avoid 
clotting (Ger. Pat. of 190,“)). It has been suggested to add resin, oil, oleic acid, 

&€*,, to the solvent to economise the latter and to give a more homogeneous solution, but 
such additions retard the subsequent denitration. Also the addition of acid leads to the 
formation of oxyeeliulose during the denitration, with diminution in the strength of the 
silk. 

To obtain Chardonnet silk, collodion-cotton is prepared in the way described in the 
section on Explosives (pp. 232 et seq.\. and after ehmination of the acid by thorough washing, 
the cotton is pressed hydraulically or centrifuged to reduce the moisture -content to 25 
to 30 per cent. In this condition it is dissolved in 5 to 10 times its weight of a mixture 
of 3 parts of ether and 2 of alcohol, vith which it is shaken for a couple of hours in revolving 
iron drums ; de Chardonnet first prepared solutions of collodion with dried nitrocellulose, 
but Lehner of Frankfort found that moist nitrocellulose also dissolves in alcohol and 
ether, avoiding the danger of drying and also giving a more homogeneous fibre. If a little 
mineral acid is added to the collodion solution, the mass becomes much more fluid and 
requires less pressure for spinning [according to Eng. Pat. 16,932 of 1910, acetylene tetra- 
ehlonde [see p. 102) is an excellent solvent for nitrocellulose]. The dense collodion solution 
is passed under a pressure of 40 atmos. through a cotton-wool filter, then left for a couple 
of days for the air-bubbles to escape, and finally forced first through cotton- wool and then 
through capillary glass tubes having a bore of 0*2 to 0*08 mm., under a pressure of 60 
to 8<J atmos. 

The slender threads issuing from the capillary tubes under pressure and in a closed-in 
machine, through which a current of air passes to carry ofi the alcohol and ether vapour,^ 
are united in a number varying from 6 to 20, and under a water- jet are wound on glass 
spools in a coagulated condition, but still somewhat adhesive owing to the moisture left in 
the nitrocellulose. After a short time on these spools the fibre solidifies completely and 
can be manipulated without danger of the filaments adhering. It is then combined, 
twisted, and reeled in the same way as silk. 

The artificial silk fibre thus obtained is as lustrous and strong as natural silk, even 
in the moist state. But it has a rather homy feel, is completely impermeable to water, 
and hence cannot be dyed in vat, while it exhibits also the serious disadvantage of ready 
inflammability, which came to be avoided by elimination of the nitro-groups (1893). 

Ferrous chloride, formaldehyde, thiocarbonate, &c., were tried as denitrating agents, 
but the best results were obtained with hydrosulphides of ammonium, calcium (0-4 to 
0*5 per cent, solution), and magnesium, and with dilute sodium sulphide solution acting 
for 3 to 4 hours in the cold. The denitration must be carried out with great care since 
if as little as 0*1 per cent, of nitrogen remains, irregular striations are obtained on dyeing. 
In practice all but 0*05 per cent, of X can be eliminated, it being impossible to push the 
denitration as far as the disappearance of the diphenylamine reaction without considerable 
attack of the fibre. The regularity of the dyemg is also largely influenced by the manner 
in 'which the white silk is first dried. Too rapid drying at a temperature above 70° and 
with too dry air, gives rise at many points to ox^^eellulose which alternates wuth hydro - 
cellulose and hence gives rise to non- uniformity of tint. 

After denitration, the silk contains only minimal traces of nitro-groups, but these are 
in sufficient amount to allow of the distinction of Chardonnet silk from other artificial 
and from natural silks, by means of the diphenylamine reaction. Artificial silks 
may also be differentiated from natural silk by microscopic examination [see Figs. 
442, 443). 

Denitrated silk is less resistant and, as 'with other qualities of artificial silk, the resis- 

^ Part of the alcohol and ether used in the Chardonnet process is recovered by passing the air rich in such 
vapours into a receiver eontamnig oil or fatty acids,which retain the ether, while the alcohol m the solutions used 
for coagulating the silk fibre is recovered by distillation or rectification. Claude (1909) proposes to recover ether 
and alcohol from air containing 12 to 20 grnis. per cu. metre by compression under 4 atmos and by passing the 
air through the coils of a hquid-air machine. In the first coils the water condenses, m the higher cooler zones 
the alcohol, and at the top of the coil (where the temperature is — 90®) the whole of the ether, the vapour pressure 
of the latter being 0 5 mm.' The purified air, which is still under a pressure of 4 atmos , is allowed to expand 
m a gas-engme to recover part of the energy of compression Even when the air contains only 0 5 grm. of alcohol 
per cu. metre, this process admits of the recovery of 75 per cent. ; 20 cu. metres of air are treated per horse-power- 
hour [S 0 e also p. 703). 
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tance iss considerably less in the moist state ; under such conditions it can still compete 
with heavily weighted natural silks. ^ 

In general a fibre of artificial silk can be distinguished from one of natural silk owing 
to the small resistance of the former to tension when in the moist condition. 

In bleaching artificial silk, the latter is passed first into a weak sulphorieinate bath at 
40° and then into a weak bath of sodium hypochlorite and acetic acid or of calcium hypo- 
chlorite (O’ 15 per thousand) or of permanganate {see Cotton). It is then dried, the loss 
in weight (water and denitration) being nearly 50 per cent. 

When the artificial silk factories supply a homogeneous product, dyeing is usually 
accomplished without difficulty on skeins of yarn, just as with cotton and silk. The 
methods of dyeing are those used for cotton or, more exactly, for mercerised cotton, which 
is also cellulose. The dyeing can be carried out without special mordants if substantive 
dyestuffs (diamine, benzo, congo, &c.) are used in a bath of sodium sulphate and a little 
sodium carbonate at the temperature of 50° to 60°, various precautions being taken in 
the manipulation. 

With basic dyes, a tannin or tartar emetic mordant is used, just as with cotton, the 


Eig 442. — (Pauly) c?, sign of crossed fibres; 
striation ; h, air-bubbles ; g, fine transverse 
striations; B, sections of fibres 



Pig. 443. — (Chardonnet) a, air-bubbles ; 
J5, sections of fibres 



^ xVccoiding to Hiibback the btieiigthb are as follow * 


Tenacity m kilos per sq mm. 



Elasticity 

Dry 

Moist 

Natural silks boiled and lustred . 

. 20 

37 5 

36 

,, , red, slightly weighted 

. 20 

20 0 

15 6 

,, ,, blue-black, 100 per cent weighting 

. 20 

12 1 

80 

„ ,, black, 140 per cent, weighting . 

. 20 

79 

6-3 

,, „ „ 500 

. 20 

2 2 

— 

Cellulose acetate silk 

17 

10 2 

5*8 

White Chardonnet silk 

:}« . 

14-1 

1-7 

Lehner (Frankfort) silk 

17 1 

4 3 

Pauly (Elberfeld) silk . 

. 14 

191 

3-2 

Viscose silk ... 

. 14 

21 5 

— , 

Cotton thread ... . . 

. 14 

11 5 

18*6 


The elasticity is the elongation exhibited by 100 cm of the fibre before breaking. The tenacity ot resistance 
of natural bilk ib 3 to 13 gims. for the single thread (bava). Echallier (Lyons) has recently increased the resistance 
of viscose in the moist state by ti eating it in a bath containing 15 per cent, of formaldehyde, 5 per cent of alum 
and 5 jicr cent of lactic acid 

A furthei disadvantage of artificial silk is its high specific giavity, the same weight of yarn of the same size 
giving a larger quantity of fabric in the case of the natural silk than with the artificial But while, with the first 
artificial silks, the excess of specific gravity was 15 to 20 per cent , the difference is now reduced to 7 to 8 per 
cent., and further progress in this direction is not improbable Natural silk has the sp gr. 1 36 and cellulose 
acetate silk 1 251, while other artificial silks show values exceeding 1 5. 

Marked advances have been made also m the count of the thread. Until a few years ago, only yarn of 120 
denari (75,000 meties per kilo) could be made, but nowadays counts of SO denari (112,000 metres per kilo) are 
regularly 'spun, and in some cases, with Lehnei silk, 40 denari (225,000 metres per kilo) has been reached. These 
are still far from the fineness of natural silk (10 to 20 denari) but represent an appreciable step forward. 

The machinery used in spinning artificial silk has now undergone further improvements which permit of the 
production at once of bundles of threads, these being subjected during their development to rapid rotation so that 
the completely twisted yarn is obtained in a single operation. There are also machines which give two bundles of 
threads twisted in opposite directions and at the same time wind the two bundles one on the other so as to produce 
finished organsme of two threads. 
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dveiiig bemg eOEinieneed in the cold and terminated at a gentle heat in presence of 2 to 
3 per cent, of acetic acid. Certain basic colours dye Chardoiinet silk e^en 'without 
mordanting. The new suij)hiir colours are also used. 

These different processes give all colours, from the pale and more delicate ones to 
black, in all shades. One merit of artificial silk is that it cannot be weighted so heavily or 
so easily as natural silk. Only when black can it be relatively heavily weighted. 

Cellulose acetate^ silk is not readily dyed by aqueous solutions of colouring-matters, 
but as it easily tixcN phenols cvtai from (lilute solution, a fine paraiiitranilme red can lie 
obtained f»\ pasr^mg the silk into a hot Of) per cent, p-naphthol bath and then into a 
1*5 per cent, p-nitranilme hydrochloride bath contammg sodium acetate. 

The mO‘^t valuable property of artitici.il silk is its great lustre, whicdi exceeds that of 
natural silk and permits of its use for a large number of different articles. Beautiful 
new effects are obtained by using it as \^eft lu figured textiles with waip of iiatuial silk, 
a new opening being thus provided for the latter. It is also used "with advantage as weft 
in silk ribbons. For some years it has held almost undisputed sway m the lace industry, 
and a single Italian manufacturer of this material consumes annually 15,000 to 20,000 
kilos of artificial silk. Fringe and cord for ornamenting garments, lace, embroidery, &c., 
are now largely made from artificial silk. Special articles which cannot be obtained with 
natural silk are made from the artificial product. There is now a large consumption of 
artificial Imii prepared from artificial silk by fusing together several thin fibres so as to 
form a single large compact filament which, unlike large fibres obtained directly by spinning, 
is flexible and resistant. This artificial white hair, which can be dyed various colouis, 
is in great demand as a substitute for horsehair, which is difficult to bleach and also 
rather expensive owing to the increased demand for horses for military purposes. This 
hair is used for various ornament'^ but mostly for making wigs for ladies and artificial 
bristles. 

Another Liiterestiiig application of artificial silk is in the manufacture of incandescent 
gas-mantles aceorchng to Plaissetty s patent : such mantles are more resistant to shock, 
even after burning, and can be used in trains. 

Largely used also is a new product obtained from viscose, namely, a kind of ebonite, 
w^hich serves w'ell for the manufacture of artistically worked and coloured umbrella handles, 
knife handles, &e., and resists the action of the acids and alkalis with which it is likely to 
come into contact. 

Casein products,* w^hich have also been suggested for these purposes, cannot compete 
withviseobe ebonite, wiiich exhibits marked advantages over bone and horn in the maiiii- 
facture of brushes, as it can be more easily worked and more easily pierced to allow of the 
fixing of the bristles. 

As hair-ornaments for ladies, great use is made of artificial silk ui thin sheets or ribbons 
showing brilliant colours and sparkle. Artificial silk is also used in large quantity for 
making materials for tapestry, upholstery, neckties, hat-hnings, &c., with which no re- 
vsistanee to the action of water is required. With zinc salts viscose smeared on paper or 
fabric show^.s fine silky effects and fine results are also obtained with bronze powxler made 
into a paste with viscose and spread on diffei'ont cloths. 

Important new outlets would offer themselves for artificial silk if the resistance to the 
action of water could be im|>roved. It seems to be a question of saturating the hydroxyl 
groups of hydroeellulose so as to render the latter stable tow'ards water, and the most 
promising attempt yet made is that with cellulose acetate, w^Mch gives a silk highly 
resistant but as yet too expensive, since acetic anhydride is used in its manufacture, 
while the cellulose acetate must be dissolved in chloroform to be spun. In America this 
new product is used as an electrical insulator (its didectric constant is 4 and that of viscose 
7, compared with 5*6 for porcelain). 

The last patents of the Badische Amlin- und Soda-Fabrik in 1904 and the more recent 
ones of Friedrich Bayer and Co., indicate that a speedy solution of this important problem 
may be hoped for. 

’ Arcordingto a Butch patent <jf 1011 (Xo 431,052), part of the casern suited to the manufacture can be sepa- 
rat^sd by precipitating the unsuitable casein (which gives brittle products) from skim-milk by means of sodium 
pyrophosphate solution (3 grms. of the salt per litre of milk). Prom the decanted liquid, the soluble part of the 
casern is then precipitated by means of dilute acid This precipitate is pressed, dissolved in a little dilute ammonia, 
filtered, reprwipitated with acid, a^in pressed, rendered plastic with a little ammonia and spun ; the thread is 
rendered insoluble by means of dilute formaldehyde solution. 
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In Europe there are 30 large artificial silk works, with a capital of more than 
£2,400,000, among these being the original Chardonnet factory at Besangon, which produces 
2000 kilos of silk per clay, and the equally important ones at Frankfort and Tubize (Belgium), 
and that of the Glanzstoff Company at Elberfeld. In Prance there are 7 factories working 
profitably ; m Germany, 8 , Belgium, 3 ; England, 2 ; Spain, 1 ; Austria-Hungary, 
4 ; America, 3 ; Russia, 3 ; Japan, 1. 

The worlchs production of artificial silk was about 2,000,000 kilos in 1905 and more 
than 6,000,000 kilos in 1911, about 2,500,000 being nitrocellulose silk, an equal amount 
cimmomaeal copper oxide silk, and nearly 1,500,000 kilos viscose silk. The output in 
France was about 1,700,000 Inlos in 1908, the exports being 03,700 kilos in 1908, 78,500 
in 1909, and 161,700 m 1910. 

Italy consumes large quantities of artificial silk. The three large Italian factories 
(Padua, Pavia, and Turin) are working under adverse conditions owing to the excessive 
cost of patents and the keen foreign competition. As is showni by the following figures, 
the importation of artificial silk into Italy is continuously increasing : 


1905 

1906 

1907 

1908 

1909 

1910 

kilos 

kilos 

kilos 

kilos 

kilos 

kilos 

White . 275 

12,900 

25,500 

38,250 

68,822 

210.000 (£126.030) 

Dyed . . 2,338 

8,080 

10,920 

2,762 

1,080 

1,660 (£1,060) 

The exports were : 

White . . — 


572 

18,890 

82,472 

83,942 (£50,36.5) 

Dyed . . — 

— 

5,238 

1,187 

5,299 

3,422 (£3,685) 


The exportation is mainly from the w^orks at Padua, wdiich is under contract to send 
its whole output to a German factory. In order to withstand competition better, the 
artificial silk factory at Pavia began in 1911 to use the ammoniacal copper oxide process 
instead of that wfith nitrocellulose which had been previously employed. 

Artificial silk, which was sold at 28^. to 32.9. per kilo in 1903 and 1904, could be bought 
at 20.9. m 1005, w^hilo the price fell to 165. in 1906, 135. 6c7. in 1908, and 125. in 1910, the 
poorer qualities being sold at 65. to 8?. per kilo. 

When artificial silk can be placed on the market at 8s. to IO5. per kilo — and this would 
appear likely at no distant date, owing to the early lapse of the principal patents — a new 
era of activity for this industry will begin, as it will become possible to displace not only 
tussah silk but also all the heavily loaded silks of the fabrics commonly used more especially 
as tram silk. 

The most authoritative information indicates that the cost of manufacture of Char- 
donnet silk should not now exceed 95. 6d. per kilo, allowing for the recovery of most of the 
alcohol and ether (this seems to be effected successfully by passing the air containing 
them through higher alcohols such as butyl or amyl, or by wasliing the fresh fibre on spools 
with water ; see also Note, p. 700), while that of the Glanzstoff (Elberfeld) artificial silk 
should ultimately fall to 6.9. to 7s. per kilo, and that of viscose silk to 5s. to Gs. 

These figures cx]3lain the almost fantastic profits realised by the princii>al factoiies, 
Avhich have sold concessions and rapidly redeemed the cost of their plant and are now 
enabled to jiay dividends of 50 per cent., 100 per cent., or even more. 


CHEMICAL TESTS FOR RECOGNISING DIFFERENT 
TEXTILE FIBRES 

The commonest test for distinguishing animal from vegetable fibres consists in burning 
a thread ; the former burn slowly, giving an odour of burnt nails and forming a round 
granule of carbon at the point of the thread where combustion ceases, while vegetable 
fibres burn more rapidly, are converted into ash and give but little smell, which recalls 
that of burnt paper. Other reactions are as follow : 

Boiling 10 per cent, caustic potash : Hemp, jute, flax, cotton, and artificial silk are 
insoluble and are not coloured (excepting jute, which becomes yellow) ; wool, silk, and 
artificial gelatine silk dissolve after a few minutes. 

Cold cone, sulphuric acid (after 2 hours) : Hemp, flax, jute, cotton, unweighted silk, 
and artificial silk are soluble or almost so, hemp being coloured brownish yellow, jute 
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brownibh black, and mercerised eottuii yellowish, A\hile the rest remain colourless. Wool 
and weighted silk do not dissolve. 

Boiling zinc chloride (60' Be.) : Flax, hemp, jute, and cotton are insoluble, j'ute alone 
being coloured a faint brown. Wool, silk, and artificial silk are soluble. 

Miiveitzfy s reagent {^ee p. o03), after 2 hours in the cold, dissolves more or less completely 
(better if freshly prepared), hemp, flax, jute, cotton, unweighted silk (in less than an hour) 
and artificial silk. Wool is insoluble. 

Millons reagent (solution of mercury in an equal weight of nitric acid of sp. gr. 1‘41, 
first cold, then heated gently, diluted with double the volume of water and decanted after 
fttanding) : Cotton, flax, hemjr, and Chardonnet-Lehner artificial silk are not coloured ; 
jute IS turned yellow’, w’ool and pure silk violet-red, and w'eighted silk and tussah silk 
ochre- red. 

Cone, agifemis fuelihine (just decolorised wuth XaOH) : Wool and silk are coloured red, 
w’hile cotton and flax remain uncoloured. 

Silver nitrate solution : Wool is coloured violet to black, w’hile cotton and flax are not 
coloured. 

lodo-zbic chloride solution (1 2)art iodine -h oKI + 30 fused ZnCl2 + 14 water) in the 
cold : Flax, hemp, cotton, and artificial silk are coloured violet-brown (mercerised cotton 
almost black) ; jute, wool, and tussah silk are turned yellowish and with time become 
colourless ; true silk is not coloured. 

Loire\' reagent (shake 10 grms. copper sulphate, 100 c.c. of w’ater, and 5 grms. of pure 
glycerine and add caustic potash in quantity scarcely sufficient to redissolve the precipitate 
formed) in the cold dissolves only natural silk and is used for the quantitative separation 
of natural from artificial silk. 

Dipkemjlamim sulphate (1 grm. in 100 c.c. cone. H2SOi) in the cold : Hemp, flax, jute, 
and tussah silk are dissolved, giving more or less intense brown colorations (flax dissolves 
less easily and is less colouied) ; cotton and w’Ool dissolve wfith yellow coloration ; silk 
dissolves, gi\ ing d colourless or faintly brown solution ; artificial sillc assumes an intense, 
characteristic blue colour. 

MoUseVs reagent (obtained by dissolving 15 grms. of a-naphthol in 100 c.c. alcohol) : 
the fibre, dyed or otherwise, is first purified by boiling with 2 per cent, sodium carbonate 
solution and w’ashing thoroughly with w’ater. One centigramme of the fibre is treated 
with 1 c.c. of W’ater, 2 drops of Molisch's reagent, and 1 c.c. of cone. H2SO4 ; aU the vege- 
table fibres, including artificial silk, dissolve with a violet-blue coloration ; wool is insoluble 
and is coloured reddish ; silk is dissolved, giving a reddish (or, if weighted, an intense red) 
solution ; tussah silk dissolves, yielding a y’ellowish solution. 

Iodine solution (1 grm. KI, lOi) c.c. HoO, and excess of iodine) : 0*1 grm. of the white 
fibre, purified as above with sodium carbonate, is treated with a few-- drops of iodine solution, 
the excess being removed by means of filter-paper ; hemp, flax, cotton, and artificial silk 
are coloured blackish brown (flax more intensely than hemp and unmercerised cotton 
reddish brown) ; wnoi and silk become orange-yellow’ and jute reddish yellow. 

QUANTITATIVE ANALYSIS OF MIXTURES OF 
TEXTILE FIBRES 

It is often of importance for trade or fiscal purposes to determine quantitatively sub- 
stances extraneous to textile fibres in order to ascertain their commercial weight. This 
is determined by means of the so-called conditioning. 

In conditioning, which is now carried out officially, the moisture is estimated by drying 
in an oven with automatic regulation, and thus determining very exactly the amount of 
dry fibre (absolute w eight) remaining after silk has been heated at 120^ or wool and cotton 
at 105^ to 110°. To obtain the commercial weight the absolute w’eight is increased by the 
normal moisture which the hygroscopic fibre absorbs from the air, this being fixed at 
12 y)ef cent- for flux^ ind hemp^ 13*75 per cent, for jute^ 8*5 per cent, for cotton. 18-25 per 
cent^ for combed wex)!, 17 |>er cent, for spun and carded wool, and 11 per cent, for yic 
(120°) ; also the amount of dressing in the fibre must be deducted- It is, however, to be 
noted that usually wool has only 11 per cent., silk 8*5 per cent., and cotton 7*5 per cent, of 
moisture when in ordinary surroundings. 

Bresung : 5 grms. of the fabric are well washed with water, wrung out, boiled for 
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15 miniates m 150 c.c. of 0*1 per cent, sodium carbonate solution, washed in water and 
rubbed — all the fibres being grasped — heated to boihng with 150 c.c. of 1 per cent. HCl 
and kept on the steam-bath for 15 minutes, again w'ashed and rubbed, boiled for 15 minutes 
with distilled water, -washed with cold w’ater, pressed in a towel, washed two or three times 
with alcohol and two or three times with ether, dried in the air and then in an oven to 
constant weight. 

The loss in weight, after allowing for the moisture (b'ee preceding determination) repre- 
sents the dressing and colouring-matter ; the latter is almost always a neghgible quantity, 
but in the case of black may be taken at about 0 3 per cent, of the weight of the pure 
fibre. 

Mixed Cotton and Wool Fabric. After the moisture and di‘essing have been determined, 
the cotton may be estimated and the wool deduced by difference or vice versa. The cotton 
is determined by boiling 3 grms. of yarn or fabric wnth 100 c.c. of 10 per cent, caustic 
potash solution, the wool quickly dissolving ; the residue is well washed wath w'ater, boiled 
for 15 minutes with distilled water, squeezed, washed with alcohol and with ether, and 
finally heated at 100° to 105° until of constant weight, representmg the dry cotton. In 
reducing this to percentage, account is taken of the moisture and of the dressing. If, 
however, the wool is to be determined directly and the cotton by difference, 3 grms. of 
the fabric are boiled for 15 minutes wath 0-1 per cent, sodium carbonate solution, rinsed 
in water, well wrung out in a towel and left for two hours in cold sulphuric acid of 58° 
Be. ; it is then washed m a large amount of water — care being taken that the remaining 
wool does not become heated — boiled for 15 minutes in distilled water, squeezed, washed 
with alcohol and vith ether, and dried at 100° to 105° until of constant weight, w^hich 
represents the dry wool. 

Mixed Cotton and Silk Fabric. After the moisture and dressing have been determined 
(see abo\^e)i the same piece of dried fabric is immersed for a minute in a boiling solution of 
zinc chloride (60° Be.) and washed first with water slightly acidified with HNO3 and then 
with pure water until the wash water gives no zinc precipitate with ammonium sulphide, 
the remaining cotton being washed with alcohol and with ether and dried at 100° to 105° 
until of constant weight ; the siUc is calculated by difference. In the case of tussah silk, 
the action of the zinc chloride is prolonged somewhat. In order that no loss may occur 
with a heavily weighted silk, the dressing is eliminated by means of sodium carbonate 
alone, treatment with hydrochloric acid being omitted. 

Mixed Wool and Silk Fabric. The silk is dissolved in zinc chloride and the residual 
w^ool weighed, the siUc being determined by difference (see above). 

Natural and Artificial Silk Fabric. The natural silk is dissolved in Lowe’s reagent 
(see above). 

Cotton and Linen Fabric, As a rule the different fibres can be separated by hand, but 
when this is not possible the cotton (after the moisture and dressing have been deter- 
mined on the same piece of fabric) is dissolved by immersing the tissue for 1 to 2 minutes 
in concentrated vsulphuric acid ; the fibre is washed well with water — being rubbed mean- 
while — then with water and ammonia, and again wdth water, the linen remaining being 
dried and weighed. The cotton is obtained by difference. 

Different Artificial Silks. Those from mtrocellulose (de Chardonnet, Lehner, &c,) 
contain traces of mtro-derivatives and with diphenylamine and sulphuric acid give a blue 
reaction, which is not shown by other silks. P. Maschner (1910) distinguishes different silks 
by treatment with concentrated H2SO4 ; that from nitrocellulose colours the liquid a faint 
yellow only after 40 to 60 minutes ; ammoniacal copper oxide silk is coloured yellow or 
brownish yellow immediately, while the liquid becomes brownish j^ellow after 40 to 60 
minutes ; viscose is at once coloured carmine-red, the liquid turning brown after 40 to 
60 minutes. The fibres dissolve after about 20 minutes and then carbonise. 

DYEING AND PRINTING TESTS ON TEXTILE FIBRES 

Of some importance are the tests which admit of the classification of colouring-matters 
according to their basic, acid, neutral, or mordant character. To this end, dyeing or 
printing tests are made on a small scale with wool and cotton (see also p. 671 et seq.). Tests 
made with colorimeters, which compare the intensities of coloration of solutions in tubes 
of equal lengths or vessels of equal thickness, are of little practical value. Hence to ascertain 
II 45 
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the dyeing power of any commercial product, the latter is compared with a standard 
colouring-matter by 'vreighmg out equal quantities (0*1 to 1 grm. |)er htre of water) of the 
two, and dyeing equal weights of 'vvool, cotton, or silli fabric with definite volumes of the 
more or less diluted solutions. The quantity of dye used is always referred to the W'eight 
of the fabric, independentl}’ of the dilution of the bath ; this is especially the case with 
wool (0*1 per cent, of the dye for pale colours and 2 to 4 per cent, for dark colours). The 
dyeing tests are made on 1 to 2 grms. of wool or cotton yarn or tissue in glass or porcelain 
beakers of 150 to 250 c.c. capacity, these being heated in a bath of concentrated sodium 
sulphate solution or of glycerine giving a temperature of 101° to 102° in the dye-bath {see 
Fig. 444). 

If the bath retains much colour after the dyeing, a second portion of the textile is d^^ed 
without adding fresh dye. If the cotton is raw it must first be boiled for an hour in a 
0-5 per cent, caustic soda solution, and then thoroughly rinsed with water. If light 
colours are used, the cotton is also bleached m calcium hypochlorite solution (less than 
1^ Be.) at 25° to 35° for an hour, washed wnth w^ater, immersed in a 1 per cent, sodium 

bisulphite bath {anticMo7^), and well 
rinsed in w'ater. Wool, if impure, is 
heated at 60° for 10 minutes with a 
solution containing 0 5 per cent, of soap 
— I ; and 0*1 per cent, of sodium carbonate, 
i and then W'ell rinsed wnth W’ater. Also 
I silk, if not already discharged, is washed 
with hot soap solution. 

The comparative dyeing tests should 
be made on equal quantities of textile fibre 
w’etted uniformly before introduction into 
the dyeing bath. Silk is dyed like wool, but 
the bath is made less acid and the temperature rather lower. Wool is dyed in an aqueous 
bath containing 10 to 15 per cent, of sodium sulphate and 5 per cent, of sulphuric acid 
(or 6 to 7 percent, of sochum bisulphate — the German Weinsteinpreparat — in place of the 
sulphuric acid) calculated on the weight of fibre ; the bath is stirred continually with a 
glass rod and heated gently to boiling, being kept slowly boiling for 20 to 30 minutes ; 
the w’ool is then rinsed and dried either in the air or in a water-oven. The above procedure 
is follow’ed more especially for acid dyes ; with basic dyes, one- quarter of the amount of 
sulphuric acid is sufficient. When wool is dyed with acid dyes, it is not merely necessary 
to add to the dye-bath the quantity’ of sulphuric acid required to liberate the acid residue 
of the dye so that this can be fixed on the wool, but in order that the latter may be dyed 
intensely and w'«‘ll, 20 to 30 times the theoretical amount of sulphuric acjd must be added 
(E. Kneeht, ISS*^). With mordant dyes, the wool is mordanted with 3 i^er cent, of potassium 
dichromate and 2 5 per cent, of cream of tartar (on the weight of w^ool) and about 100 times 
the wviglit of watii', heating gradually to hoilmg and maintaining this for nearly an hour, 
the water evaporated being gradually replaced ; the w^ool is then rinsed and dyed in the dye- 
bath, w’hich contains a httle acetic acid(l per cent, on the fibre), and is mixed continuously 
and brought slowly to the boil, boiling being maintained for about an hour. 

Kneeht and Hibbert (1903-1905) determine the concentration of the colouring-matters 
in the different solutions by reduction with standard titanium trichloride solution ; crystal 
violet, for example, fixes 2H, giving the colourless leuco- derivative. 

Cotton is dyed with sadstantive dyes in more concentrated baths (50 of water to 1 of 
cotton) containing 30 to 50 per cent, of sodium chloride or sulphate and 1 to 2 per cent, 
of sodium carbonate (on the fibre) ; this is heated slowly and kept boiling for 30 to 40 
minutes ; in general the bath is not exhausted and can be used for a second portion of 
cotton. In the case of sulphur colours^ 20 to 30 per cent, of sodium sulphide are added to 
the bath and in some cases 2 to 3 per cent, of glucose, and during the dyeing the cotton 
is kept immersed and out of contact with the air. When basic colouring -matters are used 
the cotton is previously mordanted with 2 to 4 per cent, of tannin dissolved in water, 
being left in contact with this solution for 6 to 7 hours (overnight) at 50° to 60° (the tannin 
is fixed more slowly in the cold) ; the cotton is then wrung, immersed for 10 minutes in a 
bath containing 2 per cent, of tartar emetic (antimony potassium tartrate) at 40°, rinsed 
with water and dyed in the tepid (30^ to 40°) dye-bath for 20 to 30 minutes. 
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Dyeing on a large scale is caiTied on under the same conditions, but the calculations 
are made on a longer time, and great precautions are taken in the moving of the fibre and 
in raising the temperature, so as to obtain uniformity. For dark colours, the tannin is 
fixed with ferric nitrate instead of with tartar emetic. Industrial dyeing apparatus is 
shown more in detail later (p. 717). 

PRINTING TESTS. The object of printing is to colour the fabric or yarn in a definite 
pattern or with different colours, part of the fibre being possibly left unaltered. In the 
first rudimentary printing processes, the fabric was printed with resin or a kind of cement, 
the uncovered parts being dyed as usual and the preserving substance subseq^uently 
removed. It is now usually regarded as preferable to stamp, ?.e. to print, on the fabric 
or yarn the colour mixed with tlnchening (gum, dextrin, gum tragacanth, &c.) by means 
of metal rolls on which the desired pattern is engraved. The engraved roU is coated with 
the pasty colour by rotating against a rubber or cloth roller {furnisher), one-haK of which 
dips in a vessel containing the thickened colour ; a knife {doctor) is arranged so as to 
scrape the excess of colour from the metal roll, and the yarn or fabric then passes over the 
latter under pressure. In order to fix the colour and prevent it from spreading, the 
fibre IS subjected for 30 to 60 minutes to the action of steam at about 105° {see p. 731). 
By this means the colour is fixed without immersing the printed fibre. The latter is 
subsequently washed with an abundance of cold water (or with tepid soap and water), 
which removes all excess of colour and thickening agent. In other cases similar effects 
are obtained by dyeing uniformly in the ordinary way and then printing on the dyed fabric 
reagents which decolorise (corrode) the dye at the points of contact. Sometimes other 
colours are introduced with the corroding agent, so that the white parts are dyed a fighter 
or darker shade or a different colour from the foundation. 

A kilo of thickened colour for printing wool black — the wool having been previously 
subjected to slight chlorination to make it take up the colouring-matter better (by immersion 
in a cold calcium hypochlorite bath at 0*5° Be. and then in very dilute HCl, washing, and 
drying) — may be obtained as follows: 750 c.c. of water, 100 grms. of gum, and 100 grms. of 
British gum (dextrin) are heated in a jacketed vessel by means of indirect steam and kept 
well mixed, 60 grms. of anthracite black E G and 10 grms. of nulling yellow 0 (and, in 
some cases, 8 grms. of anthracene acid brown R) being added. When the paste is boiled 
uniform, it is allowed to cool, and before it is used a solution containing 80 c.c. 
of water, 120 c.c. of acetic acid (6° Be.), and 40 grms. of sodium chlorate is well 
mixed in. 

For printing cotton textiles, colours are used which form insoluble lakes with tannin 
or metallic oxides ; such are basic and mordant colouring-matters (alizarin, &c.). The 
former are dissolved in acetic acid and tannin (or a solution of 50 parts of tannin, 50 of 
water, and 5 of tartaric acid) and the latter (alizarin, &c.) in chromium (or iron, aluminium, 
&c.) acetate, dextrin, gum, &c., being added in either case. Fabrics treated with tannin, 
after being steamed at the ordinary pressure and before being washed, are passed into 
a bath containing 5 to 10 grms. of tartar emetic per litre at 60°. 

FASTNESS TESTS. The fastness of a colour is only relative and must be considered 
with reference to the purposes for which the dyed fibre is required ; for example, it would 
be superfluous to require fastness against fight in dyed fibres or fabrics to be used for 
stockings, linings, &c. The dyed specimen is mixed with similar undyed fibre and subjected 
to the following tests, as required. Mordanted colours answer all these tests fairly well, 
but in other cases more or less of the colour is given up. 

Fastness against Water. The sample is immersed in 50 times its weight of coldwat^r 
for 12 hours or for 1 hour in water at 60° to 70° (and is left to cool in the bath) and jis 
then dried in the oven. Note is taken of the colour assumed by the water and by the 
white fibre, especially where the latter comes into contract with the dyed fibre. 

Fastness against Soap, Alkali, and Washing. The skein of white and dyed fibre is 
immersed m 60 times its weight of an aqueous solution containing 10 grms. of Marseilles 
soap and 10 grms. of soda per litre. The bath is heated at 60° for 30 minutes and allowed 
to cool, the skein being then removed, well rinsed, and dried. The changes in colour of 
the bath and the white and dyed fibres are observed. 

Fastness against Milling. This test is carried out with a soap and soda solution, of 
double the above concentration, at 40°, the skein being continually rubbed between the 
hands for 30 minutes, and then well washed and dried in the oven. Colours fast to^milfii^ 
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sbould not soil the Tfhite portion of the skein and should give up only a minimal amount of 
colour to the bath. 

Fastness against Bleach. If the colour is on wool or silk it is immersed in a 2 per cent, 
sodium bisulphite bath acidified at the moment of using ^ith a few drops of hydrochloiic 
acid, and, after SO minutes, washed and dried. When the colour is on cotton, the test is 
made with a calcium hypochlorite bath at 0*5" Be. for half an hour. 

Fastness against Scouring. Indigo, Turkey-red, and all basic dyes on cotton mordanted 
with tannin, even when dry, give up a little colour to a white handkerchief with wdiich 
they are scoured. Other dyes should not soil the wliite. 

Fastness against Acid. " The test is carried out for an hour with 1 per cent, sulphuric 
acid at 60* to 70". 

Fastness against Perspiration, In some cases this test is made with a 1 per cent, acetic 
acid solution for 3U minutes at 60% the skein being dried at 60* under slight pressure, 
without rinsing and after thorough rubbing. In others, an alkaline test is made— as in 
teding fastness against washmg—hut the unrinsed skein is subsequently scrubbed and 
dried at 60* under slight pressui'e. 

Fastness against Ironing. The dyed tissue or yarn is ironed with a very hot iron ( 1 30° 
to 140°), note being taken w^hethei% after coohiig and exposure to the air for 15 minutes, 
the fabric resumes its original colour. Many colours are changed by iromng hot. but return 
to their initial state in the cold. 

Fastness against Steaming. The yarn is placed in a glass tube, through wrhich steam 
at 110° is passed for two or three minutes. 

Fastness against Light. One half of a skein of yarn or of a strip of fabric is tightly 
enclo.sed between tivo pieces of card, while the other half is left free ; the wiiole is then 
hung in the open air exposed to the sun and w^eather. For pale colours, an exposure 
of at least two days, and for dark coloius, one of at least four days, is necessary in summer, 
w'hile in winter or in cloudy or rainy w’eather (the skein must be sheltered from rain), 
at least double or even treble these exposures are necessary. The covered and uncovered 
portions are subsequently compared. 

Fastness of the Dressing against Rain. A few drops of water are sprinkled on the fabric, 
especially finer w'oollen ones, and after exposure to the air it is noted whether the drops 
have left faint spots. In some cases the fabric is scratched with the thumb-nail ; a paler 
streak should not result. This test is not applied to cotton fabrics strongly dressed, since 
the nail will sometimes detach the dressing itself. 

THEORY OF DYEING. The phenomenon of dyeing was at one time thought to be 
due to the porohity and capillarity of fibres w'hich w'cre thus enabled to absorb, and become 
impregnated with, dyes. The possibility’" of chemical combination between the dye and 
the fibre was regarded as excluded, it being asserted that in such case the fibre w^ould 
undergo marked change. The different colouring powders of substances were explained 
as due to different molecular magnitudes. Even at the beginmng of last century, in 
ChreveuFs time, these ideas prevailed, and only in the case of mordant dyeing was any 
chemical fixation of the dyestuff assumed. Later on, Bergman, J. Persoz, &c., arrived at 
a purely chemical conception of the phenomenon of dyeing. But when in 1 885 substantive 
cotton dyestuffs of almost neutral character made their appearance, the chemical theory, 
which was. based mainly on the basic or acidic nature of the dyestuffs, was in some degree 
shaken. Many then accepted a new theory in harmony with the osmotic phenomena of 
solutions, the more readily because no definite and constant relation hetw'een the amount 
of fibre and that of dyestuff combined had been established. The chemical theory w’-as, 
and is still, however, upheld by many authonties on the subject, more particularly by 
Noelting, by Knecht, and by Vignon, who have pointed out that alloys form well charac- 
terised eompoimds wliich exhibit no definite chemical relations between the components 
and may be regarded as true solid solutions of one substance in excess of the other. Further, 
they were able to show that silk and wool, in combining with colouring-matters, set free 
the acid united with the base of the dyestuff, this acid being found’ in the dye-bath. Also, 
with certain acid dyestuffs (e.gf. naphthol yellow), Knecht and Appleyard found a constant 
jfelation between fibre and dyestuff. 

Jacquemin assarts that if there were no question of chemical combination, the dry 
dyed tissue should have the colour of the dty colouring-matter, whereas it has the same 
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colour as the dissolved colouring- matter. Nietzki finds that with certain highly basic 
colours {e,g. methyl green), wool cannot of itself displace the mineral acid of the colouring 
base, the addition of ammonia being necessary ; while, with the same colouring-matters the 
more markedly acidic silk is dyed without any addition. 

An interesting fact, wdiich supports the chemical theory, is that the base of rosanihne 
is colourless and becomes red (fuchsine) only when converted into a salt vnth HCi ; a 
similar change is produced if^wool is immersed in a colourless rosamline (base) bath, the 
wool being dyed red ownng to the formation of a salt. If the dyeing is effected directly 
by rosamline iiydrochioride, the bath ultimately contains the hydrochloric acid which is 
displaced by the acid of the wool fibre (Jacquemin and Knecht, 1888). 

Moreover Richard (1888), Vignon (1890), and Nietzki (1890) showed that silk and also 
wool are active both towards acids and towards bases, so that in chemical characters 
they are comparable with the amino-acids. The fibre may even be replaced by albumin, 
which is dyed by the same dyestuffs as wool, &:c. 

According to W. Suida (1907) the dymmg of wool is accompanied b}- liberation of the base 
of the dyestufi: w^hich combines (or forms salts) with t^ie textile fibre, the latter function- 
ing as a polybasic acid in virtue of its guanidyl and in .dazole groups. Also Vignon showed 
that when wool and silk are dyed with basic or acid colouring-matters heat is developed, 
so that the dyeing may be regarded as a true, exothermic chemical reaction. According 
to Vignon cotton is not dyed directly by basic or acid dyestufts (which are usually salts) 
since it has not the reactive force to decompose them ; but if it is previously oxidised 
or animated, it fixes these dyestuffs partially with development of heat. Further, the 
difference in fastness against light of the same colouring-matter {e,g. methylene blue) 
fixed on cotton (with tanmn) and on wool or silk would appear to favour the chemical 
hypothesis of the phenomenon of dyeing. 

In 1889 0. N. Witt advanced a new theory, which explains also the dyeing of cotton 
with substantive and mordant dyes. According to Witt, dyeing consists merely of a 
solution of the colouring-matter in the fibre, analogous to that of solution of coloured 
metallic oxides in glass. So that the colouring-matter passes from a liquid solvent (dye* 
bath) to a sohd one — the fibre itself — just as occurs with alloys or in the extraction with 
ether of a substance dissolved in another solvent in which it is less soluble than in ether — 
assuming that the two solvents are mutually insoluble. 

Dyeing on mordants is similarly explained as due to the solvent properties of the fibres 
for the metallic salts, these then fixing the colouring-^^uitter from the dye-bath. The 
dyeing of cotton with substantive dyestuffs is regarded as the result of the marked solvent 
power of cotton (cellulose) for these dyes. In supxiort of his theory, Witt cites the fact 
that silk dyed with fuchsine gives up its colour to alcohol, which is a better solvent for 
fuchsine than is silk, w’^hilc if the alcohol is then diluted with water, the colour is again 
fixed by the silk. 

To this observation Knecht (1902) made the reply that, with substantive colouring- 
matters, lanuginic and sericinic acids form insoluble lakes, i,e, true compounds, while 
with fuchsine they form lakes soluble in alcohol ; it is therefore to he supposed that the 
fuchsine extracted by Witt with alcohol is m reality the soluble lake formed by the fuchsine 
with the components of the fibre. Rosenstiehl (1894), Reisse (1896), and Gillet (1898), 
after various quantitative dyeing tests, decided in favour of the chemical hypothesis. 

In 1894-*! 895 Georgievics advanced a number of arguments m favour of a purely 
mechanical theory of dyeing (his predecessors of a century earHcr being Hellot and Le 
Pileur d’Apligny, and those of more recent times Walter Crum, Spohn, and Hwass). Com- 
paring the latter with occlusion of gases by solids or with the mechanical fixation of dyes 
on sand or on powdered charcoal, &:c., he maintained that colouring-matters fixed on fibres 
have the same properties as those not so fixed, and that there can hence be no question 
of a chemical reaction [hut see above, Knecht’s experiment), since some dyestuffs fixed on 
fibres can be separated by mere sublimation, while in other cases (with methylene blue 
and indigo carmine) the coefficient of distribution of the colouring-matter in the fibre and 
in the solution is constant. According to Krafft (1899), dyeing generally consists in a 
deposition, on or in the fibre, of adhesive and resistant colouring salts in the colloidal 
state. 

Biltz (1905) has succeeded in producing true dyeing phenomena by replacing the textile 
fibre (cotton) by aluminium hydroxide or otfier hydroi^des which behave us h^drogeU 
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(see voL i, p. 102) towards the colouiing-niatter, which is regarded as a colloid (bcnzo- 
pnrpurin and sulphur dyes). Freiindlich and Loser (190i) have shown that carbon not 
only fixes colouring -matters but decompobcs bacsic eolouring-matteis, lixing the coloured 
base in the colloidal state and leaving the acid in solution, in the same way as happens 
vnth wool or silk. Knecht has recently (10<h0 found that the amount of colouring- matter 
fixed by charcoal is related to the quantity of nitrogenous matter remaining m the charcoal 
even after ignition, so that here a tiiie cheinical reaction occurs ; this investigator has ako 
shown that colouring-matters cannot be legardcd as colloids, since they are electrolytes 
and diffuse through membranes. 

In 1909 Dreaper and Davis demonstrated that basic colouring-matters are fixed in 
constant quantity on calcined sand, and in increased quantity if the dye solution contains 
sodium chloride.'^ Rosenstiehl assumes that the phenomenon of dyeing is explainable 
by the cohesive force between the colourmg-iiiatter and the textile fibre, this force varying 
with the liquid or gaseous medium in which the dyeing takes place and depending on or 
being produced by the osmotic pressure of this medium. 

According to Muller and Siassarski (1909) dyeing may he legardcd as a phenomenon 
of adsorjAion of the colouring- matter by the colloid, i,c. the textile hbre. There is hence 
not chemical combination, but fixation under definite conditions (of moistuie and tem- 
perature). 

Mercerised cotton fixes colouring-matter on account of its more marked colloidal 
character. The proces.^ of fixation or acLoiption may also be reversible and all the pheno- 
mena of direid dyeing depend on the relative eoefticieiit of ddsorption of the colloid (fibre) 
for the colouring-matter. Freiindlich and Losev and Pelet-Johvet attribute dyeing to 
adsoridion because the fixation of the colounng-matter from solution by any textile fibre 

obeys the formula, — = (where -^denotes the ratio between the quantity of colour 

" m n in 

absorbed and the weight of the textile fibre, K and — are constants, and C indicates the 

final concentration of the colouring-matter), which also regulates the adsorption of gases 
by solid substances and that of various dissolved substances by animal charcoal. It 
cannot, however, be denied that certain limited chemical processes also correspond with 
this formula, and that many phenomena accompanying dyeing are most simply explained 
chemically. 

Indeed, W. J. iMiillcr and Siassarski (1910), by means of experiments on the dyeing 
of artificial silk, show that the absorbed colour varies in quantity with the chemical pro- 
perties of the cellulose (raw, oxyceliulose, hydrocelliilose). 

Every’ hypothe.sis is supported by some experimental fact, and it would seem that, 
according to the nature of the fibre, of the colouring-matter, and of the dyeing process, 
the phenomenon is explainable either on purely physical or on purely chemical grounds, 
but more generally on both. 

0. Weber (1891, 1899) and Gnehin (1898) explain the various phenomena of dyeing 
in the following way: (1) Dyeing on mordanted cotton is due to the formation of lakes 
betw’een the colouring- matter and the mordant precipitated mechanically on the cotton. 
(2) Azo- colouring-matters formed directly on the fibre {see 658) or pigments held by it, 
ultramarine, cinnabar, ochre, Guinea green, &:c.) are merely preeqatates deposited mechani" 
caily in the pores of the fibre. (3) The direct dyeing of cotton with substantive dyes 
consists in solution of the colouring salt in the cell jmee, and the marked fastness against 
washing of these colours on cotton is due to their slow diffusion with the juice (Muller- 
Jacobs and Weber). (4) Dyeing of tannin-mordanted cotton with basic or indigo colours 
is a true mechanical occlusion. (5) Direct dyeing of wool and silk and other animal 
fibres with basic or acid colouring-matters is due partly to mechanical absorption, and partly 
to chemical combination, of the colouring-matter by the fibre. (6) The dyeing of mordanted 
animal fibres is explained by the formation of insoluble lakes, partly by the mordant 
fixed chemically by the fibre, and partly by that fixed mechanically -within the fibre, but 
is never caused by combination of the unchanged fibre with the colouring-matter. 

As regards the mordanting of wmol, it has been shown that when this is boiled with 
metallic salts, it fixes not only the basic part but also the acid part of the salt (only of 
unstable salts, e,g. sulphate of Al, Cr, Cu, or Ee, and not sodium sulphate or chloride); the 
letter part m eliminated to some extent by water, but the basic part is fixed more stably. 
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MACHINERY USED IN DYEING AND FINISHING 
TEXTILE FIBRES 


The limits of this tredlise ho not allou of the inclusion of a eoiiipleie description of all 
the machinery used in works where textile fibres are dyed and finished. We shall hence 
confine ourselves to illustrating some of the principal washing, dj^emg, and dressing 
machines. 

WASHING AND PREPARATION, At the dye-house, textile fibres arrive either raw 
(cotton and wool in flock) or combed (wool in skeins or tops) or spun in skeins or on bobbins 

(wool, cotton, silk), or more commonly woven in pieces 
30 to 100 metres long and 60 to 140 cm. ^\ide (woollen, 
cotton, silk, or mixed fabrics). 

Wool is sometimes supplied free from its natural fat 
{see p. 681) but, whether as fabric or as yarn, contains 
the fat or dressing used in wea\dng or spinning. 

Cotton is still in the raw state, and, m order that the 
colouring-matter may be fixed well, it is subjected to 
energetic boiling under slight pressure with water and 
with soda. With either flock or skein cotton, this treat- 
ment is carried out in large, closed, iron or copper boilers 
(Fig. 445), provided with pumps or steam-injectors for 
circulating the Hquid, the textile material not being 
moved as it might be damaged. As a rule the boiler is 
either evacuated or freed from air by a current of steam, 
since air damages the fibre owing to formation of oxy- 
cellulose, and also gives dark lye ; along with the caustic 
Fic. 445. soda, vigorously frothing soap (from castor oil, for example) 

is introduced. 

The washing of cotton goods to rid them of the starch with which the weft was charged 
for weaving purposes was at one time carried out by heating them with milk of lime, but 
better results are obtained by heating witli 
dilute caustic soda solution in an autoclave 
under steam-pressure. Nowadays the goods 
are often passed through a lukewarm bath of 
diamalt or diastofor (malt extracts rich in 
diastase) and left in heaps overnight, the 
starch being thus transformed into soluble 
dextrin and maltose. The latter products 
are removed by thorough rinsing in water : 
the material passes between the two rollers 
A and B (Fig. 446) into the water, round the 
roller (7, up between A and B, down again and 
so on until it reaches the middle, where it is 
removed, together with a similar piece intro- 
duced at the other end of the machine ; the 
pieces of material are tied end to end and 
passed through this washer in a continuous 
length ; an abundant supply of water enters 
the vessel at D and is drawn off through 
another pipe. 

When washed the goods are soured with a Fig.346. 

solution of sulphuric acid (0-5° Be.), either 

cold or tepid (with the latter the action is very rapid, even with more dilute acid) ; the 
pieces may be tied together in cords and passed through this solution {see Fig. 446). 
Bleaching is then effected in a clear chloride of lime bath (0*5 to 0*75° Be) ; this occupies 
some hours in the cold, or, if the liquid is lukewarm, the material may be passed continuously 
through it as before. Then follows rinsing and treatment with antichlor (sodium 




bisulphite). 

Skeins of cotton yarn may also be bleached wdth chloride of lime in an apparatus with 
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automatic circiilatiun of the liquid, a'l .sho’VMi in Fig- 44.3, 5 sluie the riiihiiig may he 
effected m rotating machines (Fig. 447 j, where cMch skein rotates on a reel and ail the 
reels rotate horizontally in a circulation ves'=;eh a water-spray being used meanwhile. 

According to Pick and Erhan cotton may be bleached in the colch without preliniinar}” 
boiling with alkali, by means of sodium hypochlorite solution inixecl with sulphoricinate ; 



Fig. 447. 


Fig 448. 


fabrics mav be bleached by passing them repeatedly into a sodium permanganate bath 
(0*6 to 0-7'^per cent, of the permanganate on the weight of fibre) until the bath is almost 
decolorised and the fibre turned brown, then into a sodium sulphite or sodium nitrite bath 
{<) -6 to 0-7 per cent, on the fibre) and finally into sulphuric acid (4 per cent, on the fibre). 
The Washing of skeins of wool yam in a tepid bath (50° to 60°) is carried out by passing 

the skein, for a minute between two rolls (Fig. 
^ 448), then twisting the skein and again 



Fig. 440. Fig. 450. 


squeezing it. Subsequent thorough washing with water—in the vessel shown in Fig, 447, 
for example— renders the skein of w^ool ready for dyeing. In all these operations and in 
those which follow, woollen yams are treated with greater care than cotton ones, it being 
necessary to manipulate, press, and rub them as little as possible and only very slowly, 
in order to avoid felting. 

Bleaching of washed woollen yams or fabrics (wrung out uniformly by means of centri- 
fuges : see p. 468) by sulphuring is effected by stretching them out on rods in tightly 
dosed chambers in which sulphur has been previously burnt in a cup situate in an angle 
heated by a furnace outside. Here the wool is left overnight, and in the morning the windows 
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are opened and the wool dried and deodorised in the air. The amount of sulphur burnt 
is 2 to 3 per cent, on the weight of the wool, or less if the chamber is a small one and deficiency 
of air is maintained in order to avoid sub- 
limation of the sulphur and its deposition 
as a yellow powder in the wool. 

Bleaching with Hydrogen Peroxide is 
carried out in the cold or at a gentle heat, and 
for woollen yarn, paraffined wooden vessels, 
or, better, cement troughs, are used. W oollen 
or silk fabrics are wound into a vessel similar 
to that used for dyeing [f^ee Inter), or, better, 
on a jigger {see late? ). The bath is prepared 
by diluting commercial 10 to 12 voL H 2 O 2 
with 8 to 10 times its volume of water, and , 
rendering it slightly all^ahne with ammonia 
{see vol. i, p. 235). After use the bath is 
preserved by acidification with sulphuric 
acid. More economical bleaching is obtained 
with sodium peroxide, which, however, must 
be used with great caution {see vol. i, p. 440) ; 
better results are obtained with sodium 
perborate {see vol, i, p. 480) in a bath containing, say, 200 litres of water, 600 grms. 
of sulphuric acid of 66° Be., and T8 kilo of sodium silicate at 40° Be. 



Pig. 451. 



Pig. 452. 


Washing of Woollen Fabrics is carried out in various ways. A number of the pieces, 
the two ends of each being tied together, are wmimd round in a trough fitted with a pair 
of pressure rollers, A and B (Figs. 449, 450), and containing hot soap and soda solution. 
Beneath the rolls is a wooden channel, G, to collect the expressed liquid, which for some 



time is allowed to run back through r, but when dirty is run off outside. Thorough rinsing 
with water is carried out in the same vessel. It must be noted that almost all washing 
and dyeing machinery is fitted with arrangements for obtaining different velocities of 
the moving parts, with pipes for water and steam, &c. 

Very heavy woollen fabrics are more easily washed at their full width in vessels (Pig. 451) 
similar to the preceding. But the lighter ones are most conveniently dealt with by joining 




For malciiig certain articles, woollens must be subjected to Milling, which transforms 
them into more or close cloth. 

W'hen the pieces are rolled up, moistened with soap solution, and then continually 
compimsed and rubbed together, the wool is felted and cloth formed in the course of a 
few hours. The niilhng machine in which this is effected is shown in Figs. 454 and 45*5. 
The material is caught between the three w^ooden rollers A, B, and (7, which compress 

them and force them into the wooden 
channel R where the pressure of the 
plate R may be increased by the spring 
^4 ; the expressed liquid collects in the 
channel E and is at first returned but 
later discharged. If any knots were 
formed they-w^ould stick at P and raise 
a spring, T, thus stopping the driving- 
belt. With certain heavy fabrics already 
soaked with oleine, milling is carried out 
with addition of a Httle soda solution, 
which saponifies the oleic acid. In some 
cases dilute sulphuric acid is used, but 
better results are apparently obtained 
with 1 per cent, lactic acid solution, the 
wool then retaining greater lustre and elas- 
ticity (G. Ita, Ger. Pat. 236,153 of 1910). 

Some fabrics wiiich are required to take bright designs and a very smooth and shiny 
surface (saitn, &e.) are freed from the dow'u always accompanying textile fibres — especially 
after w’^ashing, &c. — by passing them, quite taut, quickly over a row of gas-jets (or over a 
sheet of heated copper or a stiip of metal heated electrically), which burn the hair on the 
face and sometimes on the reverse of the fabric too (see Fig. 456, where the gas-jets run 
horizontally from A and B), 

The removal of cotton fibres or bits of vegetable matter (which would become more 
noticeable after dyeing) from woollens may be effected by hand, but is more commonly 
attained by Carbonisation, In this the fabric is impregnated uniformly with sulphuric 



Fig. 456. 
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acid of about 4'^ Be. (or aluinimum ciiloriclc solution), ceninfuged and lu'atcal at lio”" to 135'^ 
— being passed at ^Mdtll either over a senes of tinned sheet-iron or copper rollers fbiiiuiar 



FiGf 457. 


to those used for drying woven goods after dyeing) through which steam at 2 to 3 atmos. is 
passed {see Fig. 481, -g. 724) or else slowly through a large oven heated with hot air or 
with branched pipes fed with steam under pressure {see Fig. 457). In this way all the 



Fig. 458. 


vegetable fibres are incinerated or carbonised and are eliminated in the subsequent 
souring, which occupies an hour and is effected by means of a large quantity of water 
in the washing vessels already described (Figs. 449, 450). 

As has been mentioned, woollen fabrics exhibit a tendency to felt and shrink, and these 
actions may become very pronounced during dyeing, when the material is kept moving 
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in boiling baths for two or three liours. In order to avoid these changes, which likewise 
often spoil the design, the fabric is subjected to Fixing, which consists in heating it in a 
stretched condition in vigorously boiling W'atcr, /.c. at a temperature rather higher than 
any it wall experience in subsequent operations ; scalding of the fibres in this w^ay causes 



Fig. 459 


partial loss of their elasticity and power of contraction, and the fabric shrinks less during 
dyeing. Light fabrics are fixed m the so-called revolver machine (Fig. 458), in which the 
material is w'ound in compact rolls on reels dipping into a vessel of water kept briskly 
boiling ; each reel may have six rolls and one reel is arranged in each of two adjacent 
vessels. The axis of each reel revolves during the winding, and when the first reel has 



Fig, 4G0. 


received the first six rolls, the first roll begins to unwind to form another on the second reel, 
so that the part of the fabric which was peripheral on the first roll becomes central in the 
roll of the second reel This procedure prevents any subsequent irregularity of colouring 
owing to the more ready and more intense fixation of the dye on the parts subjected to 
the most prolonged action of the boiling water. Each roll may contain from 100 to 300 
metres of fabric, ’which is fixed in about an hour. 

Certain heavy woollens with a satin surface (and also mixed wool and cotton goods— 
miem-ov cotton goods with a satin foundation) are fixed, and at the same time furnished 
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with a lustre which persists even after dyeuig, by so-called crabbing. The machine in 
which this is carried out consists essentially of two or three pairs of superposed heavy rolls 
of solid iron (Figs. 459, 460). One -half of the lower roll of each pair dips into a long 
narrow vessel of water kept boiling by direct steam. The stretched, smooth cloth is wound 
in compact rolls on the lower roll, and is then allowed to revolve for 30 to 40 minutes in the 

boihng water, being jiressed by the 
upper roll, which revolves freely and 
can be weighted by means of levens. 
The fabric then passes to the lower 
roller of the adjacent vessel and so on. 

DYEING. Cotton and -wool in flock 
wore at one time dyed by immersing 
them — ill cloth or net— in open wooden 
vessels contaimng the hot dye-bath. 
Use w^as afterwards made of mechanical 
apparatus similar to that shown in 
Fig. 445, where the material remains 
stationary on a false bottom, below 
which the ’hquid is dravm off and 
pumped to the top. 

It was, however, often found that 
the liquid did not pass uniformly 
through the whole of the flbre but went 
more easily through that which was 
least compressed and which contained channels, thus producing irregular dyeing. 
Almost universal use is now made of mechanical apparatus similar to the above, but 
with the fibre highly compressed (see Fig. 461). In this case the pump, w^hich must be 
more powerful, causes complete penetration of the liquid, and much better results are 
obtained. Skeins of yarn can also be dyed in this apparatus when they are well com- 
pressed. After the discharge of the dye-bath (kept, if required, for a subsequent 
operation), the dyed fibre may be washed in the same vessel. 

To dye combed wool (tops) wound on to bobbins by suitable machines (Fig. 462), very 
general use is made of Obermaier mechanical 
apparatus of the revolver type, m which the 
bobbins are arranged in as many horizontal, 
cylindrical cases fitting into a vertical cylinder 
closed at the top and communicating below 
with the pipe of a pump, which it fits exactly 
(Fig. 463) ; the mode of action is shown 
clearly by the figure. A more simple appa- 
ratus which carries larger charges and is 
largely u-sed also for yarn on bobbins with 
crossed thread, is that of Halle shown ii 
Fig. 464, where may be seen the false botton 
supporting the bobbins, the pump for circu 
lating the dye solution and the perforated 
cover pressed down by vertical screws. In 
these mechanical apparatus it is always 
possible to reverse the sense in which the 
liquid circulates, homogeneous dyeing being 
thus more easily obtained. 

With skeins of spun fibre, various methods of dyeing are in use : in the old method, 
still largely used, the skeins are threaded on smooth round sticks so that one-haK of the 
skein is immersed in the dye- bath, the skeins being turned or inverted on the stick from 
time to time by hand (see Fig. 465). The form of the wooden vessel is now simpler, as is 
seen from Figs. 466 and 467, which show the perforated false bottom below which are the 
direct or indirect steam-pipes for heating the bath, and the perforated wall, P, outside of 
which the colour is gradually added so that it may not come into immediate contact with 
the neighbouring skeins. 



Fig. 462. 



Fig 461. 
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A mechanicai apparatus for dyeing skeins is shown in Fig. 468. The skeins are threaded 
on'rods which are rotated by toothed wheels, while the wdiole frame can be raised from or 
lowered into the bath by a toothed rack. Still better is the Klauder-^'^ eldon revolving 
apparatus shown in Figs. 469 and 470 : on a large bronze wdieeh one-half of which dijis 



Fig. 4G3. 


into a trough w’hile the other half is covered, are fixed axial and peripheral rods, which 
keep the skeins taut. The wdieel revolves slowly in the d 5 "e-bath, and the pegs, h, at the ends 
of the peripheral rods knock against an iron striker inside the trough, so that the rods 
revolve slightly each time ; hence the skeins threaded on them are moved a few centi- 
metres. Two workmen suffice for the charging and discharging of 100 to 200 kilos of wool 



Fig. 464. 


or cotton, while dining the dyeing one man can look after three or four of these machines, 
adding the necessary colour now- and then by means of the copper funnel A, 

The steam for heating the bath reaches the bottom of the trough by the tube d. At e 
is an automatic indicator w-hicli shows when any particular peripheral rod does not turn 
owing to the skein being caught. The rapidity of revolution may be altered, but, as a rule, 
the movement is slow in order that the wool may not be felted. 

In recent years a happy solution has been found to the problem of dyeing cotton or 
woollen yam while still wound on the tubes of the spinning machine as spools or cops. 
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thus avoiding the winding into skeins and preserving the fibre better. At first the |)er- 
forated tubes of the bobbins were inserted in drums which rotated in the bath and from 
the interior of which the air or hquid was jiumped, the bath being hence circulated from 

the interior to the exterior of every bobbin and vice 
versa (Figs. 471, 472). There are various other arrange- 
ments, but recently a good reception has been ever 5 "- 
where accorded to an apparatus devised by De Keuke- 
laeres of Brussels. This compresses the skeins or bobbins 
in a square iron or cox3per case on to a iierforated false 
bottom, while, before the case is covered with a jier- 
forated metal plate, the yarn is covered with sea-sand, 
which is forced into all the pores of the mass not occupied 
by fibre by means of a water- jet. The cover is then 
fitted and screwed tight, and the bath circulated through 
the mass of yarn by means of a puni]! capable of develop- 
ing considerable jiressure ; the liquid may circulate from 
Fig 465. bottom to top and vice versa and, finding no channels 

0 ]jen, is obhged to traverse the fibre uniformly. When 
the dyeing is finished, it suffices to jilace the bobbins in a perforated basket and to shake 
this in a vessel of water to separate the whole of the sand, which collects at the bottom 
of the vessel and can be used again. 



Fig. 466. 



For dyeing skeins of cotton with Turkey red, which is the fastest red for cotton, the 
latter must be prepared and mordanted. It is not bleached with chlorine but is boiled 


for a long time with a caustic soda solution 
5 hours. When washed, the skeins of 
cotton are passed repeatedly into a bath 
of neutralised ammonium sulphoncinate 
(20 kilos of 50 per cent, strength per 100 
litres of water ; see p. 327) ; this operation 
is readily done with a suitable machine 
(Fig, 473), which is fitted with ingenious 
contrivances for jiressing, wringing, un- 
twisting, and immersing the skeins in the 
sulphoricinate bath repeatedly and auto- 
matically. When thoroughly soaked, the 
skeins are dried at 50° to 60°, then steamed 


(0-75° Be.) under pressure (2 atmos.) for 4 to 



Fig. 467, 


under an excess pressure of 0*5 atmos. in an autoclave for an hour, and afterwards passed 
into the mordanting bath, consisting of a basic aluminium sulphate solution (7° Be.) at 
45° (with an iron mordant, a violet colour is obtained instead of red ; with one of tin an 
orange colour, and with one of chromium a reddisH brown colour ; but these mordants 
are rarely used in practice) ; they are subsequently dried at 45°, 
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Use is often made next of a tepid bath consisting either of a httle chalk suspended in 
water or of sodium arsenate, to remove any sulj)horicinate not stably fixed, and hence to 
give hubsec^uently a brighter colour. After this preparation, the skeins ai'e passed into^ the 
dye-bath (10 to Id per cent, of alizarin pa^te, calculated on the weight of cotton) contained 
in vooden vats and heated by tinned copper steani-coils ; the temperature is first kept at, 
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25" for an hour and is then raised in inimite.s to 05' to 70", the goods being manipulated 
for an hour. The dyt*d sk(‘ins are dried and are often introduced, without washing, into a 
second sulphoricinate Lath, being then steamed for an hour in an autoclave at 1 atnios. ; 
the colour is not very bright but is made so by immersing the material for half an hour 
in a 0’5 per cent, soap solution heated under slight pressure (0*5 to 0-25 atmos.). Thorough 



Fig. 469. 


washing with water is followed by drying at a gentle heat. Although Turkey red is removed 
to a small extent if the material is scoured with a white fabric, yet it is the fastest red against 
washing and light now prepared on cotton. Kornfeld (1910) regards the fastness of Turkey 
red as due, not to the constitution of alizarin, but rather to the formation of a highly resistant 
double salt of aluminium oleate and the calcium salt of alizarin, and still more to the 
polymerisation of the fatty acid molecules under the action of steam. 

According to a patent by Kornfeld, Turkey red dyeing may be carried out in the usual 
mechanical apparatus with circulation of the bath, the alizarin being rendered soluble by 
means of sucrate of lime. 
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Cotton Fabrics arc sometimes dyed in ropes with vessels similar to those used for wool 
(see late)), but more usually in the so-called jigger (Fig. 474), which is a rather shallow 
wooden trough pro\dded with two outside rollers worked alternately by gearing so as to 
wind or unwind the pieces (3-4) ; the latter are sewn end to end and are kept quite taut, 
and pass below two small rollers close to the bottom of the trough. The dye solution in 
the bath may be heated at will by direct or indirect steam. 



Fia. 470. 

The Jigger is often used also for dyeing unions, i.e. fabrics composed of cotton warp and 
wool weft, since these do not cockle or wrinkle, as all-wool goods would do, when passed 
under tension from one roll to another. 

Woollens are usually dyed in wooden vessels provided with one or two reels which 
raise the goods in ropes from the front part of the vessel and drop them into the bath, 
the inclined wall at the back forcing them m folds on to the bottom of the vessel itself 
(Figs. 475, 476). 



Fig. 471. Fig. 472. 


In some cases the velocity of rotation of the reels can be varied at will, being accelerated 
at the moment when the colour is introduced into the perforated compartment which 
admits of its gradual passage into the whole of the bath. The perforated steam-pipe 
also passes into the bottom of this compartment and is so arranged that the steam does not 
strike against the pieces, as this would result in irregular dyeing. The velocity of the reel 
must not be too high (20 to 50 cm. per second), as otherwise the wool would felt and the 
bath cool too rapidly. When the pieces are introduced into the vessel, one end is thrown 
over the reel and then stitched wdth twine to the other end (^ee Fig. 476), In some eases 
the materials (e.g. cashmeres) are twisted, by the movement in the trough, into very thin 
cords, into w’-hich penetration of the colouring-matter is diflScult and irregular ; in ordeif 
n 46 
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to avoid these disadvantages, .such fabrics are fir.st folded in two lengthwise and the selvedges 

then stitched together. „ , ^ • o x- x 

During the dyeing operation, the dyer cuts off small saniples of the fabric from time to 
time, washes them, dries them in a warm towel and compares them 3rith a specimen, 
so that fresh addition of colour may be made here necessary. Such fresh is dissolved 
apart in a wooden bucket in a few litre.^ of the hot dye-bath, the solution being always 



much as 5 kilos of black jier 100 kilos of material) is added in several portions at the begin- 
ning of the o£jeration, the goods being slowly moved meanwhile. In the course of an hour 
the bath is brought to Ixiiling and this may last one or two hours before the dyeing is complete. 
Finally the steam-tap is shut and the goods discharged into a vessel of cold water. 

After being rinsed and folded roughly by hand they are left to drip on beams for some 
time, a further part of their water being removed by two or three minutes’ centrifuging {see 
pu 468), The goods are then ready to be dried in the apparatus described later. 

When very delicate wool or wool and silk fabrics (with gather and embroidery) are 
to be dyed, they are sometimes wound concentrically on hooks fitted to a frame such as 
that shown in Fig. 477. In this case the frame is only moved now and then, so that the 
fabric may not be injured. 
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Textile Fibres in Flock are dried in a series of superposed obanibers with perforated 
bases on wMch the moist, centrifuged fibre is spread (Fig. 478, 1), At II is seen a counter- 
poised elevator on which is placed the charged chamber ready to be introduced into its 
position in the series in place of one containing fibre already dried. The air used for the 
drying is forced in by the fan A, and is heated in the tubular steam heater B, The lower 
chambers are dried first, and when these are discharged, the remaining ones are lowered 
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automatically and fresh ones introduced at the top. Yarn on bobbins or spindles can 
also be dried in these chambers. 

Skeins of yarn may be dried by threading them, after centrifuging, on rods and fixing 
these horizontally in frames in a chamber heated by branched steam-pipes on its base ; 
the moist air issues from vent-holes fitted to the ceiling. In some cases the yarn is dried 
in hot chambers, the skeins being stretched over revolving reels furnished with central 
steam-pipes, as is shown in Fig. 479. 

Good results are also obtained with the continuous drying machine, in which the skeins 
are placed on rods, &c., carried by chains moving in a drying chamber (Fig. 480) supplied 



Fig. 477. 



at A with hot, dry air. The dry yam issues contmuously at Z, while the moist air finds 

Fabrics as they come from the centrifuge are usually dried by passmg them, well 
stretched, over a battery of seven or nine copper drums F (Fig. 481). These are all moved 
regularly by gearing, the rate being regulated by means of the large disc ^^h is actuated 
at a point more or less distant from its centre by the friction roUer G ; the latter is turned 
by the pulley A, joined by belting to the general system of power transmssion. 

The dried fabrics are then examined throughout their entire length and breadth before 
a well-lighted window in order to ascertain hi there are any defects in dyemg or otherwise, 
so that these may be remedied before dressing. 
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Dressing of Fabrics is effected by impregnating them with holution of gum, bone glue, 
starch, &c. The fabric is x^assed beneath a roller dipping into a vessel containing the 
solution, and is then x->res&ed by a second roller suxicrposed to the first m a kind of foulard 


like that shomi in Fig. 4S2 ; the ves--el 
may have the section shovni in Fig. 48o. 
The gummed fabrics are subjected to 
mechanical treatment varying according 
to the type required. Dressing inci'eases 
the strength and weight of the tissue, 
wMch is next dried and at the same 
time pulled out both lengthwise and 
breadthwise in order to bring it back 



Fig. 479. 



as nearly as possible to the dimensions they possessed before dyeing. This is effected 
by means of the so-called tenftring frame, into w’hich the tissue passes, fixed laterally by 
the selvedges on two chains carrying clips or needle-points ; the distance between the two 
c*hams is gradually increased to the desired width, wHcii is shown on a graduated iron 



Fig. 481 

bar, 4 {Pig. 484). Fig. 48S shows a complete frame with the gumming machine £ and two 
curatives fixing the_ selvedges on the points of the chains. The widened cloth is dried 
tfiMughout Its whole length by a current of hot air blown into a long chamber beneath 

^ are 8 to 12 metres long, but are sometimes 

_ trueted on several stones m order to save length. Fig. 486 gives a better view of the 
trame m outline: the gummed, centrifuged, and folded cloth hes ready on the two benches. 
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B ; the air is heated at T and the fan F forces the hot air into the long chamber, B ; the 
cloth enters at B and issues at 

Milled fabrics and certain others which are req^uired to present a hairy surface are 
passed to the so-called raising gigs (Fig. 487), consisting of one or more large drums carrying 
numbers of metallic points or strings of the spiny capsular heads of Bipsacus fuJlonum 
(10 to 20 cm. in length, Fig. 488) on spindles. The drums or spindles revolve so that the 



Fig. 482. 



points just touch the stretched surface of the cloth and draw from it fairly long hairs, 
which are then rendered uniform by passing the dry cloth to the cutting and brushing 
machines furnished with cylindrical brushes and vith drums fitted with cutting edges 
arranged helically {see Fig. 489) ; the first brush, A, raises the hair, the cutter, B^ cuts or 
crops it off uniformly, and the second brush, C, sets it regularly all in the same direction, 
A similar operation is carried out with velvets, which are, however, woven specially, 
and often in two superposed pieces attached by a large number of fibres, which are then 
cut exactly in two so as to give two separate pieces each with a hairy face. 



Fig. 484. 


When the fabrics are required to have a very smooth, shiny surface, they^are passed 
after gumming to the so-called calenders, A common type of the latter for wool" and 
unions, which require but little pressure, is that shown in Fig. 490 : the cloth is seized 
by the selvedges by two discs fitted with bands, A (called a palmer), which enlarge the cloth 
to the required size and then pass it on to a continuous felt, (7, which transfers it in a well- 
stretched and compressed condition on to a copper drum, B, heated by steam under shght 
pressure. For cotton or cotton and silk fabrics, use is made of calenders with several 
superposed and heated cylinders to which pressure may be imparted by means of suitable 
levers (Fig. 491) in such a way as to exert a kind of friction on the cloth passing from one 
cylinder to the other. When a very high finish is required on certain satin fabrics of cotton, 
they are passed between two massive steel cylinders which are under very high pressure 
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(hydraulic) and one of -n-hich is fluted 'srith very fine striations (as many as 10 to 23 per 
millimetre, as suggested by Sclu'eiaer) ; these leave theii- stable mprmt on the fabric 
like so many minute, shinmg oylmders like silk fibres, ivhich reflect light under any angle ; 



Fig. 485. 

this finish is known as silk finish (or Schreiner finish). Similar calenders are used for 
obtaining special watered effects {moire). 

On woollen fabrics calenders generally produce a so-called false finish hke that of a 
bright sheet of metal. This is not regarded as desirable by the merchants, and, further. 



Fig. 486. 


such a finish will show rain-drops, eTen after drying. In order to avoid this inconvenience 
and the better to fix the material in both directions, so that it will not shrink when worn, 
it is subjected to so-called steaming, i.e. to the action of steam under a pressure of 2 to 3 
atmos. (some colours will not withstand this operation). The fabric is well stretched 
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and wound, together with a cloth, round a perforated cylinder ; the roll of two or three 
pieces thus obtained is wrapped in cloth fastened by strings, the cylinder being then fixed 
vertically on a steam-cock (Fig. 492). The steam, under pressure, is obliged to traverse 
the whole of the roll of fabric, and when it issues in a dense cloud (after a few minutes) 
the operation is at an end ; the roll is then removed, but is allow^ed to eool without unrolling. 
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since in that way it acquires a better and more resistant lustre. The latter is also found to be 
improved by carrying out the steaming in a vacuum, the rolls G H (Fig. 493) being introduced 
into a kind of,horizontal jacketed autoclave, X, previously heated by passing steam through 



Fig. 489. 


tho jacket'; when the cover L has been tightly closed, the autoclave is evacuated by 
passing steam into it and condensing the steam by a water-spray in the cylindrical chamber 
W, which communicates with the autoclave by means of the tap R. After this the steam 
is passed through the roll of fabric, either from the inside to the outside or vice versa, by 
fixing the roll in a suitable manner to the steam-cock. 



Fig. 490, 


Of the various other operations comprised in the finishing of fabrics, only that of 
^pressing between hot card need be referred to ; this gives lustre to cloths which are not 
subjected to steaming and in general imparts a very soft, pleasant feel, more particularly 
to the finer woollens. 

In this operation, which is the last of importance, the best effect is obtained when 
10 to 15 per cent, of moistui'e is present, so that fabrics which are too dry are treated 
first with a slight steam- jet, being meanwhile wrapped on drums in large roUs ; after some 
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hours these rolls are unwound and the fabric arranged in regular folds, between each 
adjacent pair of which is inserted a piece of hot, smooth card. The whole is then left 






Tig 401. 


under pressure in a hydraulic press (Fig. 494) for 10 to 
heating while the pressure is being exerted, presses an 
steam circulates (Pig. 495) ; also the pillars are som( 


Fig 493. 


JFor the folding or rolling of fabrics, and also for measuring, simple and rapid machines 
have been devised. 

For the Mercerisation of cotton yam in hanks {see p. 6ft5) a machine such as that shown 
in Fig. 496 is used. The uniformly moist skeins, as they come from the centrifuge, are 
stretched in a thin layer between the two cyhnders, A and B, the distance between which 







730 OBGAXIC CHEMISTRY 

can be increased so that the skeins are considerably stretched. Then, M'heii the rollers are 
revolving, a lever is operated to raise the iron vessel, C, containing cold caustic soda solution 
of 25^ to 30' Be., one-half of each cyhnder dipping into the soda. x\t the end of a few 
minutes the imbibition is complete, the soda solution is drawn 
off into a tank provided with a pump, tvIhIc a copious supply 
of water is sprayed on to the skeins, which are pressed by the 
roller B, When washing is complete, the tension is relieved and 
the skein removed. 

There are also other machines for mercerising fabrics, these 
being kept stretched by contrivances similar to those used in 
the tentming frame Figs. 484 to 486), while the caustic soda 
IS rtanoved from the fabrics by means of suction pumps. The 
fabric is then washed with a little hot water so as to give a 
moderately strong solution of caustic soda, which may be used 
to dissolve solid caustic soda or may with advantage be con- 
centrated in multiple-effect evaporators {see voL i, p. 442). The 
caustic soda is removed completely from the fabric by thorough 
Fro . 497. washing in cold water, then m a shghtly acid bath and finally 

in water. 

The Printing of textiles, as indicated on p. 767, is carried out hy pressing, with a 




Fig. 498. . 


rubber roller, A (Fig. 497), the fabric or yarn against a copper cylinder, on which the design 
is engraved. The copper cylinder receives the pasty coloui* from a roller, I, dipping into the 


vessel, C, containing the thickened colour solution, a blade, 
D, then scraping away the excess of colour so that only 
the hollows of the design remained tilled. Between the 
rubber cylinder and the fabric, T, to be printed runs a 
continuous band, E, which is kept taut by the con- 
trivance F. The arrangement used, with the adjacent 
drying chamber, o, is shown in Fig. 498 : the vessel of 
colouring-matter is at cd, and the fabric is unwound 
from g together with the accompanying cloth h, and the 
continuous pressure cloth i ; the dyed and dry fabric is 
collected in folds at Z, while the cloth h is rewound at r, 
and i returns constantly to the printing cylinder. When 
several colours are to be printed on one and the same 



fabric, a number of rolls and colour vessels are required, 
as is shown diagrammatically in Fig. 499. 


Fig. 499. 


Fig. 500 shows a complex machine for the printing of textiles in twelve colours at once ; 


highly skilled workmen are required to regulate its working with accuracy. 




COLOUR-PRINTING MACHINES TSl 

A simple arrangement for printing yarn in skeins by hand is shoTO in Fig. 501. The 
skeins are kept taut between the rods A and B and the printing rollers, which are not very 
clear in the figure, are below A. The printed skeins are hung on rods fitted to a framework, 
this being introduced into an autoclave to be treated with steam under pressure (Fig. 502). 



Fig. 500. 


Printing colours are boiled with the thickening agents in suitable double-bottomed 
boilers, heated by means of steam and furnished with stirrers. Fig. 503 shows a battery 
of such colour-pans. 



, Fig. 501. * Fig. 502. 

When mention was made of amline black (p. 662), it was stated that the complete develop- 
ment of this colour is obtained in an oxidation chamber (Fig. 504)4 In the case of yarn, the 
method of continuous drying illustrated in Fig. 480 (p. 724) gives good results. But 
with fabrics use is generally made of a chamber with revolving rollers, where the fabric 
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traverses slowly a very long jDatli and issues completely black ; a hood is arranged to carry 
of acid vapours. Of great importance in this operation is the regulation of the tem- 
perature, of the draught and of the velocity -with which the fabric passes through the 
chamber. Unexpected stoppages are dangerous, as they may lead to corrosion of the 
fabric or alteration of the colour. 

To polish and soften silk, the skeins are stretched, tvisted, and rubbed repeatedly on a 
smooth rod fixed in the wall. But nowadays this is done by machines (Fig. 505), which 
act automatically and give a large output. 

T. PROTEINS OR ALBUMINOIDS 

These are fundainental products in the formation and constitution of 
animal and vegetable organisms. The protopilasm of vegetable and animal 
cells, which is the origin of the metabolic processes and hence of the life of the 
organism, consists of protein substances, which are also indispensable components 
of foodstuffs. 

From a lohysiological point of view they are therefore of the utmost sig- 
nificance, but their chemical nature is very complex and is still little understood, 
although the investigations of Emil Fischer and a number of able collaborators 
during the past ten years have to some extent pierced the veil -surrounding 
this most important group of organic compounds, which had been previously 
studied, as regards some of their more superficial characters, by Ritthausen, 
Hoppe-Seyler, Hammarsten, Neumeister, Pfluger, Hedin, Kuster, Nencki 
and Sieber, &c. 

The numerous substances comprised in this group are all composed of 
C, H, 0, N, and S, with, in a few cases, P ; their percentage compositions 
vary between the following limits : C, 50 to 55 ; H, 6*9 to 7*3 ; 0, 19 to 24 ; 
N, 15 to 19 ; S, 0*3 to 2*4. 

The molecular magnitudes of these substances cannot be established with 
certainty, since it is not easy to isolate single individuals, only very few of them 
crystallise, none are transformable into vapour, and in no case are true solutions 
obtainable capable of cryoscopic or ebulhoscoiDic measurement ; their solutions 
are colloidal. Direct or indirect attempts to determine their molecular weights 
have given numbers varying from 10,000 to 30,000. 

Both the sulphur and the nitrogen occur in two groupings, being partly 
removed by hot potash and partly more stably combined. 

Absolute alcohol coagulates proteins and precipitates them to some degree 
unchanged from their aqueous solutions. They are also precipitated unaltered 
by solutions of sodium chloride, magnesium sulphate or ammonium sulphate 
of different concentrations, which are characteristic of the various proteins. 

Proteins are coagulated and precipitated from their aqueous solutions 
by small quantities of mineral acids (nitric acid may be in excess). They have 
a feeble acid character and form salts as insoluble precipitates with metallic 
salts, e.g. ferric chloride, acidified mercuric chloride, copper sulphate, &c-, 
and they dissolve small amounts of freshly precipitated ferric hydroxide. From 
these metallic precipitates proteins are liberated in a changed form. 

Less pronounced is their basic character (like the amino-acids, they behave 
as both acids and bases at the same time), although egg-albumin is completely 
precipitated by weak acids, such as tannin, phosphotungstic acid, and picric 
acid. 

Aqueous solutions of the proteinsTare coagulated on heating to different 
characteristic temperatures, and the coagulated proteins dissolve only in an 
excess of acid or alkali in the hot, their constitution being modified thereby 
and H 2 S and ISTHg sometimes evolved : with alkahs they form albuminates 
and with acids, Acid- Albumins {ayntonins, see p. 737), both insoluble in water 
and repreoipitable by neutralisation. By the protracted action of these two 
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reagents ( Hydrolysis, see beloic) or by the action of pancreatic juice, which contains 
Tryptase (seep. 112)3 yield various aminO' or diamino-acids; glycocoll, 
alanine, phenylalanine, aspaidic acid, glutaniinic acid, leucine (in abundance), 
pyrroliclineearboxylic acids, tyrosine, serine, triammotrihydroxydodecanoic acid, 
^6-indoleacetic acid, arginine, lysine, ornithine, tr 373 toj)hane, c\"stine (sulphur 
compound), &c., all of them optically" active vith the exception of glycocoll. 
When a piece of boiled egg-albumin is heated at ST"" with gastric juice, it rapidly 
dissolves with formation of Peptones and Albumoses. The peptones, passing 
into the intestines, undergo further hvdrolysis, and as final products yield 
amiiio-aeids. The complete hydrolysis of the albumin may be effected more 
rapidly by means of a concentrated acid {e.g. HCl), which gives amino-acids 
and also ammonia. By putrefaction various other substances are formed : 
Ptomaines, such as eadaverine (see p, 214), putrescine or tetramethylene- 
diamine, &e. : glucosamine, methylamine, ammonia, /3-indoleacetic acid, phenyl- 
acetic acid, carbonic acid, hydrogen sulphide, formic to caproic acids, partly of 
normal structure and parth" opticalR active (valeric and caproic), &c. ; indole, 
skatole, phenol, cresol, mercaptan, methane, &c., all of these being oxidation 
or reduction imoducts of the original compounds obtained. The action of 
pathogenic bacteria on proteins fields poisonous substances, the Toxalbumins, 
which are similar in composition to the proteins and lose their toxicity when 
their aqueous solutions are heated. 

The following reactions are characteristic of the proteins : 

Protein solutions give a violet coloration (like biuret) w’ith alkali and a 
few drops of 2 j)er cent, copper sulphate solution {biuret reaction). 

With nitric acid in the hot and even in excess a yellow precipitate is formed 
(xanihoproiitn reaction). 

With Millon's reagent {see p. 704) a red coagulum is formed on boiling. 

The degradation or hydrolysis of proteins, w’heii it is complete and takes 
account of all the more or less complex groups composing the protein molecule, 
will permit of an attempt, with probability of success, to synthesise these 
substances comx>leteh% Such more or less gradual decompositions are attained 
by protracted heating (for different times with different proteins and in some 
cases for 200 hours) in an autoclave, or by means of soda or bar^da (Schtitzen- 
berger), or, better, 25 ]Der cent, solutions of hydrochloric or sulphuric acid. 
But even under these conditions some of the intermediate compounds cannot 
l>e detected, the li\'droh^sis being in mam^ cases too rapid. Hugoiinenq 
and Morel (International Congress of Applied Chemistry, London, 1909) 
have obtained a somewhat more gradual h^^drolj’sis by using 15 to 25 per 
cent, hATlrofliioric acid solutions and heating for 100 to 150 hours. 

The separation of the numerous amino- acids resulting from the hydrolysis 
of the proteins constitutes a difficult problem, wffiich has recently been solved 
by E, Fischer for the amino-acids and by Kossel for the diamino-acids. Fischer 
subjects the esters of the amino-acids to fractional distillation in mcuo and 
thus determines their separate amounts. 

It is thought that the amino-acids occur in the joroteins in a condensed 
form similar to Glycylglycine, ISrHa'CH^'CO-NH-CHa-COgll. Indeed Fischer 
was able to synthesise the so-called Polypeptides, which contain such groups 
and in man^^ respects resemble the natural peptones derived from proteins 
{sex. later) ; the esters of the amino-acids readily give up alcohol and undergo 
ketonic condensation to polyanhydrides, and these, under the influence of 
alkali, take up a molecule of water, giving the peptides : 

2NH2-CH2-COAH5 == OH + (and this + HgO) 


Etbylglycoeoll 


Doable Aiiliydride or Diketopiperaziiie 
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— ^ NHa-CHa-CO-NH-CHg-COaH. 

Dipeptide oi Glycylgylcine 

By chlorinating the carhox}"! of the dipeptide with PCI5 in acetyl chloride 
solution, a second molecule of ethylglycocoll may be caused to react with 
formation of a tripeptide, and so on, higher polypeptides similar to the natural 
ones being ultimately obtained, 

X“*CO*Cl + NH.-CHa-COa-CoH^ = HCl + X* * -CO -NH-CHg-COa-C^Hs ; 

these polypeptides are completely hydrolysed by hot concentrated HCl, are 
digested by tryptase, withstand cold alkali, are soluble in w^ater and insoluble 
in alcohol, and give the reactions of the iDroteins {see below) These syntheses, 
which represent the first small step towards the synthesis of the proteins, give 
an idea of the enormous difficulties to be overcome before the natural proteins 
can be reconstructed. Indeed, since the dipeptides have molecular weights of 
about 100, while with the proteins the molecular w^eight certainly exceeds 
10,000, at least 100 of these groups must be present. Also, as several of the 
amino-acids contain one or more asymmetric carbon atoms, stereoisomerism 
is possible, and so likewise is tautomerism, e.g, 

— HN‘CO— — N:C(OH)— 

The investigations of Fischer have resulted in the synthetical preparation 
of more than a hundred of the simpler polyxoeptides, the highest of which is an 
octadecax)ej)tide ; but on ascending the series the comx)lications and difficulties 
increase disx)roportionately. This problem could occupy a wffiole generation 
of chemists, and its solution would be a glorious triumph for the twentieth 
century, as it would banish for ever the Malthusian threat that one day humanity 
will be starved owing to the disproportion between the ^lopulation and the 
productive capacity of the earth. Indeed, while it is not x)Ossible to replace 
the proteins in human nutriment by fats or carbohydrates — these alone leading 
to raj)id decay of the organism and to death — proteins of themselves are 
able to supply all the needs of the organism. So that the insufficient production 
of X)roteins in nature at some future time would of a certainty be accompanied 
by famine, unless a method of synthesising proteins by chemical means had 
previously been discovered. Berthelot imagined that one day the air would 
supply the oxygen and nitrogen, and water the hydrogen for this synthesis. 
And it is not for us to deny that the dream of yesterday may become the reality 
of to-morrow, if chemistry learns how to imitate the simplicity and economy 
of the natural synthetical jirocesses best exemplified in plants, which from 
carbon dioxide, water, and nitrates are able to effect continuous production 
of carbohydrates, fats, and proteins. Our laboratory synthetical methods are 
still too cumbersome, too indirect, and generally too costly. Only when the 
action of catalysts and light and the laws of colloids have been more closely 
studied can any hope be entertained of a more rapid progress in the synthesis 
of such comxDlex organic substances. 

The numerous different proteins are usually classified in the following groux>s and sub- 
groups : 


I. NATURAL PROTEINS 

(1) ALBUMINS (of eggs or Egg-albumin, of blood serum or serum-albumin, of milk 
or lacMlhumln, of muscles, of plants, &c.). 

These are the most common and also the best known of the proteins, since they can 
be isolated as definite, crystalline, chemical individuals. They are soluble in water, dilute 
acid or alkali> or neutral solutions of NaCl, MgSO^, or 1X114)2804 (the globulins .being 
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inholuble), but in acid .solution tlifjsc salts xirecipitate the albumins. In the hot they 
are coagulated. 

The products of the putrefaction of albumin contain a^so p-Hydroxyphenylacetic Acid, 
OH -CgH^-CHo -00211, which occurs hke\\ise in urine (acicular crystals coloured greenish 
by ferric chloride). 

There exists nowadays a considerable trade in dry albumin obtained from the egg and 
from blood. In various countries, egg-yolks ^ are preserved in salt and employed in different 
industries (for tanning, making lecithin, culinary purposes, &c.), and the fresh white sepa- 
rated is diluted vith a httle water, beaten until it forms a froth, allow^ed to stand until 
the latter is destroyed, filtered through w*oollen bags, and evaporated in a stream of air 
at 30° to 40^ in large shallow pans ; after 40 to 60 hours there remains a thin, yellowish, 
transparent pellicle, which is completely soluble in water and keeps without developing 
any unpleasant odour. 

From fre.sh blood (from the butcher's) pure albumin is separated with greater difficulty. 
The blood is tirst allowi^d to undergo spontaneous coagulation, the blood globules and other 
impurities thus collecting in a compact mass so as to allow' of the ready decantation of 
the faintly coloured lirpiid serum containing the albumin ; or, after coagulation, the blood 
may be introduced im mediately into a centrifugal separator (see p. 395). The centrifuged 
or decanted liquid is beaten (without dilution), filtered, decolorised with charcoal, and dried 
as above. In many cases decolorisation is difficult, and the albumin has to be precipitated 
with lead acetate ; the decanted precipitate is w^ashed and suspended in water, which is 
then saturated with carbon dioxide, the lead carbonate being allowed to settle. The 
clear albumin solution is treated with a httle hydrogen sulphide, which removes traces of 
lead, and filtered, and the pure solution evaporated as with egg- albu min . 

According to Ger. Pat. 143,042, the semm-albumin is coagulated by means of 
salt, dissolved in ammonia and treated at the boiling-point with hydrogen peroxide, the 
excess of aiiimonia bemg subsequently diiven off. The method described in Eng. Pat, 
10,227 (1905) consists in treating the serum successively with hydi’osulphite, acetic acid, 
and sodium acetate, the liquid being then neutralised with ammonia and evaporated as 
usual. 

Albumin i.s iiserl in various indii.strics : for photographic papers, in textile printing, 
in printing tith's in gold-leaf on books, as a clarifying agent in wme-making {see p. 156), &c. 

Egg-albumin costs, according to its degree of purity, £24 to £28 per quintal. Blackish 
blood-albumin is sold at 4H,s*. to BOa. per quintal, the'^dark at 88^., the pale at £5 to £8, 
and the pale pow'dered at 128.if. to 208a. 

(2) GLOBULINS (of plants or Phytoglobulins, Serum -globulin, Lactoglobulin, &c.) 
are insoluble in water but .soluble in dilute acid or alkali. At 30° they are precipitated 


* lia* ftjtjfi product'*! by dilfcrcnt lands of Ixtns aie of vaiymg size and weiglit (fiom 45 to 65 grm& ; duck, 
and tuikey eggs 'iiieigh from tv, ice to lour time'- as much) and are composed of about 60 per cent, of white, 
IW jTieT cent of julk and 10 per cent ol shell fmainly calcium eaibonatc) ; the '(^\hite contains 86 per cent, of water 
and 13 per cent, of albumin, and the .\o!k about 51 5 per cent of water, 28 5 per cent of fats, 15 8 per cent, of 
proteirib (principally ■vifeilin), 2 per cent, of salt.s, 0 45 per cent of cholcfeterol, 1 2 per cent, of pliosphoglyceric 
M'ld, and 0*4 per cent, of ext racti\ t* ^3Ub^^ance^. As regards its nutritive value, an egg weighing 60 grais is ec^uivalent 
to 50 gnns. of meat, while its heat "value is alxiut 80 caloneb.. Continuous evaporation of water takes place through 
the hfaell of the egg, and the volume of the contents diminishes, leaving a free air-space — varying in size in different 
eggs-“Which imy be observed by looking through the egg at a candle flame in a dark chamber. I’resh eggs are 
ato distin^ismble from stale ones by the specific gravity : fresh eggs sink m a salt solution of sp gr. 1-078, those 
r old in one of sp. gr. 1-060, those 3 to 5 weeks old m one of 1 050, and rotten eggs in one of sp. gr. 

1*015. It has ato bi^en observ ed that fresh eggs float horizontally on a denser liquid, those 4 to 6 days old 
f ** those 8 to 10 days old at an angle of about 45®, and those 15 to 20 days old at an angle 


The preurn^wn of eijgs is of considerable importance, since in summer eggs are abundant and cheap, while m 
winter thev are scarce and cost double as much A common means of preservation formerly employed consisted 
in immersing the cjgs m water saturated with lime (winch partially filled up the pores of the shell with calcium 
(arhoiiate). hut in this way they acquire an uiipli*asant taste ; an iinprovenKsiit is effected by adding 5 per cent, of 

preserve them in pounded salt or m salt and bran, pointed end down, 
^ w quantities of eggs are now preserved 
them in thin layers on wooden lattices In cold chambers, which 
are kept at a temperature oil to i and a humidity of 70® to 80°, and are well ventilated, preferably by means of 

m presmLg the eggs m 10 per 

S rf! subsequent boiling. A mere coating of the 

wooSn^xL^^ of httle avail. Por tran.sport eggs are arranged in layers, with alternate layers of old 

5,000,000,000 to 6,000,000,000 eggs (about 60,000,000 bemg hens’ 
S20.000 quintals, worth about £1,800,000, feU to 228,600 quintals 
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unchanged, completely by solutions of ammonium or magnesium sulphate and partly 
by sodium chloride solution. Their solutions are coagulated by heat. 

(3) NUCLEO-ALBUMINS (Vitellin, Casein, &c.) are acid in character and decompose 
carbonates ; they are slightly soluble in water, but dissolve with formation of salts in 
caustic soda or ammonia and are then coagulated neither by heat nor by alcohol. Tho;S" 
contain phosphorus (0-85 per cent, in casein) but are distinct from the nucleo-proteins, 
which give xanthine bases among their decomposition products. Casein is found in milk 
(see p. 385) and is coagulated by rennet or by dilute acids at 50° ; it is soluble in borax or 
potassium carbonate and is rendered insoluble by formaldehyde. Converted into salts 
m various ways, it is placed on the market as a concentrated and readily digestible food 
(plasmon, nutrose, tropon, &c.) ; it is mixed with mineral colouring- matters to make var- 
nishes. The hydrolysis of casein yields various amino -acids and complex tribasic acids 
(Skraup). Vegetable caseins are also known. 

To obtain pure casein in the laboratory, diluted skim-mill^ to which 0*5 per cent, of acetic 
acid has been added is heated to 55° to 60° and the precipitated casein collected on cloth, 
washed well with water, redissolved in very dilute ammonia, decanted or filtered to remove 
the undissolved fat and nuclein and then reprecipitated with acetic acid as at first. It is 
again collected on cloth, washed with alcohol and then with ether, and dried in a vacuum. 
Prepared in this way, it is free from fat, leaves less than 0*5 per cent, of ash and contains 
15*5 to 18 per cent, of nitrogen. From ordinary casein a modification known as paracasein, 
containing 14*8 to 15 per cent, of nitrogen, may apparently be separated. Commercial 
casein (see p. 385) contains less than 3 per cent, of ash and less than 0*1 per cent, of fat, 
and costs 645. to 805. per quintal. Riegel (Ger. Pat. 117,979 of 1900) precipitates it in a 
highly pure state from milk by means of ethylsulphuric acid. Casein is detected on 
textiles or paper by Adamkiewicz’s reaction, a drop of a mixture of glyoxylic and sulphuric 
acids being placed on the surface, which is then gently heated over a flame : in presence of 
casein, the drop of liquid assumes a transitory violet-red colour. 

(4) PROTEINS WHICH COAGULATE pibrinogen, Myosin, &c.) are distinguished 
by exhibiting a first coagulation under the influence of certain enzymes and a further 
coagulation by heat or absolute alcohol. 

(5) HISTONES (Globin, Nucleo “histone, &c.) contain sulphur and are markedly basic 
in character ; they are precipitated by alkalis, and in acid solution give insoluble compounds 
with the albumins. N'lccleo -histones are obtained from the leucocytes of the thymus 
gland and from the testes of certain fish. The protein part of the haemoglobin molecule 
of the red blood corpuscles consists of a histone, globin. The histones have certain pro- 
perties in common with the peptones and albumoses. 

(6) PROTAMINES (Salmin, Clupein, Sturin, &c.) do not contain sulphur but contain 
up to 25 per cent, of nitrogen and are composed mainly of diamino-acids (arginine) ; they 
are obtained from the spermatazoa of many fishes (salmon, herring, sturgeon, &c.). They 
and the histones are the least complex proteins. 

They are still more basic in character than the histones and readily form platini chlorides, 
sulphates, and picrates, which are all crystalline. They are precipitated by dilute 
alkalis. 

II. MODIFIED PROTEINS 

(1) ALBUMOSES and PEPTONES are derived from true proteins by various trans- 
formations. The albumoses are soluble and cannot be coagulated, but are precipitable 
by ammonium sulphate and other salts. The peptones are regarded as the last decomposition 
products of the proteins which give protein reactions (the biuret reaction) ; on decomposition 
they give amino-acids wdthout intermediate products. 

(2) SALTSOFPROTEINS(Syntoninsor Acid- albumins, Albuminates) are markedly 
acid in character. 

III. CONJUGATED PROTEINS (PROTEIDS) 

These represent combinations of proteins with other complex substances, and are 
coagulable by alcohol. 

(1) HAEMOGLOBIN is the colouring-matter of red blood corpuscles and seems to be 
composed of a protein combined with a colouring-matter containing iron, as it can be 
decomposed into albumin and Haematin, Fe(Ci0H32O2N2)25 the latter being a bro^yn 
II 47 
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substance containing 8 per cent, of iron. The haemoglobin of venous blood is of considerable 
importance in respiration, as it combines very readily with atmospheric oxygen (when the 
blood traverses the lungs) forming Oxyhaemoglobin, which is found in arterial blood and 
carries the oxygen to the tissues, afterwards returning to the veins. With acetic acid 
and sodium chloride it gives hwmaiin hydrochloride [licemin) in characteristic, microscopic 
crystals in the form of reddish brown needles. Blood-spots (even old ones) may be detected 
by Teichmann's test : to a solution of the spot in a little glacial acetic acid are added a 
trace of sodium cMoride and then a small quantity of pure concentrated acetic acid, the 
liquid being heated to boiling on a watch-glass and one or two drops of the hot solution 
placed on a microscope slide and allowed to evaporate slowly in the cold ; a drop of water 
is added, a cover- glass apphed, and t!ie slide observed under the microscope. The brown 
ha*min crystals resemble barley-corns, but are sometimes rhoitibohedral and generally 
crossed in groups (Fig. 506) ; viewed in polarised light between crossed nicols, they appear 
luminous and golden on a dark ground. They are insoluble in water or cold acetic acid, 
but dishoive in alkali. 


Fig. 506. — Hseniin crystals at 
different magnifications. 

Oxyhsemoglobin has 


Blood-stains may also be identified by means of the catalytic action of the haemoglobin, 
w inch coloiii’s alcoholic guaiacol tincture or alkaline phenolphthalein previously decolorised 

by zinc-dust or, better, the leiico-base of malachite green 
(F. Michel, 1911).! 

T. Gigli (1910) states that a very sensitive reaction is 
given by a fresh mixture of 3 drops of benzidine (5 per cent, 
solution in acetic acid) and 2 drops of 3 per cent, hydrogen 
peroxide solution ; a blue coloration is given immediately 
by a trace of blood. Bardach and Silberstein (1910) pro- 
pose the use of guaiacum resin and sodium perborate, 
composition differing little from that of the proteins, but it 
(‘ontains 0*4 per cent, of iron combined in the ferric state, as with hsemin and hsematin, 
W'hilst the reduction product of the latter, ?.e. haemoglobin, is a ferrous compound 
(W. Kfister, 19K>)* vaeiiiini (or under the action of ammonium sulphide) it loses 

oxygen, giving haemoglobin. 

Baemoglobin forms a red crystalline powder soluble in water and reprecipitable in 
the crystalline state by alcohol. Both haemoglobin and oxyhaemoglobin give characteristic 
absorption spectra. 

Haemoglobin and also its ash exert a catalytic action in certain combustion phenomena ; 
e,g. sugar moistened with a little human blood burns with great energy. 

When a current of carbonic oxide is passed into a solution of red oxyhaemoglobin 
(defibrinated blood) the oxj^gen is displaced and the liquid assumes a violet-red colour, 
carhoxyhmmghhin — which can be obtained in bluish crystals — being formed. An aqueous 
solution of this compound (blood poisoned with carbonic oxide) gives two characteristic 
absorption bands betw'een the D and E lines of the spectrum, and these bands do not unite 
or disappear — as happens in the case of oxyhaemoglobin — when a few drops of ammonium 
sulphide are added to the solution. Haemoglobin itself gives a single absorption band 
between the D and E lines. 

(2) NUCLEOPROTEINS or Nucleins have a pronounced acid character and are 
Insoluble in water and acids, but soluble in alkali. They represent compounds of proteins 


^ Blood-spots may also be clet£*ett*d by means of hydrogen peroxide : it is sometimes siifflcieiil to press a piece 
of moistened filter-paper on the dry blood-spot and then to immerse it in hydrogen peroxide solution, to obtain a 
copious evolution of oxygen. 

To ascertain from what animal the blood comes, and in general to discover if it is human blood, Uhlenhuth's 
test (1909% based on the formation of different antitoxins m different am m ats (see p 115) serves. Tnstovitch and 
Bordet {1899) showed, indeed, that if an extraneous serum human) is injected m several doses into the blood 
of an animal {€,§. a guinea-pig), the serum of this animal (antwemm) ultimately acquires the property of precipitating 
(or rendering turbid in the case of dilute serum or dilute blood) the blood of the fl-mmai which furnished the injected 
serum (e.f. man). If even a very dilute solution of blood (obtained, for instance, by extracting a dried blood-spot 
with a little water) is cleared by filtration and treated separately with different clear antiserunis to ascertain with 
which of them a turbidity is produced, it can be stated with certainty tliat the blood-spot was derived from the 
animal whose serum, when injected into the guinea-pig, produced the antiserum rendering the blood solution turbid. 
The test must be apphed very carefully and with parallel control exjieriments ; it does not distinguish between 
the bloods of similar animals, e.ff. hens and pigwns, sheep and goats, apes and men. The difference between 
varioiK species becomes more evident when dilute solutions or, better, dilute blood and a little concentrated anti- 
serum are employed. All these phenomena, studied by tJhlenliuth, and subsequently by others, are based on the 
preeipitatMin of the albuminoid substances of the different serums (preeipUin$)i and they allow of the determination 
of the character of blood-spots sixty years old. C3ear solutions and. sterilised vessels are always used for the 
csh 
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with a Nucleic Acid, which is phosphoric acid neutralised partially by basic organic groups, 
such as xanthine, guanine, &c. The nucleins contain 5*7 per cent. P, 41 per cent. C, and 
31 per cent. 0, and are hence sharply distinguished from true proteins although they give 
the same colour reactions. They form the fundamental constituents of cell nuclei. 

(3) GLUCOPROTEINS are acid in character and are formed of a protein combined 
with a sugar derivative. They are insoluble in water and with a little Hme* water give 
neutral, frothy, and ropy solutions which are not coagulated by heat or by nitric acid. 
When hydrolysed with alkah or acid they yield sugar, peptones, and Syntonins. 

These compounds, which are poor in mtrogen (11 '7 to 12*3 per cent.), include the 
Mucins. 


IV. ALBUMINOIDS 

These constitute the fundamental parts of the cartilaginous tissues and epidermis of 
animals and comprise : 

(1) ELASTIN, which forms the elastic part of the tendons and ligaments, is insoluble 
in dilute acid or alkah, but with the latter loses the whole of its sulphur. 

(2) KERATIN is the principal constituent of the nails, horns, feathers, epidermis, 
hair, &c. It is insoluble in water, but when heated under pressure, best in presence of 
alkah, it dissolves with partial decomposition. It contains 4*5 per cent, of sulphur, "which 
is eliminated to some extent by boihng water. 

With nitric acid it gives the yello-w xanthoprolem reaction (nee above, Blood -spots on 
skin treated with nitric acid). 

(3) The COLLAGENS are abundant in bones, hair, tendons, and cartilage. They 
combine with water at the boihng-point and dissolve, forming ordinary glue or gelatinef 
which is precipitated by tannin or by mercuric chloride acidified with HCl but not by 
mineral acids. They contain stably combined sulphur. They consist, to the extent of 
85 per cent., of amino-acids (Skraup, Biehler and Bottcher, 1909-1910), and, hke the 
protamines, are true proteins containing methoxy- and azomethyl-groups. Unhke casein, 
they give httle glutamic acid on hydrolysis. On hydrolysing them with caustic baryta, 
E. Fischer and B. Boehner (1910) obtained Proline {a-pyrroUdinecarboxylic acid) as primary 
product ,* a- Amino- ^-hydroxy valeric Acid, which is obtained from gelatine, does not give 
proline with baryta. By digesting gelatine with trypsin, Levene (1910) obtained mainly 
Prolylglycocoll Anhydride. The absorptive power of the collagens for carbon disulphide, 
which in presence of alkali leads to thiohydration, allows of their differentiation from 
agglutinating substances (Sadikow, 1910) ; the agglutination of gelatine is not only a 
disgregation of the collagen molecule, but also a condensation of the side-chains. Gelatine 
which has undergone prolonged exposure to light loses some of its absorptive power for 
water owing to the formation of formaldehyde, which hardens the glue (Meisling, 1909). 
On hydrolytic decomposition, the collagens give glycocoll (while the albumins give tyrosine), 
leucine, glutamic acid, and asparagine.^ Very dilute solutions of glue give, with boiling 
ammonium molybdate solutions, a characteristic precipitate and coloured solution, which 
may be applied to quantitative estimations (E. Schmidt, 1910), 

^ Manufacture of Glue and Gelatine. The prime materials are hones and hide waste, generally imtanned 
and preserved with lime. I’rom hones the fat is first extracted (see p. 392 and also vol. i, p. 508), and the crushed 
hones then heated for a couple of hours in a large autoclave with water and steam under pressure, so as to convert 
the ossein into soluble gelatine ; this treatment is repeated two or three times, the final more dilute solutions being 
used for a subsequent operation- In some cases, however, the bones and hence also the glue are freed from calcium 
phosphate by treatment with four times their weight of 6 to 7 per cent, hydrochloric acid (sp. gr. 1 05) until complete 
softening occurs ; the calcium phosphate is precipitated from the solution by means of lime and calcium carbonate, 
while the ossein, placed in a double-bottomed vessel heated by steam, is rapidly converted into a solution of glue. 
According to Ger. Pat. 144,398, the calcium phosphate may be dissolved by aqueous SOs under pressure (only 
the treatment under pressure is patented). The solution obtained by either of these methods, with a concentration 
of 17® to 18® on the glue-densimeter m summer and 12® to 14° m winter, can be partly decolorised, while stiU hot, 
by a current of sulphur dioxide ; it is then introduced into zinc moulds surrounded by cold water to solidify. The 
solidification of these solutions (and even more dilute ones) is now hastened by refrigeration The solid blocks 
of glue are then cut into suitable sizes and dried on wide-meshed nets arranged on trolleys, which are placed in 
chambers through which air at 25° to 30° is circulated by means of fans. If the air is above this temperature 
the glue will melt, while if it is tob dry the cakes are deformed. On this account and also because it would readily 
putrefy, glue is not made in summer. Dry hone-glue contains 15 to 20 per cent, of water and costs 528. to fiSa. 
per quintal. 

SMn-glue (leather glue) is prepared from hide-waste and also other waste (nerves, cartilage, <fec.) by defatting 
with carbon d:^siilphide and softening or swelling in water, which likewise removes impurities. It is then macerated 
for three weeks in a series of vessels containing milk of lime, which is frequently renewed to eliminate any remaining 
fat, blood, <fec. It is then thoroughly washed in water and the last traces of lime (which would make the glue 
turbid) removed by means of dilute hydrochloric acid, or, better, of sulphur dioxide or phosphoric acid» The 
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V. VARIOUS PROTEINS 

Spongin enters into the formation of sponges : its hydrolytjc products approsimato 
more to those of the collagens than to those of the albunniis, but they are more resistant 
to the action of soda and baryta than collagens. Cornein constitutes coral and gives 
leucine on hydrolysis. Fibroin and Sericin are obtained from silk [see ii. 69-) ; fibioin 
dissolves in energetic alkalis with eUmination of ammonia and formation of Sericom, and 
when completely hydrolysed it yields tyrosine and glyeocoU but not leucine. 

The Enzymes [see p. Ill) belong to the group of complex albumins. 


GLUCOSIDES AND OTHER SUBSTANCES OF UNCERTAIN 
OR UNKNOWN COMPOSITION 


Ghicosides have been defined and the synthesis of artificial glucosides described on 
np. 432 and 431. They are compounds of aromatic or aliphatic compounds with carbo- 
hydrates. In vegetable organisms these glucosides form, according to Pfeffer, difiSoultly 
dialysable substances which serve the plants as reserve material, gradually becoming 
utilisable as they are decomposed by the vanous enzymes occurring in other cells. This 
was weU shown by T. Weevers( 1903 and 1908) for Salicin, which is decomposed (by emulsin) 
into glucose and saligenin (hydroxybenzyl alcohol), the latter being probably further 
transformed into a final product known as Catechol. The latter is a phenol found throughout 
the whole plant {e.g. Sahz purpurea), and its quantity is mvereely proportional to that of 
the salicin present ; it is possible that it reacts with fresh quantities of glucose regenerating 
salicin. While the sugars are gradually utiKsed in the growth of the plant, the aromatic 
group (which serves as a reserve of carbon for bacteria but not for enzymes) is used in the 
continuoiis reconstruction of the glucoside. So that plants are able to prepare reserve 
materials in different ways : when the carbohydrates are not utilised, they are transformed 
into insoluble starch, or into glycogen, or into glucosides. 

AMYGDALIN, already mentioned on p. 113, has a composition corresponding with 
CooHsrO^N and forms colourless crystals which are soluble in water and melt at 200°, 


waste prepared in this way is treated with hot water and steam in wooden vebsek with false bottoms and the first 
solutions showins densities of 16” to 20” on the glue-densimeter, are solidified m moulds as above. The two 
or three sncceeding eictraets, which are more dilute, are oonoentrated to 20” to 22' in a single or multiple-effect 
vacuum apparatus (*« V- *61). surmounted by a eoUnnn with perforated discs to htealt up the froth, and are then 
aliowcd to set Good results are now obtained with Kestner concentrators (see vcl. i, p. 443). The waste used 
gives aboutonc-third of its weight of dry glue, which issold at 96a. to 128s. per quintal. The finer qualities, filtered, 
decolorised and prepared from pure, fresh, raw materials, bearthe name oigelatine and cost £6 to £12 per quintal ^ 
I» ordex to utilise tftiuied Bides in the manufacture of glue it is necessary to nntan them by successive treatment 
with dilute alkali solution, water, and lime ; li chrome tanned, they are treated first vitli dilute sulphuric acid, 
then with m abundant supply of water and finally with lime. In either case, the leniaimng traces of lime are 
removed hy means of dilute HCI, the latter being elimmated by treatment with alkali and washing with water 


(Eng. Pat. 22,738 of 1903). ^ . 

is obtained trom the welhpnrifled swinmung-bladders of vanons species of Acipmer, especially 
of J.cip€rmr MuHo (sturgeon), by treatment w'ith amd, lime, steam, water, do. According to Oer. Pat- 
131j3I5, the blubber of whales may also be used. Pish-glue costs double or treble as much as the best qualities 


of other glue. 

Li^id 0m is obtained by the protracted heating of glue with its own weight of water and one-fourth or one- 
third of its weight of hydrochloric, acetic, or nitric acid (the last at 35® B6 ; the nitrous fumes must he carried 
away by a good draught). P. Supf (Ger. Pat. 212,346 of 1908) obtains liquid glue by treating, say, 450 kilos of 
gitie With 120 lalos of soium naphtlialenesulphonate. 

Glue is amlumd by detenmning the ash (2 to 3 per cent.) and the increase in weight caused by immersion for 
12 hours in cold water (in which it should not dissolve), the best qualities absorbing most water and swelling. 
The aaJi of bone-glue has an almost neutral reaction, and chlorides and phosphates are found in its nitric acid solution- 
The ash of hide-glue does not melt, has an alkaline reaction, and contains little or no phosphoric acid. The aqueous 
solution of pure glue has a neutral or very faintly acid reaction, while those of the more impure kinds are sometimes 
alkaline. Glue should be completely soluble in hot water, any undissolved part representing impurity. The 
moisture content of dry glue should not exceed 15 to l8 per cent (lost at 105®). The best qualities melt at the 
highest temperatures and the dropping-point may he determined by TJbhelohde’s apparatus (see p. 6), using a larger 
\esseL The relative adhesive powers of different glues may be estimated by preparing tepid solutions of equal 
concentrations, immersing pieces of cotton or woollen fabric (of equal weights and areas) m them for two or three 
minutes, centrifuging the fabrics at the same time in the same centrifuge, ironing them slightly with a hot iron, 
drying completely m an oven at 100® and then noting which of the fabrics adheres best and longest to the fingers. 

Statistics. Italy has a protective duty of 3Sd. per quintal on glue and 12«. per quintal on fish-glue. In 1904 
the exports were 11,000 quintals of glue (11,700 in 1902) and the imports 10,600 (more than one-half from Austria), 
besides 800 quintals of gelatine and 41 of fish-glue. The industry m Italy is injured by the competition of the 
Austriaas, who have a protective duty of Bs. per quintal on glue and purchase nearly all the bones in Italy (16,600 
quintals in 1903; 29,400 in 1904 ; 50,000 in 1905). Austria competes also with Germany, 

jEn 1905 Qmmny exported 63,300 quintals of glue and gelatine at an average price of 52a. per quintal and 
Imported 45,000 quintals at 44a. per quintal. 
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GLUCOSIDES, ETC. 

It is found in the stones of various fruits (cherries, peaches, bitter almonds, &,o.) and in 
the leaves of the cherry-laurel. When hydrolysed by acids or enzymes {see pp. Ill and 
112), it yields dextrose, prussic acid, and benzaldehyde. 

SAPONIN, C30H52O 17, IS obtained from Saponaria root, quilaya bark, and the Indian 
chestnut. It is used for washing garments in place of soap, and is also employed to produce 
a persistent froth {e,g. to give a head to beer). It is soluble in water, has an irntating 
taste and smell, and dissolves red blood corpuscles (is hence poisonous). It is extracted 
in various ways according to Ger. Pats. 116,591, 144,760, and 156,954. The crude product 
costs 95. 6d, per kilo ; the purified, 205., and the puriss., 405. 

DIGITALIN, C35H56O14 (?) ; DIGITONIN, C27H46O14, and DIGITOXIN, C3iH540n, 
are the most important constituents of the foxglove {Digitalis 'purpurea) and are used in 
medicine, especially for diseases of the heart. Pure digitalin costs lOd. per gramme, and 
crystallised digitoxin 205. per gramme. • 

SALICIN, Ci3Hi807 {see p. 574), is contained in several varieties of Salix, and on 
hydrolysis gives glucose and saligenin {see pp. 574, 582) ; with nitrous acid it forms Helicin, 
Ci 3 Hi 607 + H2O, which can also be obtained synthetically from glucose and salicylic 
aldehyde. 

.^ESCULIN, CisHieOg, is obtained from horse-chestnut bark, and is the glucoside 

yCH : CH 

of i^^SCULETIN (a Dihydroxy coumarin), C6 Ho(OH)o\ | , which is isomeric with 

“^0— CO 

daplmetin, 

POPULIN, C20H22O8 + 2H2O, is a Benzoylsalicin, and is obtained synthetically from 
salicin and benzoyl chloride ; it occurs naturally in Populus. 

HESPERIDIN, C22H26O12, occurs abundantly in the bitter orange, and on decom- 
position gives phloroglucinol, glucose, and Ferulic Acid, which is the monomethyl ether of 
OH 

Caffeic Acid, HO<^ CH : CH • CO2H. 


PHLO RETIN, C15H14O5, and its glucoside, PHLORIDZIN, C21H24O105 are found in 
plants, and in cases of glycosuria in animals. 

IRIDIN, C24H26O13, is found in the roots of the Florentine iris and yields Irigeninand 
glucose on hydrolysis. 

ARBUTIN, CigHieO?, occurs in the leaves of the bear-berry and gives glucose and 
hydroquinone on hydrolysis. Methylarbutin gives glucose and methylhydroquinone. 

CONIFERIN, C16H22O8 + 2H2O, is hydrolysed to glucose and Coniferyl Alcohol, 
which gives vanillin on oxidation. It is found in the sap of Coniferce, 

SINIGRIN (Myronic Acid), C10H17O9NS2 ; hydrolysis of its potassium salt, which 
occurs in black mustard seed, gives glucose, potassium bisulphate, and allyl mustard 
oil. 

SANTONIN, C15H18O3 ; its constitution has been studied more especially by Canniz- 
zaro and his pupils. It is a naphthalene derivative and is found in worm-seed (santonica). 

ALOIN, C17H18O7, an anthracene derivative, occurs in aloes and is a strong pur- 
gative. 

LECITHIN (composition, see p. 374) is a characteristic component of egg-yolk and of 
brain and nerve matter and is a crystalline waxy substance, which dissolves in alcohol 
or ether and with water forms an opalescent liquid. When hydrolysed it yields glycero- 
phosphorio, oleic, and palmitic acids, together with choline, and it may therefore he 
regarded as a glyceride {see pp. 183, 372). 

Considerable use has been made of it (and also of bromo- and iodo-lecithin) in recent 
years as a medicine. Lecithin is extracted on the large scale from egg-yolk, and new 
processes are described in Fr. Pats. 8715391 and 406,634 of 1908. Pure lecithin costs up 
to £8 per kilo. 

CEREBRIN, C17H33O3N, occurs in the nerves. 

lODOTHYRIN {see voL i, p. 151) is the iodine compound of the thyroid gland. 

Bile Compounds include TAUROCHOLIC ACID, C26H45O7NS, and GLYCOCHOLIC 
ACID, C26H43O6N, as sodium salts. When decomposed by alkali, both acids yield Cholic 
Acid, OH*C2 iH 32(CH2*OH)2(C02H), glycine and taurine. Bile also contains colouring- 
pi^tters such as BILIVERDIN, BILIFUCHSIN, and BILIRUBIN, 
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CANTHARIDIN, CioH^ 204 , occuiTiiig in cantharides, causes blistering of the skin, 
and sublimes in thin scales. 

CHITIN forms the skeletal matter of crustaceans. It is insoluble in alkali (unlike 
keratin) and when hydrolysed by acid gives a glucosamine. Fusion with potash at 184° 
yields acetic acid and Chitosan, which also forms the glucosamine with acid. 

CHOLESTEROL, C 27 H 4 fiO, occurs in many plants and animals (that of plants is called 
Phytosterol), generally together with fats and oils ; certain physical differences but virtually 
no differences in chemical behaviour are observable in products of different origin. Its 
constitution has not been definitely established, but, owing more especially to the investi- 
gations of A. Windaus, many of its component groups have been ascertained. A doubt 
whether the complex contained one or two double linkings formerly existed, but the addition 
of ozone (Mohnari and Fenaroli, 1908) shows the presence of two such linkings in both 
phytosterols and other cholesterols. 

It forms shining scales melting at 147% and in constitution it resembles the terpenes 
more than the substances of any other group, but in all probability it docs not contain 
benzene groups. ‘ Minimal quantities of cholesterol may be detected by Tschugajew’s 
reaction, w’hieh consists in the formation of a more or less intense red coloration when a 
small quantity of a substance containing cholesterol is poured into fused anhydrous tri- 
chloroacetic acid. In alcoholic solution, cholesterol and phytosterol (but not their ethers) 
form an insoluble compound with Digitonin ; this reaction serves for the estimation of these 
substances and for their separation from other animal and vegetable organic compounds, 
such as hydrocarbons, &c- 



IJNTDEX 


Abbiit, 115 

Abrns praecatonus, 115 
Accumulators, Hydraulic, 393 
Acenaphthene, 614 
Acer saccharinuni nigrum, 443 
Acetaldehyde, 208, 567 
Estimation, 209 
Acetals, 205, 437 
Acetamide, 198, 352 
Acetamidine, 357 
Acetamido- chloride, 356 
Acetanilide, 556, 660 
Acetates, 284-287 
Acetic anhydride, 320 
Acetifiers, *283 
Acetimino -chloride, 356 
Acctiminothiomethyl hydriodide, 357 
Acetins, 214, 223 
Acetoacetaldehyde, 334 
Acetobroniamide, 352 
Acetochlorhexoses, 438 
Aoetometers, 284 
Acetonamines, 210 
Acetone, 107, 211 
Acetonealoohol, 333 
Acetonitrile, 198, 199 
Acetonylacetone, 333, 334 
Acetophenone, 572 
Acetophenoneacetone, 572 
Acetoxime, 210 
Acetyl chloride, 319 
iodide, 319 
number, 188, 189 
Acetylacetone, 334 
Acetylcarbinol, 333 
Acetylene, 92 

hydrocarbons, 90 
Aoetylethylamine, 351 
Acetylglycocoll, 355 
Acetylhydrazides, 358 
Acetylides, 91, 301 
Acetyl-p-phenetidine, 564 
Acetylthiourea, 365 
Acetylourea, 364 
Achroodextrin, 116 
Acianilides, 556 
Acichlorides, 317 
Acid, Abietic, 173, 596 

Aoetaldehydedisulphonic, 213 
Acetic, 270 
Acetoacetio, 332 
Acetonediacetic, 345 
Acetonedicarboxylic, 344 
Acetonetricarboxylic, 351 
Acetonio, 326 
Aceturio, 323, 355 
Aoetylenecarboxylic, 301 
Acetylenedicarboxylic, 315 
Acetylsalicylic, 582 
Aoonitic, 315, 845 
Acridic, 636 
Acrylic, 294 
Adipic, 297, 302, 614 
Alkylphoephonio, 202 


Acid, Allanturic, 366 
Alio cinnamic, 580 
Allocrotomc, 295 
Allophanic, 364 
Alloxanic, 366 
•y-Allylbutyric, 297 
Allylsuccimc, 312 
Aminoacetic, 317, 322, 355 
o-Ammobenzoic, 578 
Aminoethylsulphonic, 214 
a-Aminoglutaric, 356 
a- Amin o -j3 -hy dr oxypro picnic, 355 
a-Amino-5-hydroxyvaleric, 739 
a-Aininopropionic, 354 
Aminosuccinic, 355 
a-Amino-/3-thiolactic, 332 
Amylacetylenecarboxylic, 300 
Amylmalonic, 308 
Angelic, 296 
Anilidoacetic, 560 
Anisic, 577, 582 
Anthrafiavinic, 616 
Anthranilic, 578, 643 
Arabonic, 328, 430 
Arachidic, 265, 398 
Aspartic, 355 
Atropic, 577 
Azelaic, 305, 311 
Azulmic, 359 
Barbituric, 366, 368 
Behenio, 265 
Behenolic, 300, 302 
Benzenecarboxylie, 575, 577 
Benzenehexacarboxylic, 575, 581 
Benzenehexamethanoic, 575 
Benzenemethanoic, 575 
Benzenestearosulphonic, 410 
Benzene sulphonic, 524, 588 
Benzhydroxamic, 578 
Benzilic, €06 
Benzoic, 525, 575, 676 
Benzoylacetic, 577 
Benzoylformic, 577 
Bornylenecarboxylic, 603 
Brassidic, 300 
Brassylic, 300, 305 
Bromosuccinic, 313 
Butylacetylenecarboxylic, 300 
Butylfumaric, 312 
Butylmaleic, 312 
Butylmalonic, 308 
Butylsuccinic, 310 
Bntyrio, 288 
Caoodylio, 202 
Caffeic, 584, 741 
CafEetannic, 369 
Camphoric, 602 
Camphordnic, 315, 602 
Capric, 289 
Caproic, 289 
Caprylio, 289 
Carbamio, 363 
Carbaminic, 363 
Carbolic, 641 
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Acid, o-Carboxyhydroeiniiamie, <514 
Carminic, 668 
Cerotic, ^0, 373 
Oetyimalomc, 3U8 
C’lielidonit*, 626 
Chloroacetic, 317 
Cliiorobenzoic, 578 
a- (3- 7-) Chloiobiityiie, 318 
Chlorocarboaie, 363 
a- (8-) Chloropropionie, 318 
Cholic, 741 

CmchoBieronic, (326, 637 
Cinchonic, 636 
Cinnamic, 575, 576, 579 
Citracunie, 20, 312, 3l4 
Citramalic, 335 
Citric, 345 
( ‘itronellic, 297 
(.’itrylideneacctic, 304 
Coman ic, 626 
Conmalinic, 62() 

Conmaric, 577, 583 
C’otimarinic, 583 
Crotonie, 20, 295 
Cuminie, 577 
Cyanic, 339 
Cyanoacetic. 318 
Cyannric, 359, 3()2 
( 'yclogeranie, 303 
Decamethylcnedicai boxylic, 305 
l>eeoic, 289 

llehy droiinde eenoic , 300 
Dchoxalie, 351 
Diacetosxiccinic, 345 
Diacetylene(liciirb< »xylic, 315 
I>iac‘etylglutaric, 345 
Dialkylphosphonic, 202 
Diallylacctic, 303 
Dialunc, 366 
d 6 -Diamino valeric, 328 
Diaterebinic, 335 
Diazobenzenesnlphonic, 568 
Dibasic quinolinic, 636 
Dibenzhjrdroxamic, 553 
^7-Dibromobnt3rrio, 295 
/i/3-Dibromo propionic, 318 
Dicetylmalonic, 308 
Diehl ora eetic, 318 
aa- {a^-)Dichioropropionic, 318 
Diethylmaleic, 312 
Diethylmalonic, 308 
Digallic, 584 
Diglycollic, 322 
ajS-Dihydroxybntyric, 295 
Dihydroxymalonic, 344 
a/8-I)ihydroxypropionie, 328 
Dihydroxystcaric, 290, 328 
Dihydroxytartaric, 344 
DiiMamylmalonic, 308 
Diisobntylmaionic, 308 
Dimethylaeetic, 288 
a/8-Dimethylacrylic, 296 
Dimethylarsenic, 202 
Dimethylfnmaric, 312, 314 
aa- (ay-, 77-) Dimethylitacouic, 312 
Dimethylmaleic, 312, 314 
Dimethylmalonic, 308 
Dimethyloxaminic, 200 
Dimofchylparabanic, 367 
Diincthylpsendouric, 368 
Dimethylsnccinic, 310 
Dimethyltrihydroxycinnamic, 632 
Dinicotinic, 626 
Dioctylmalonie, 308 
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Acid, Diphenic, 606, 619 
Diphenylacetic, 606 
Diphenylcarboxylic, 572 
Dipicolinic, 626 
Dipropj^hnalonic, 308 
Dithiocarbamic, 365 
Dithiocarbonic, 364 
Dithiocarbonylic, 365 
Dodecaniethylenedicarboxylic, 305 
Dnrenecarboxylic, 577 
Durylic, 577 
Elseostearic, 304 
Elaidic, 298 
Erucic, 300 
Erythnc, 328 
Ethanetricarboxylic, 345 
Ethanthiolic, 351 
Ethanthiolthiolic, 351 
Ethylacetylenecarboxyiic, 300 
Ethylcarbonic, 363 
Ethjdeneanimosulphonic, 356 
Ethylenelactic, 325 
Ethylenesuccinic, 310 
Ethylfnmaric, 312 
Ethylhydroxamic, 358 
Ethylideneacetic, 295 
Ethylidenelactic, 323, 325 
Ethylidenepropionic, 296 
Ethylidencsnccinic, 311 
Ethyiisopropyknalonic, 308 
a- (7-) Ethylitaconic, 312 
Ethylinaleic, 312 
Ethylmalonic, 308 
Ethylmethylacetic, 289 
Ethylnitric, 198 
Ethylsulphonic, 197 
Ethylsulphuric, 89, 197 
Ethylsnlphurous, 197 
Enxanthinic, 668 
Ferulic, 584, 741 
Flaveanhydric, 359 
Formic, 268 

Formothiohydroxamic, 360 
Formylacetic, 326, 329 
Fulminic, 360 
Fumaric, 21. 312, 313 
Galactonie, 328, 437 
GaUic, 577, 583 
Gallolylgallic, 584 
Gallotannic, 584 
Geranic, 303 
Glucoheptonic, 329 
Gluconic, 328, 433, 438 
Glutaconic, 312, 314 
Glutamic, 356 
Glutaric, 305, 311 
Glyceric, 185, 328 
Glycerophosphoric, 214 
Glycocholic, 741 
Glycolglycollic, 322 
GlycoUic, 322 
Glycolsulphuric, 213 
Glycoluric, 364 
Glyouronic, 329 
Glyoxylic, 329 
Gulonic, 328 
Hemellitic, 577 
Hemimellitic, 581 
Heptoic, 289 

Heptylacetylenecarboxylic, 300 
Heptylsuccinic, 310 
Hexahydrotetrahydroxybenzoic, 59 
Hexahydroxystearic, 3(14 
Hexantetroloio, 328 
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Acid, Hexylacetylenecarboxylic, 300 
Hexylsuccinic, 310 
Hippuric, 355, 576, 678 
Homocamphoric, 603 
Hydantoic, 364 
Hydracrylic, 325 
Hydra tropic, 577 
Hydrazoic, 366 
Hydrochelidonic, 345 
Hydrocinnamic, 577 
Hydrocyanic, 358 
Hydromellitic, 581 
Hydromucxc, 312 
Hydromuconic, 315 
Hydroparaconmaric, 577 
Hydro xyacetic, 317, 322 
)3-Hydroxyacrylic, 326, 329 
Hydroxy benzoic, 577, 682 
a- (/3-) Hydroxybutyric, 326 
a-Hydroxycaproic, 326 
o “Hydroxy cinnamic, 583 
Hydroxycitric, 351 
Hydro xyethylsulphonic, 213 
Hydro xygallolylgallic, 584 
a- (I3-) Hydroxyglntaric, 335 
a-Hydroxyisobntyric, 326 
a-Hydroxyisovaleric, 326 
Hydroxymalonic, 334 
Hydro xymethylsulphonic, 213 
a-Hydroxymyristic, 326 
Hydroxy oleic, 326 
a-Hydroxypalmitic, 326 
/3-Hydroxypelargonic, 327 
p-Hydroxyphenylacetic, 583, 736 
a-Hydroxypropionic, 323 
/3-Hydroxypropionic, 325 
a-Hydroxystearic, 326 
Hydroxysuccinic, 335 
Hydroxytoluic, 577 
a-Hydroxyvaleric, 326 
Hypogaeic, 291 
Ichthyolsnlphonic, 84 
Idonic, 328 

IminoditMocarbamic, 365 
Iminoditbiocarbonic, 365 
Iminothio carbonic, 365 
• Indoxylic, 638, 644 
jS-Iodopropionic, 318 
Isatic, 638 
Isatinic, 638 
Isethionic, 213 
Isoamylmalonic, 308 
Isoanthraflavinic,- 616 
Isobntylaticonic, 314 
Isobntylfumaric, 312 
Isobntylmaleic, 312 
Isobntylmalonic, 308 
Iso butyric, 288 
Isocinchomeronic, 626 
Isocinnamic, 580 
Isocrotonic, 21, 295 
Isocyanic, 359 
Isodnrenecarboxylic, 577 
Isodnrylic, 577 
Isoerucic, 300 
Isolinolenio, 304 
Isonicotinic, 625 
Iso -oleic, 299 
Isopbthalic, 525, 681 
Isopropylacetyleiiecarboxylic, 300 
Isopropylfnmaric, 312 
7 -Isopropylitaconic, 312 
Isopropylmaleic, 312 
Isopropylmalonic,^ 308 


Acid, Isopurpuric, 563 
Isosaccharmic, 328 
Isosnccinic, 311 
Isovaleric, 289 
Itaconic, 312, 313 
Itamalic, 335 
Jecorinic, 304 
jS-Ketobutyric, 332 
Lactic, 321, 323 
Lactobionic, 438 
Lanngic, 683 
Lanric, 265, 289 , 302 
Lencinic, 326 
Levnlmic, 326, 333 , 431 
Lignic, 506 
Lignocenc, 265, 397 
Linolenic, 304 
Linolic, 303 
Lntidinic, 626 
Lyxonic, 328 
Malamic, 353 
Maleic, 21, 312, 313 
Malic, 335 , 353 
Malonic, 308 , 368 
Maltobionie, 438 
Mandelic, 577, 583 
d“Mannonic, 328, 436 
d-Mannosaccbaric, 436 
Margaric, 290 , 415 
Meconic, 633 
Melissic, 290 
Meliitic, 535, 575, 581 
Mellopbanic, 581 
Mesaconic, 21 , 312, 314 
Mesitylenecarboxyhc, 577 
Mesitylenic, 577 
Mesotartaric, 336 
Mesoxalic, 334, 344 
Metacrylic, 296 
Metasacoharinic, 328 
Methionic, 192, 213 
Metbylacetylenecarboxylic, 300 
a-Metbylacrylic, 296 
jS-Metbylacrylic, 295 
j 3 -Metliyladipic, 311 
Metbylbutylmalonic, 308 
1 -MetliylcycloiLexylidene-4-acetic, 19 
Methylenedisnlpbonic, 213 
7 -Methylene- 7 -methylpyrotartaric, 312 
Methylenesuccinio, 313 
Methyletbylglycollic, 326 
Methylethylitaconic, 312 
Methyletbylmaleic, 312 
Methylethylmalonic, 308 
Methylfnmaric, 314 
Metbylisobntylmalonic, 308 
Methylisopr opylmaleic, 312 
Methylisopropylmalonic, 308 
a- ( 7 -) Methylitaconic, 312 
Methylmaleic, 314 
Methylmalonic, 308 
Methylmethyleneacetic, 296 
Methylpropiolic, 301 
Methyl propylmaleic, 312 
Methylpropylmalonic, 308 
Monochloroaoetic, 317 , 321 
Monothiocarbamic, 364 
Monothiocarbonic, 364 
Monothiooarbonylamic, 365 
Monotbiocarbonylic, 365 
Muoic, 344 , 437 
Mnconic, 315 
Myristio, 289 
Myronic, 741 



746 

Acid, Naphtlialic, 614 
XaphtMonie, 613 
l-XaplitIiylamrae-4-&iilj>h< ink*, 6 1 3 
Xicotinie, 62o 
m-Nitrobenzoie, 578 
o-Xitrocinnamie, 642 
Xitrohydroxylaminic, 206 
o-Xitrophenylaeetic, 642 
o-Nitrophenylpropiolic, 642 
Xonoic, 289, 300 
Xonylacetylenecarboxylic, 300 
Xiicleic, 739 
CEnantliie, 289 
Oleic, 298 
Aa/3-Oieic, 299 
Orsellinic, 577 
Oxalacetic, 344 
Oxalic, 306 
Oxaluric, 366 
Oxamic, 352 
Palmitic, 289 
Parabanie, 366 
Paralactic, 325 
Paratartaric, 336 
Pectic, 457 
Pectosinie, 457 
Pelargonic, 289 
Pentadeeoic, 265 
Pentamethylbenzoie. 577 
Pentyl malonic, 308 
Perinaphthalenedicarbo xjd ic, 612 
PertMoeyanir, 360 
jS-Phenantbrenecarboxylic, 610 
Phenylacetic, 575, 577, 579 
Phenylaminoacetic. 560 
a-Phenyl-o-nit rocinnamic, 618 
Phenylene-o-dicarboxylic, 580 
Phenylglycine-o-carboxylic, 643 
Phenylpropiolic, 535, 575, 577, 580 
Phenylsnlphaminic, 560 
Phenylsniphuric, 542 
Pbthalic, 580 
Pioalinic, 625 
Picric, 245, 5^ 655 
Pimaric, 596 
Pimelic, 305, 521 
Pinonic, 597 

Piperic (piperinic), 584, 626 
Piperonylic, 583 
Pivalic, 289 

Prehnitmecarboxylic, 577 

Prehnitic, 581 

Prebnitylic, 577 

as. Propanetricarboxylic, 345 

8. Propanetricarboxylic, 315, 345 

Propargylic, 301 

Propinoic, 301 

Propiolic, 301 

Propionic, 288 

Propylaeetylenecarboxylic, 300 
Propylfnmaric, 312 
Propylitaconic, 312 
Propylmaleic, 312 
Propylmalonic, 308 
Propylsnccinic, 310 
Protalbinic, 641 
Protoeateclmic, 577, ^3 
Ppendotiric, 368 
Purpuric, 367 
^-I^idinesnlpbonic, 625 
Pyrocincbonic, 312, 314 
I^ogallic, 545 
Pyrddgneoiis, 276 
^rifcMiieeojiio *626 
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Acid. Pyromellitic, 581 
Pyroiiiueic, 620 
Fyrotartaric, 311 
Fyroterebic, 297 
Pyrroghitamic, 622 
a-Pyrrolidinecarboxylic, 622, 739 
a'-P^'rrolidone-a-carboxylic, 622 
Pyruvic, 321, 331 
Quin 1 C, 592, 636 
Quinolinecarboxylie, 636 
Quinoline-a : /3-dicar boxylic, 636 
Quinolinesulphonic, 636 
Quinolinic, 626 
Racemic. 20. 336 
Rhamnohexonic, 29 
Rhodaiiic, 360 
Rhodinic, 297 
Ribonic, 328 
Ricinelaidinic, 326 
Ricinoleic, 326 
Ricinoleinsulphonic, 3 7 
Roccellic, 305 
Rosolic. 608, 647, 660 
Rubeanhydric, 359 
Ruberythric, 617 
Rufigailic, 616 
iSaceharic, 344 
<I-Saccharic, 433 
Saccbarinic, 328 
Salicylic, 179, 577, 582 
Santalic, 669 
Sarcolaotic, 325 
Sativic, 304 
Sebacic, 298, 305 
Sinapic, 632 
Sorbic, 303 
Sozolic, 564 
Stearic, 290 
Stearolic, 302 
Suberic, 305, 521 
Succinamic, 353 
Succinic, 305, 310 
Sulpbanilic, 538 
Sulpbo -oleic, 407 
Talonic, 328 
Tannic, 584 
Tariric, 302 
Tartaric, 20, 335 
Tartronic, 185, 334 
Taurocbolio, 214, 356, 741 
Telfairio, 304 
Teraconic, 312 
Teracrylic, 297 
Terebic, 297, 602 
Terebinic, 335, 597 
Terepbthalic, 581, 597 
Terpenylic, 297 
Tetrabromostearic, 304 
Tetracetylenedicarboxylic, 315 
Tetrabydroxystearic, 304 
Tetrolic, 295, 301 
Tbioacetic, 351 
TMocyanic, 360 
Tbiocyanuric, 360 
Tiglio, 296 
Toluic, 577 

Tricarballylic, 303, 316, 345 
Trichloroacetic, 318 
Tribydroxybenzoic, 583 
Tribydroxyglutaric, 343, 430 
Tribydroxyi&obutyric, 428 
Trimellitio, 681 
Trim^ic, 329, 581 
Trimetbylacetic, 289 
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Acid, Trimethylenedicarboxylic, 520 
aa, 8 -Trimet}iyltricarballylic, 315 
Tritbiocarbonic, 364, 365 
Tropic, 577, 631 
Umbellic, 584 
Undeooic, 289 
Undecolic, 302 
Uric, 368 
Valeric, 288 
Vanillic, 583 
Veratnc, 583 
Vinylacetic, 294 
/3-Vinylacrylic, 303 
Violuric, 368 
Xanthic, 365 
Xantbonic, 365 
Xylic, 577 
Xylonic, 328, 430 

Acid -albumins, 733, 737 

Acidol, 355 

x\cids, x\ffinity constants, 266 

Heat of neutralisation of organic, 2,: 
Alkylsulpbonic, 195 
Alkylsulpburic, 197 
Aminobenzoic, 578 
Antbracenecarbo xylic, 616 
Antbracenesulpbonic, 616 
Antbraquinonesulphonic, 616 
Aromatic, 575 et seq, 

Azobenzoio, 578 
Benzenedicarboxylic, 575 
Benzenetetracarboxylic, 581 
Benzenetricarboxylic, 575 
Benzoylbenzoic, 607 
Diazo benzoic, 578 
Dibasic, 196 
Dibydroxybenzoic, 583 
Dibydroxycinnamic, 584 
Dibydroxystearic, 326 
Diolefinedicarbo xylic, 315 
Dipbenylcarboxylio, 606 
Dipbenylsulpbonic, 606 
• Heptonic, 329 
Hexabromostearic, 304 
Hexabydroxystearic, 304 
Hexonic, 328, 427 
Homoaspartic, 356 
Hydrophthalic, 591 
Hydroxamic, 206, 358 
Hydroximic, 358 
Hydroxyolefinecarboxylic, 326 
Hydroxypyridinecarboxylic, 626 
a-Eletonic, 331 
j9-Ketonic, 330 
7 -Ketonic, 331 
Ketonic dibasic, 344 
Lactic, 19, 323 
Monobasic, 196 
Monobasic aldehydic, 329 
Monobasic ketonic, 330 
Napbthalenesulpbonic, 613 
Xapbtbenic, 592 
Xapbthoic, 614 
Xapbtbolsulpbonic, 656 
Olefinecarboxylic, 291 
Olefinedicarboxylic, 312 
Phenolic, 676, 582 
Pbenolsulpbonic, 543, 564 
Pbtbalic, 575, 580 
Poly basic aromatic, 580 
Polybasic fatty, 304 
Pyridinecarboxylic, 625, 626 
Pyrotartario, 3ll 
QuinolinebenzocarboxyUc, 63^ 


Acids, QumoIinecarboxyJic, 636 
Saturated dibasic, 304 
Saturated monobasic fatty, 264 
Succinic, 310 
Sulpbo benzoic, 579 
Sulpbonic, 538 
Tartaric, 18, 20, 335 
Tetra basic, 316 
Toluic, 579 
Tribasic, 196, 315 
Unsaturated dibasic, 312 
Unsaturated monobasic fatty, 291 
Unsaturated monobasic, of the series 
C«Hg„— 4 O 2 , 300 
with two double bonds, 302 
with three double bonds, 304 
with triple linking, 300 
Xylic, 579 
Aconitine, 628 
Aconitum napellns, 345 
Acridine, 647 
Acridines, 672 
Acrolein, 209 
Acroleinammoiiia, 209 
Acroleinaniline, 636 
Acrose, 329, 428 
Acrylic aldehyde, 209 
xA.ctivators, 410 
Adenine, 368, 369 
Adonitol, 431 
Adrenaline, 629 
Aesculetin, 584, 741 
Aesculin, 584, 74H 
Affinity constants, 267 
Agglutinins, 115 
Agro cotto, 347, 348 
Canine, 3^, 354 
Albumin, Living, 114 
Albuminates, 737 
Albuminoids, 733, 739 
Albumins, 735 
Albumoses, 734, 737 
Alcohol, Absolute, 109, 144 
Acetoisopropyl, 333 
Acetone, 333 
Allyl, 182 

Amyl, 105, 145, 181 
Anisic, 573 
Benzyl, 570 
Butyl, 104, 105, 180 
Caproyl, 181 
Capryl, 181 
Ceryl, 105, 181 
C%tyl, 181 
Coniferyl, 741 
Cumyl, 571 
Decyl, 105 

Denatured, 145, 149, 152 
Do decyl, 105 
Ethyl, 108 
Eluorene, 572 
Eurfuryl, 620 
Glycide, 214 
Heptyl, 105, 181 
Hexadecyl, 105, 181 
Hexyl, 181 
Hydroxybenzyl, 573 
Isobutyl, 105, 181 
Isohexyl, 181 
Isopropyl, 105, 181 
Melissyl, 181 
Methyl, 106-108, 142 
Monoohloroethyl, 21 
Myric^yl, lOH, 181 
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Aieohol, Nonyl, 105 
Octodecyi, 105 
Octyl, 105, 181 
Oenanthyl, 181 
of crystallisation, 105 
Pentadecyi, 105 
Phthalic, 570 
Propargyl, 182 
Propyl, 105, 181 
Styrji, 571 
Tetradecyl, 105 
Tolylene, 571 
Tridecyl, 105 
Undeejd, 105 
Yanillic, 573 
Vinyl, 182 
Xylylene, 570 

Alcohol, Amylo process, 129 
Effront process, 141 
Piscai regulations, 149 
from fruit, 141 
from lees, 143 
from molasses, 140 
from vinasse, 143 
from wine, 143 
from wood, 142 
Industrial preparation, 110 
meters, 146 
Rectification, 138 
Solid, 109 
Statistics, 149 
S\Titheses, 108 
Tests, 144, 146 
Windisch’s Table, 148 
Yield, 128 
Alcohols, 102 

Aldehydic, 329 
Aromatic ketonic, 573 
Constitution, 103 
Berivatives of monohydric, 190 
of polyhydric, 213 
Bihydric, 182 
Higher monohydric, 180 
Ketonic, 330, 333 
Nomenclature, 104 
Polyhydric, 182, 188 

aldehydic, or ketonic, 426 
Primary, 103, 104 
Saturated monohydric, 103, 105 
Secondary, 103, 104 
Tertiary, 103, 104 
Tetrahydric, 188 
Trihydric, 183 
Unsaturated, 182 
Alcoholene, 153 
Alcoholism, 150 

Alcoholometer, Gay Lussac, 146 
Tralles, 146 
Alcoholometry, 146 
Aldehyde-ammonias, 205 
Aldehydes, 96, 103, 204 
Aromatic, 570 

Betermination by Strache’s method, 212 
ScMff 8 reagent, 206 
with unsaturated radicals, 209 
Aldehydine, 624 
Aldehydo-catalase, 112 
Aldims, 574 
Aldine, 626 
Aldines, 572 
Aldohexoses, 427, 431 
Aldoketenes, 213 
Aldol, 329 
AldoK 30§ 


Aldoses, 426 
Aldoximes, 206 
Alembics, 133 
Algse, 60 

Alipme, 99, 629, 633 
Alizarin, 617, 654, 659 
astrol, 677 
cyanine, 663 
irisol, 677 
sapliirol, 677 
Alkaloids, 626 
Synthesis, 627 
Table, 628 
Tests, 627 
Alkines, 625 
Alkoxides, 103 

Alkoxy-groups, Estiinatiun, 542 
Alkylanthrahydndes, 616 
Alkylenes, 87 
Alkjdhydrazines, 202 
Alkylhydroauthranols, 616 
Alkylhydroxylamines, 202 
Alkyls, 29 

Alkyl halides, 94, 95 
Estimation, 100 
Alkylisoureas, 364 
Allantoin, 367 
AUene, 90, 314 
AUoisomerism, 21, 22 
Alloxan. 366, 623 
Alloxantin, 367 
Allyl bromide, 102 
chloride, 102 
iodide, 102 
ibo thiocyanate, 361 
mustard oil, 361 
thiocyanate, 361 
Allylaniline, 636 
Allylene, 90, 314 

Almonds, composition of sweet, 391 

Aloin, 741 

Amaranth, 656 

Amidases, 155 

Amides, 211, 351 

of carbonic acid, 363 
of hydroxy-acids, 353 
Amidines, 199, 357 
Amido-cMorides, 356 
Amidol, 564 
Amidoximes, 358 
Amimides, 357 
Amines, 200 

Aromatic, 555 
Amino-acids, 351 
Derivatives, 354 
Aminoanisoles, 564 
Aminazobenzene, 569 
Aminoazobenzenes, 565 
Aminoazo-derivatives, 568 
Amiaobenzene, 557 

Amino -derivatives of aromatic hydrocarbons, 

5 ^ 

Aminoguanidine, 366 
Amino -oxindole, 642 
Aminophenols, 562, 563 
Amingthiazole, 623 
Aminothiophenols, 664 
Ammelide, 362 
Ammeline, 362 
Ammonium carbamate, 363 
cyanate, 359 
ichthyolsulphonate, 84 
thiocyanate, 361 
Amjrgdalin, 113, 7^ 



749 


Amyl acetate, 371 
Amylacetylene, 334 
Amylase, 111, 112 
Amyibenzene, 527 
Amyleiie, 90 
hydrate, 181 
Amylodestrin, 115 
Amyloids, 504 

Amylomyces Eonxii, 130, 131 
Amylo process, 129 
Ansesthesia, 94, 98, 629 
Anaesthesin, 633 
Anaesthesiophore, 633 
Anaesthetics, 98, 629 
Mild local, 633 
Analgen, 637 
Analysis, Elementary, 7 
Qualitative, 6 
Quantitative, 7 
Anethole, 543, 574 
Anhydrides, 319, 320 
Internal, 319 
Mixed, 319 
Anlxydro -bases, 557 
Anilides, 560 
Aniline, 557, 566 

hydrochloride, 559, 567 
nitrate, 567 
platinichloride, 559 
salt, 559 
^ sulphate, 559 
Anisaldehyde, 574 
Anisidines, 564 
Anisole, 542 
Annatto, 388 
Anterea mylitta, 696 
Anthracene, 615 
derivatives, 616 
Anthrachrysone, 616 
AnthrafLavone, 665 
Anthragallol, 616 
Anthrahydroquinones, 616 
Anthr amine, 616 
Anthranil, 578 
Anthranol, 616, 617 
Anthrapurpurine, 616 
Anthraquinones, 616, 647 
Anthrarufin, 616 
Anthrols, 616 
Anthrone, 616 
Antialdoximes, 210 
Anti-bodies, 115 
Antichlor, 706 

Antidiazo-p-chlorbenzene, 566 
Antidiazotates, 567 
Antifebrin, 560 
Antiketoximes, 211 
Antilaotase, 115 
Antimorphine, 115 
Antipepsin, 115 
Antipyrine, 623 
Antique purple, 664 
Antirennet, 115 
Antiricin, 115 
Antiseptics, 127, 541 
Antiserum, 738 
Antitoxins, 115 
Apigenin, 638 
Araban, 429 
Arabinose, 428, 429, 431 

benzylphenylhydrazoue, 429 
Arabitol, 189, 427, 430 
Arachis nuts, 391 
Arbutin, 741 


INDEX 

Archil, 544, 667 
Arginine, 328 
Aristol, 543 

Aromatic compounds, 28, 521 
Arrack, 160 
Artificial hair, 702 
Artificial parthenogenesis, 115 
Ascomycetes, 111 
Aseptol, 564 
Asparagine, 19, 856 
Aspartamide, 356 
Aspergillus oryzee, 130 
Asphalte, 59, 83 
mastic, 83 
Aspirin, 582 
Astatki, 67, 74 
Asymmetric syntheses, 114 
Asymmetry, Absolute, 22 
Belative, 22 
Atole, 160 

Atropa belladonna, 631 
Atropine, 628, 631 
Attenuation of fermented liquids, 12 13^ 

174 

Auramine, 660 
Aurin, 608, 660 
Auxochromes, 649 
Axite, 245 
Azides, 358 
Aziminobenzene, 557 
Azimino-compounds, 557 
Azines, 661 
Azobenzene, 565 
Azo carmine, Acid, 676 
Azo -derivatives, 565 
Azodicarhonamide, 366 
Azoflavine, 675 
Azofuchsines, 657 
Azolitmin, 668 
Azorubin S, 656 
Azotoluene, 565 
Azoxazole, 623 
Azoxybenzene, 565 

Bacillus aceticus, 122, 280 
acidi Isevolactici, 325 
acidificans longissimus, 128 
butylicus, 181 
Belbrtickii, 126 
ethaceticus, 328 
saprogenes vini, 339 
Bacteria, Acetic, 122, 280 
Butyric, 122 
Chromogenic, 110 
Lactic, 122 
Pathogenic, 110 
Reproduction, 110 
Saprophytic, 110 
Zymogenic, 110 
Bagasse, 444 
Balling’s Table, 167 
Ballistite, 244 
Baphia nitida, 669 
Barley, 161 
Barwood, 669 
Bases, Aldehyde-, 557 
Aminic, 200 
Ammonium, 200 
Arsonium, 202 
Iminic, 200 
Nitrilie, 200 
Primary, 200 
Quaternary, 200, 556 
Secondary, 200 
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Bases, Tertiary, 200 
Vegetable, 626 

Beckmann rearrangement, 211, 57S 
Beer, 161 

Aleohol-free, 178 
Analysis, 178 
Attenuation, 178 
Cask pitching, 176 
Composition, 178 
Defection of antiseptics, 179 
fermentation, 171 
Mashing, 168 
Pasteurisation. 177 
Racking, 176 
Statistics, 179 
Beet, 445 

Cultivation, 446 
Production, 478 
Sugar-content, 446 ^ 

Treatment, 448 
Beet -pulp press, 458 
Benzal chloride, 538 
Benzalaeetone, »572 
Benzalacetophenone, 572 
Benzaiazine, 573 
Benzaldehyde, 571, 595 
homolugues, 571 
phenylhjdrazone, 573 
Benzaldoxime, 572 
Benzamide, 578 
Benzanilide, 560 
Benzanthrone, 665 
Benzene, 528, 533 
Artificial, 533 
Chloro-derivatives, 537 
Derivatives, 521 
Formation, 525 
Formulae, 522 
from Naphtha, 75 
Haloid derivatives, 537 
Homologues, 534 
Hydrogenated derivatives, 591 
Isomeric derivatives, 523 
Tests, 534 

Benzene sulphoehloride, 538 
Benzenesulphamides, 538 
Benzhydrazide, 578 
Benzhydrol, 572, 606 

Tetramethyldiamino-derivative, 606 
Benzidam, 557 
Benzidine, 566, 650, 657 

Benzil, 609 
Benz im inazoles, 557 
Benzine, CVude, 73 

from petroleum, 66 
Benzoazurin, 605, 6^, 678 
blue, 678 
blue-black, 678 
browns, 679 
flavin, 663 
orange, 678 
purpurin, 605 
Benzoin, 609 
Benzonitrile, 568 
Benzophenone, 572, 606 
oxime, 573 
Benzopinacone, 572 
Bexizoq.umone, 547 
Benzotrichloride, 538 
Benzoyl, 14 

chloride, 578 
Benjzjoylacetone, 572 
Benzoylazoimicb, 578 
Benzoylearbinol, 574 


INDEX 

Benzoylsaliein, 741 
Benzoyltropine, 629 
Benzyl bromide, 537^^ 
chloride, 537, 553 
iodide, 537 
Benzyl amine, 561 
Benzylaniline, 560 
Benzyldioximes, 609 
Benzylglucoside, 437 
Benzylhydrazine, 570 
Benzylphenylamine, 560 
Benzylphenylhydrazine, 570 
Berherine, 633 
Bergamot, 347 
Betaine, 323, 355 

hydrochloride, 355 
Betol, 613 

Bile compounds, 741 
BUifuchsm, 741 
Bilinenrine, 214 
Bilirubin, 741 
Biliverdin, 741 
Biogen theory, 114 
Bisazo-compounds, 565 
Bismuth tribromopheno'Xide, 101 
Bisulphite aldehyde compounds, 20 
Bitumen, 83 
Biuret, 364 
Bixa Orellana, 388 
Black, Acid azo, 674 
Alizarin, 663 
Aniline, 651, 662, 731 
Anthracene, 674 
Bone, 470 
Columbia, 677 
Diamine, 677 
Diamond, 657 
Fine, 663 
Immedial, 677 
Naphthazarin, 614 
Naphthol, 667 
Kaphthylamin^, 657 
Oxidation, 663 
Pluto, 677 
Sulphur, 671 
Vidal, 564, 677 
Zambesi, 677 
Blankite, 445 
Blastomyeetes, 111 
Bleaching of textiles, 712 
Blood, 114 

stains. Identification, 738 
Blue, Algol, 665 
Alizarin, 663 
Alkali, 676 
Anthracene, 663 
Capri, 661 
Carmine, 660 
Ciba, 664 
Diaminogen, 678 
Immedial, 678 
Indanthrene, 665 
Indrone, 665 
Janos, 677 
Lanacyl, 677 
Meldola’s, 673 
Methylene, 661, 673 
Naphthol, 661 
Nile, 661 
Ox^unine, 678 
Sulphur, 678 
Victoria, 677 
Wool, 677 
Boghead coal, 84 
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Bombys: mori, 690 
Boot-polish, 475, 528 
Bordeaux, Ciba, 664 
Indanthrene, 665 
S, 656 

Borneol, 600, 603 
Bornesitol, 546 
Boudineuse, 231, 243 
Bradolytes, 608 
Brandy, see Cognac 
Brazilein, 669 
Brazilin, 669 
British gum, 501 
Bromobenzenes, 537 
4-Bromomethylfurfural, 430 
Bromonitrobenzenes, 553 
Bromostyrenes, 538 
Bronze, Biamine, 679 
Brown, Alizarin, 677 
Anthracene, 677 
Bismarck, 557, 658 , 672, 677 
Cibanone, 665 
Diamine, 679 
Indanthrene, 665 
Janos, 679 
Pluto, 679 
Pyrogen, 679 
Sulphur, 679 
Thiazine, 679 
Brucine, 628, 633 
Bulgarian ferment, 440 
Butandiene, 90 
Butandiine, 94 
Butandione, 333 
Butanes, 91 
Butanolone, 333 
Butanols, 180 
Butanone, 212 
Butantetrol, 189 
Butenes, 80 
Butter, 385 

Analysis, 387 
Artificial, 387 
Cacao, 369 
Coco -nut, 402 
Renovated, 388 
Buttirol, 385 
Butyl iodides, 97 
Butylbenzene, 527 
Butylenes, 80 
Butyroflavine, 383 
Butyrolactone, 322 
Butyrometer, Gerber, 386 
Butyrorefraetometer, Zeiss, 375 
Butyryl chlorides, 319 
Byssus, 698 

C Jag AO butter, 369 
Oachou de Laval, 670 
Immedial, 679 
Sulphur, 679 
Cacodyl, 20, 202 
chloride, 202 
oxide, 202 
Cadaverine, 214 
Cadmium bromoxylonate, 429 
Caffeine, 368, 369 , 626 
Calcium acetate, 285 
benzoate, 526 
butyrate, 288 
carbide, 92 
citrate, 346, 350 
cyanamide, 362 
dilactate, 325 


INDEX 

Calcium formate, 270 
lactate, 325 
oxalate, 307 
tartrate, 336 
Calendars, 725 

Calorimeter, Junker’s gas, 54 
Campeacliy, 666 
Gamphane, 598 
Camphene, 597 
Campholide, 603 
Camphor, 600, 602 
Artificial, 597, 603 
Camphors, 600 
( 'am\vood/'669 
Candles, 412 

Paraffin, 415 
Statistics, 415 
Stearine, 414 
Tallow, 413 
Cannel coal, 84 
Gantharidin, 742 
Capillarimeter, 149 
^ Caps, 255 
Caramel, 433, 435 
Carane, 596 
Carbamide, 363 
Carbamidyl chloride, 363 
Carbazide, 364 
Carbazole, 605 , 615 
Carbenes, 83 
Carbinol, 104, 108 
Carbocyclic compounds, 28 
Oarbodiimide, 18, 362 
Oarbodiphenylimide, 362 
Carbodynamite, 231 
Carbohydrates, 426 
Carbohydrazide, 364 
Carbolineuni, 532 
Carbon, Asymmetric, 18, 27 
chains, 16 
Estimation, 7 
sulphochloride, 365 
tetrachloride, 101 
Valency, 14 

Carbon oxychloride, see Phosgene 
Carbonisation of textiles, 682, 714 
Carbonite, 231 
Garbonites, 246 
Carbostyril, 637 
Carboxyhsemoglobin, 738 
Carboxyl, 103 
Carbyl sulphate, 213 
Carbylamines, 199 , 556 
Carone, 596, 600 
Carotin, 692 
Cart-grease, 82, 424 
Oarvacrol, 543, 600 
Garvacrylamine, 555 
Carvene, 593, 595 
Carvol, 601 
Carvomenthol, 600 
Carvomenthone, 600 
Carvone, 601 
Caryophyllene, 598 
Casein, 385, 702, 737 
Vegetable, 737 
Castor oil, 326, 393 
Catalases, 112 
Catalysts, Inorganic, 113 
Organic, 113 
Catechol, 543 
Catechu, 585, 669 
Cedrene, 598 
Cellase, m 
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Gellite films, 504 
Cellobio&e, 504 
Cellose, 504 
Celluloid, 604, fill 
Ceilulote, 503 
acetate 504 
formate, 504 
hvdrate, 505 
Wood, 511 

Gentrifuges, 385, 46S 

Cerasin, 61, 81, 85, 86, 597 

Cereals, Stareh-eontent, 117, 118 

Cerebriii, 741 

Cerotene, 90 

Cerotin, 181 

Ceryl cerotate, 181, 372 

Cevadine, 632 

i 'etyl palmitate, 372 

(’etylbeiizene, 527 

Clialkone, 572 

Ghamlx^rland flasks, 123 

Chamoising, 588 

Cluimpy drums, 253 

Chappe (silk), 692 

Charcoal, Animal, 47() 

Wiiod, 106 
Chartreuse, 160 
Cheddite, 255 
Cheese, 385 
Filled, 385 
Margarine, 382 
Chica, 160 
Chinovose, 431 
Chitin, 742 
Chitosan, 742 

Chlamydomucor oryz<e, 130 
Chloracetanilide, 560 
Chloral, 209 

hydrate, 209 
Chloraiamide, 352 
CJhloramides, 199 
Chloranhydrides, 317 
CJhloranil, 547 
Chlorhydrins, 87, 214 
Chlorobenzenes, 537 
(Aioroeruorin, 114 
(Jhloroethane, 97 
(Chloroform, 98 
Hetet, 99 
Tests, 100 
Chloromethane, 96 
Chloronitrobenzenes, 553 
CMorophyll, 111, 669 
Chiorophyllase, 669 
Chloropicrin, 198 
a-Chloropropylene, 102 
Chooolate, 368 
Cholesterol, 742 
Cholestrophane, 367 
Oioline, 214 
Chromogens, 647 
Chromone, ^7 

Chromophores, 595, 647 ei seg, 
Chromotrop, 676 
CSironograph, le Boiilenge’s, 262 
Chrysamine B, 678 
Chrysazin, 616 
Chrysazol, 616 
Chrysene, 619 
dnysin, 638 
Chrysoidin, 557 
Chrysoidines, 565 
Chtiy^oin, 666 
CferyBophenin, 678 


Cider, 159 

Cinchona alkaloids, 633 
C’mchonidine, 634 
Cinchonine, 628, 634 
Cinene, 594 
Cineol, 602 
Cimiainaldehvde, 572 
Citral, 182, 209 
CCitrene, 593, 595 
Citromyces citrieus, 346 

Pfeflerianus and Glaber, 34 
Oitronellal, 210, 297 
Citronellol, 182 
Citrus bergamica, 347 
industry, 347 
limetta, 347 
limonium, 347 * 

Classification of organic substances, 28 
Clovene, 598 
Clupein, 737 

Coagulation, Enzymic, 112 
Coal, Cannel, 84 
for gas, 36, 37 
Coal-gas, 36 
Coal-tar, 83 
Cocaine, 99, 633 
Cocci, 110 
Coccus cacti, 668 
Cochineal, 668 
Cocoa, 308 

Coco-nut, Composition, 391 
oil (or butter), 378, 402 
Cocoons, 690 

Production, 6.95 
Waste, 692 
Codamine, 632 
Codeine, 627, 628, 632 
Coerulein, 650, 651 
Ccerulignone, 606 
Coffee, 369 
Cognac, 144, 160 
Colchicine^ 628 
Collagens, 739 
Collidines, 625 
Collodion, 700 

cotton, 232, 239, 700 
Colophene, 598 
Colophony, 420, 596 
Colorimeters, 705 
Colouring-matters, 646 

Aci-aminoanthraquinone, 665 

Acid, 650, 655, 673 

Acridine, 663 

Adjective, 651 

Aminoazo, 656 

Azo, 655, 673 

Basic, 650, 665, 673 

Benzidine, 667 

Benzo, 667 

Chromotrop, 667 

Glassification of, 654 

Coumarin, 663 

Diamine, 657 

Dianil, 657 

Diphenylmethane, 660 
Fastness of, 707 
Flavone, 663 
Hydrazone, 658 
Hydroxyazo, 656 
Immedial, 670 
Indanthrene, 664, 665 
Ingrain, 658 
Insoluble, 655 
Janos, 658 
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Colouring-matters, Katkigenic, 670 
Kriogenic, 670 
Manufacture of, 652 
Monoazo, 656 
Mordant, 655, 659 
Natural, 651 
Neutral, 650 
Nitro, 655 
Oxyketone, 663 
Phenolic, 673 
Polyazo, 656 
Pyrazolone, 658 
Quinoline, 663 
Quinonimide, 661, 665 
Quinone, 659 
Statistics, 653 

Substantive, 650, 651, 655, 673 
Sulphur, 670 
Tests, 671, 680 
Theory of, 646, 708 
Thiazole, 663 
Triphenylmethane, 660 
Vat, 664 

Water-soluble, 671 
Xanthone, 663 

Concentrators, Multiple effect, 463, 464 
Condensation, Aldehyde, 205 
Aldol, 205 

Condenser, Liebig’s, 2 

Conditioning of textiles, 704 

Conductivity, Electrical, 27 

Conidia, 111 

Coniferin, 574, 741 

Coniine, 19, 90, 625, 629 

Conylene, 90 

Coolers, Wort, 170 

Copellidme, 626 

Copper aceto-arsenite, 287 

Copra, 402 

Cops, 718 

Coralline, 660 

Corchorus capsularis, 689 

Cordite, 244 

Corium, 586 

Cornein, 740 

Cotarnine, 633 

Cotton, 684 

Bleaching, 711 
Mercerisation, 506, 685 
Production, 685 
seed, 391 
Coumalin, 626 
Coumarin, 576, 583, 595 
Coumarins, 663 
Count of yarn, 683 
Crabbing, 717 
Cracking of oils, 74 
Cream of tartar, 336, 337 
Creatine, 366 
Creatinine, 366 
Creoline, 543 
Creosol, 544 
Creosote, 83 
oils, 531 
Cresols, 543 
Oroceine, 656 
Crotonaldehyde, 209 
Crotonylene, 90 
Crushers, 220, 261 
Cryptopine, 632 
Crystalline, 557 
Crystallisation, 2 
CrystaUose, 579 
Crystals, Hemihedral, 18 
II 


Crystals, Liquid, 116 
Mixed, 23 
Cudbear, 668 
Cumene, 535 
Cumidme, 535 
Cuminaldehyde, 572 
Cuminol, 572 
Cunerol, 385 
Cura9ao, 160 
Curarine, 627, 633 
Cutch, 585, 669 
Cyamelide, 359 
Cyanamide, 18, 362 
Cyanamines, 661 
Cyanates, 359 
Cyanides, Alkyl, 198 
Cyano-acids, 317 
Cyanogen, 358 
chloride, 359 
compounds, 358 
of coal-gas, 47 
sulphide, 360 
trichloride, 359 
Cyanohydrins, 199 
Cyanole, 676 
Cyranoquinolines, 636 
Cyanurtriamide, 362 
Cyclic compounds, 87, 520 
Cyrcloheptanone, 297 
Cyclohexane, 63 
Cyclo -olefines, 28, 520 
Cycloparaffins, 28, 520 
Cyelopentadiene, 521 
Cyclopentane, 63 
Cyclopentanone, 521 
Cyclopropane, 87 
’Cymene, 209, 585 
Cymogen, 35 
Cynarase, 115 
Cysteine, 332, 356 
Cystine, 332, 356 
Cytase, 112 

Dambostitol, 546 
Paphnetin, 584, 741 
Paphnin, 584 
Patura stramonium, 631 
Pecahydroquinoline, 637 
Pecane, 31 
Pegragdne, 389 
P4gra8, 389, 588 
Artificial, 389 
Pegree of dissociation, 267 
fermentation, 129 
(apparent), 129 
(real), 129 
mercerisation, 686 
rancidity, 375 
viscosity, 79 
Pegrees Brix, 129, 481 
Pehusker, 121 
Pelphinin, 627 
Penaturants, 152 
Penaturedl alcohol, 152 
Densimeter, Brix, 447, 481 
Legal, 174 

Pephlegmators, 67, 133, 139 
Derricks, 68, 65 
Pesiohthyol, 84 
Pesmobacteria, 110 
Pesmotropy, 17 
Pesoxybenzoin, 609 
Detonation,. 215 
Detonators, 255 

48 
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PovelopeTS, Pilot ograplii<?, 564 
I>e3:trase, 123 
501 

in gluoofee, 433 
Dextrinase, 112, 171 
Dextrose, 433 
Diacet amide, 352 
Diacetanilide, 560 
Diacethydrazide, 358 
Diacetyi, 332, 333 
Diacetylene, 94 
Diacetylglycol, 182 
Dialdehydes, 329 
Diallyl, 90 
Diamalt, 500 , 711 
Diamines, Aromatic, 656 
Diamino -acids, 356 
Diammoazobeiizenes, 565 
Diaminobenzenes, 556 
p : p-Diaminodipbenyl, 003 
p-Diaminodiphenylmetbane, 606 
Diaminogen, 678 
Diaminopbenol, 564 
p-Diaminostilbene, 609 
Biamsidine, 605 

Biantbraquinonedihydroazine, 665 
Diastase, 111, 112, 116 
Diastofor, 600 , 695, 711 
m-Diazine, 626 
Biazoaminobenzene, 569 
Biazoaiomo-compoTinds, 556, 565, 569 
Biazoanisole cyanide, 567 
Biazobenzene bromide, 568 
chloride, 568 
nitrate, 568 
perbroxoide, 568 
sulphate, 568 
Diazo black, 677 
blue, 678 
brown, 679 

compounds, 202, 556, 565, 566 
Diazoguanidine, 366 
Diazomethaue, 202 
Diaronium platinichloride, 567 
salts, 566 
Biazotisation, 658 
Dibenzy^l, 609 

derivatives, 609 
Dibromopyranthrene, 665 
Bicetyl, 31 
Dichlorhydrin, 214 
Dichlorethane, 98 
Dichloromethane, 98 
BicMoronaphthalene, 614 
Bickol, 400 
Bieraein, 372^ 

Bicyanodiamide, 362 
Bieline, 102 
Biethyiaeetylurea, 629 
Biethylamine, 201 
Biethylcarbinol, 105, 203 
Biethylcyanamide, 362 
Biethylenediamine, 214 
Biethylmalonylurea, 629 
Biethylsulphone, 196 
Bifiusors, 451 , 452 
Bigifcalin, 628, 741 
Bigi^onin, 741, 742 
Bigi toxin, 741 
Biglyoerol, 184 
Biglycohamides, 353 
Biglycollimide, 353 
Bihydrazides, 358 
Bihydric phenols, 543 


INDEX 

Dibydroanthracene, 616 
Dibydrocymene, 593, 596 
Bibydropyxidines, 626 
Dihydropyrrole, 622 
Dihydroxyacetonase, 123 
Diby dr oxy acetone, 123, 333 
Dihydroxyanthraquinone, 617 
o -Dihydro sybenzophenone, 606 
Dibydroxycoiimarm, 584, 741 
Dihydroxydiaminoarsenobenzene, 
Dihydroxydiethylamme, 213 
Dihydrosydiplienyls, 606 
p -Dihydro xyhexamethylene, 592 
Dibydroxynaphthaqumone, 659 
Dihydroxytoluene, 544 
Diketo butane, 333 
p-Diketohexamethylene, 592 
Diketohexane, 334 
Diketonamines, 210 
Diketones, 333 
Diketopiperazine, 734 
Dimethylacetamide, 351 
Dimethylacetol, 333 
Bimethylamine, 201 
Dimethylaniline, 559 
Bimethylanthracene, 616 
Dimethylarsenic acid, 202 
chloride, 202 
Dimethylarsine, 202 
Dimethylbenzenes, 534 
Dimethylbutadiene, 599 
Dimethylcarbinol, 180 
Dimethylethyloarbinol, 105, 181 
Bimethylfulvene, 521 
Bimethylmetliane, 35 
Bimethyloxamide, 200 
Dimethylphenylpyrazolone, 623 
Bimethylpyridines, 625 
BirnLethyltjhiophene, 620 
Dimorphism, 24 
Dinaphtbol, 613 
Binaphthyl, 614 
Binitroacetylglycerine, 223 
Binitroantbracenes, 616 
Binitrobenzenes, 560 
Binitrodurene, 648 
Binitroformylglycerine, 223 
Bmitroglycerme, 222 
Binitroisodurene, 548 
Bmitromesitylene, 548 
Binitromonoohlorhydrin, 223 
Binitroprebnitene, 548 
7 -Biiutrotolylphenylaniine, 553 
jS-Binitrotoluidine, 553 
Bmitroxylenes, 548 
Biolefines, 90 
Bionine, 627 
Bioxyindole, 638 
Bioxynapbthaqumoiies, 614 
Bipentene dihydrochlorides, 595 
Bipeptides, 734 
Biphenyl, 568, 695 
derivatives, 605 
Biphenylacetamide, 660 
Biphenylacetylene, 609 
Biphenylamine, 559 
Biphenylcarbinol, 606 
Biphenyleneketone, 573 
Biphenylenemethane, 607 
as. Biphenyletbane, 606, 609 
Biphenylethylene, 609 
Diphenylbydrazane, 570 
Biphenyl ketone, 572 
Biphenylmetbane, 604 


564 
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Diphcnylnitroscimine, 570 
Diplococci, 110 
Dipropargyl, 94 
Dipsacus fullonum, 725 
Dipyridine, 625 
7 -I)ipyridyl, 625 
Diquinoline, 637 
Diquinolyl, 637 
Disinfectants, 541 
Distillation, Fractional, 2, 66 
of fermented liquids, 132 
Theory, 3 
Vacuum, 4 
Wood, 272 

Distillery residues. Utilisation, 153 
Disulphides, 195 
Disulphoxides, 195 
Dithioglycol chloride, 213 
Dithiourethane, 365 
Diureides, 367 
Docosane, 31 
Dodecane, 31 
Dornxiol, 99, 629 
Dotriacontane, 31 
Dryers for oils, 400 
Drying ovens for explosives, 239, 253 
textiles, 723 

Drying power of oils, 399 
Dulcitol, 190 
Durene, 535 
Durra, 117, 151, 154 
Dyeing, Theory, 708 
Dyestufis, see Colouring-matters 
Dyewoods, 666 
Dynamites, 229 
Analysis, 259 
Gelatine, 241 
Gelatinised, 242 
Gum, 241 
Manufacture, 230 
Non-congealing, 551 
Properties, 231 
Safety, 231 
with active bases, 231 
with inert bases, 230 

Ebonite, 598, 702 
Ebullioscope, 147 
Eogonine, 633 
Echinochrom, 114 
Eorasite, 563 

Effusiometer, Bunsen’s, 55 
Eggs, 736 

Preservation, 736 
Ehrlich’s side-chain theory, 114 
Eicosane, 31 
Eikonogen, 613 
Elastin, 739 
Emeraldine, 662 
Emulsin, 112, 113 
Emulsor, Kuhlmann, 226 
Emulsor-centrifuge, 394 
Enantiomorphism, 19, 24 
Enantiotropy, 108 
Encaustic, 377 
Engenhos, 444 
Enzymes, 22, 112, 740 

Equilibrated action, 113 
Glycolytic, 429 
Synthetic action, 113 
Eosin, 581 
Eosins, 661 
Epichlorhydrin, 214 
Equilibrium in saponification, 370 


Erica B, 679 
Briooyanine, 677 
Erythrene, 90 
Erythrin, 189 
Erythritol, 90, 189 
Erythrodextrm, 116 
Erythrolem, 668 
Erytbrolitmm, 668 
Erythroxylon coca, 633 
Esterification, Laws, 370 
Esters, 103 
Etbanal, 208 
Ethanamide, 352 
Etbanamidine, 357 
Ethandial, 329 
Ethandiol, 183 
Ethane, 17, 23, 34 

Polycbloro-derivatives, 101 
Ethanol, 108 
Ethene, 29, 89 
Ethenol, 182 

Ethenylethylenediamine, 623 
Ether, 192 

Petroleum, 35, 66 
Ethers, 190 
Ethine, 29, 92 
Ethyl, 29 

acetate, 331, 371 
acetoacetate, 331, 332, 372 
benzoate, 578 
bromide, 95 
bromopropionate, 309 
butyrate, 372 
carbonate, 363 
chloride, 95, 97 
chloroacetoacetate, 333 
chlorocarbonate, 363 
chloroformate, 363 
cyanurate, 359 
diacetylsuccinate, 333 
diazoacetate, 323, 356 
dichloroacetoacetate, 333 
dibydrocoUidinedioarboxylate, 624 
diketoapooamphorate, 602 
diketocamphorate, 602 
j8 jS-dimethyiglutarate, 602 
dimethylmalonate, 372 
fluoride, 95, 97 
formate, 331, 371 
hydroxycrotouate, 330 
iodide, 95, 97 
isocyanate, 359 
isocyanurate, 359 
malonate, 308 
methyl ketone, 212 
mustard oil, 361 
nitrate, 197 
nitrite, 197 
oxalate, 200 
peroxide, 194 
hydrate, 194 
phosphate, 197 
sodioacetoacetate, 331, 332 
sodiomalonate, 309 
sodiomethylmalonate, 309 
sulphate, 197 
sulphite, 197 
thioacetate, 361 
thiocyanate, 361 
Ethylacetamide, 351 
Ethylacetamido -chloride, 356 
Ethylacetimiao-ohloride, 366 
Ethylacetylene, 90 
Ethylamine, 199, 201 
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Ethylamine ethyldithiocarbamate, 365 
iiydrocMoride, 351 
Ethylbenzene, 527, 534 
Ethylcarbiaoi, 180 
Ethylcyanamide, 362 
Ethylene, 87, 89 

bromide, 08, 182 
chloride, 98 
cyanide, 213 
iodide, 98 

monothiohydrate. 213 
oxide, 213 

Polyehloro-derivative*^, 102 
Eth^ienecyanohydrin, 213 
Ethylenedmmine, 213 
Ethyienic compounds, 98 
Ethyiglycocoll, 734 
Ethylhydrazine, 206 
Ethylideneaeetone, 333 
Ethylidene chloride. 98 
Ethylidenecyanohydrin, 199, 213, 221 
Ethylidenic compounds, 98 
Ethylmagnesium bromide, 203 
Ethylmercaptan, 196 
Ethylsulpbone, 196 
Ethyltoluene, 525 
Ethvlurethane, 363 
Etiline, 102 
Euea ine, 99, 627 
Eugenoi, 544 
Euquinine, 627 
Eurodines, 661 
Euxanthine, 668 
Euxanthone, 668 
Exalgin, 560 
Excelsior mill, 168, 250 
Exhausters, 48 
Exploders, 258 
Explosion, 215 

by influence, 221 
Determ-ination of, 220 
Heat of, 216 
Pressure of gases, 218 
Velocity of combustion, 219 
projectiles, 262 
reaction, 219 
wave, 219 

Volume of gases, 217 
Explosire, Eavier's, 220 
E3^;)8ives, Abel’s test for, 260 
Analysis of, 259 
Charging density of, 218 
Classification of, 222 
Destruction of waste, 258 
Non-congealing, 223 
Progressive, 219 
Safety, 33, 246 
Sensitiveness of, 261 
Shattering, 219 
SprengeFs, 245 
Stabilisation of, 228 
Statistics of, 263 
Storage of, 258 
Theory of, 215 
Uses of, 263 

Extractor, Mens universal, 393 
Pallcnberg, 393 
Soxhlet, 374 

Wegelin and Hubner, 393 

Eacstis, 599 
Pat, Bone, 378, 388 
Crude, 390 
378 


Eat, Hog’s, 388 
Horse, 378 
Ox, 378 
Wool, 389 
Eats, 372 

Acid number of, 375 
Animal, 379 

Chemical and physical constants of, 378 
Dropping-point of , 6, 375 
Estimation of, 374 
Industrial treatment of, 405 et seq. 
Rancidity of, 375 
Saponification of, 377 
Eehling’s solution, 212, 486 
Eelt, 681 
Eenchene, 598 
Eenchone, 602 

Eermentation, Alcoholic, 110, 121, 171 
Lactic, 324 
Eerrugine, 694 
Eibres, see Textile fibres 
Fibrinogen, 114, 737 
Fibroin, 692, 740 
Eiiite, 244 

Films for cinematographs, 504 
Filter-presses, 459 
Filters, Charcoal, 470 
Mechanical, 461 
Firedamp, 33, 246 
Fishery statistics, 60 
Flavanthrene, 665 
Flavin, 638, 668 
Flavol, 616 
Plavone, 637, 663 
Flavopurpurin, 616, 663 
Flax, 687 

Autumn, 687 
I^Iarch, 687 
Fleece, 681 
Floricin, 399 
Floss (silk), 691 
Flour, Wheat, 497 
Fluoranthrene, 619 
Fluorene, 607 
Fluorescein, 581, 660 
Fodder, Molassic, 140 

Nutritive value of, 153 
Forcite, 242 
Forests, 519 
Formaldehyde, 206 
Formalin (Formol), Analysis of, 207 
Formamide, 352 
Formates, 270 
Formhydrazide, 358 
Formins, 214 
Formose, 428 

Formula, Constitutional, 14 
Empirical, 12 
Fleischmann’s, 386 
Structural, 14 
Formulse, Rational, 17 
Unitary, 14 
Formyl chloride, 317 
Formyloxime chloride, 358 
Fractionator, 136 
Fructose, 435 

Specific Rotation of, 485 
Fruit essences, Artificial, 289, 371 
Fuchsine, 608, 660 
Fucose, 431 
Fulgurite, 231, 245 
Fulier’s-earth, 77, 395 
Fulminate of mercury, 255 
Analysis of, 256 
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Fulvene, 521 
Fumaria officinalis, 313 
Furan, 619, 620 
Furazan, 623 
Furazole, 623 

Fnrfuraldeliyde (Furfural), 145, 430, 620 
Furnace, Combustion, 7 
Gas 41 

Fusel oil, 90, 122, 144 
Fuses, 255 

Bickford, 257 
Electric, 257 

Galactose, 430, 437 
Galalitb, 386 
Galazin, 160 
Galbanum, 544 
Gallocyanine, 661, 673 
Gambler, 669 
Gas, Air, 53 
Blue, 52 

Illuminating, 36 et seq. 

Marsh, 32 
Oil, 57, 82 
Producer, 53 
Biche, 53 
Suction, 53 
Water, 52, 82 
Gases, Permanent, 33 
Gasogen, 42 
Gasolene, 35, 66 
Gasometers, 48 
Suspended, 49 
Telescopic, 48 

Gaultheria procumbens, 106 
Gelatine, 739 
Blasting, 241 
dynamites, 241, 242 
Geranial, 209 
Geranine, 679 
Geraniol, 182, 209, 601 
Gin, 160 
Globin, 737 
Globulins, 736 
Glucoproteins, 739 
Glucosamine, 427, 432 
Glucose, 433, 437 
Detection of, 434 
Estimation of, 433, 486 
Granulated, 434 
Hydrated, 434 
Manufacture of, 434 
Glucosides, 432, 437, 740 
Glucosone, 436 
Glucosoxime, 432 
Glue, 739 * 

Analysis of, 740 
Manufacture of, 739 
Glutarimide, 354 
Gluten, 497 
Glyceraldehyde, 329 
Glycerides, 183, 370, 372 
Synthesis of, 373 
Glycerol (Glycerine), 35, 122, 183 
Qualities of, 188 
Refractive index, 184 
Statistics, 188 
Tests for, 188 
Glycerose, 329 

Glycine (Glycocoll), 317, 322, 355 
Glyoocyamidine, 366 
Glycocyamine, 366 
Glycogen, 114, 603 
Glycol, 183 


Glycol acetates, 213 
cMorohydrin, 213 
dinitrate, 213 
Ethyl ethers of, 213 
mercaptan, 213 
GlycoUamide, 353 
Glycollic aldehyde, 329, 428 
Glycollide, 322 
Glycols, 88, 182 
Higher, 183 
Propylene, 183 
Glycosine, 329 
Glycylglycine, 734 
Glyoxal, 329 
Glyoxaline, 329, 623 
Glyoxiline, 231 
Gnoscopine, 633 
Gommeline, 501 
“ Grains,” 169 
Grape-must, 155 
Greek fire, 248 
Green naphtha, 84 
oil, 84 
starch, 495 
Green, Algol, 665 
Alizarin, 663 
Brilliant, 675 
Diamine, 678 
Diamond, 675 
Fast, for cotton, 659 
Indanthrene, 665 
Italian, 678 
Janos, 675 
Malachite, 607, 660 
Methylene, 661 
Haphthol, 659 
Pyrogen, 678 
Schweinfurth’s, 287 
Sulphur, 678 
Grisounite, 247 
Guaiacol, 544 
Guanamines, 365 
Guanidine, 365 

Amino -derivative of, 366 
nitrate, 366 

Hitro-derivative of, 366 
Guanine, 368, 369 
Gum, 502 

arabic, 502 
Artificial, 501 
British, 501 
dynamites, 241 
Starch, 501 
tragacanth, 502 
Guncotton, 232 

Compression of, 238 
Manufacture of, 234 
Properties of, 233 
Pulping of, 237 
Stabilisation of, 237 
Thomson and Nathan’s process for, 236 
Uses of, 238 
Guttapercha, 599 

H-asMATEiK, 666 
Hsematin, 737 

hydrochloride, 738 
Hsematoxylin, 666 
Haemin, 738 
Haemocyanm, 114 
H8emoer3rthrm, 114 
Haemoglobin, 113, 114, 737 
Hair, Artificial, 702 
Half -stuff, 509 
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Halides, Acid, 316, 317 
Halogens, Detection of, 7 
Bstiniation of, 11 

Hansena fermentation vessels, 175 
Hardened glass, 80 
Heat of combustion. 25 
explosion, 216 
formation, 25 

of explosives, 216 
neutralisation, 25 
Heaters for sngar-jTiice, 452, 4G1 
Hedonal, 09, 629 
Helicin, 741 
Heliotrope, Ciba, 664 
Heliotropin, 574 
Hemicellnlose, 503 
Hemimellitbene, 527 
Hemiterpene, 598 
Hemp, 688 
seeds, 391 
Heneicosane, 31 
Hentriacont*ane, 31, 36 
Heptacbloropropane, 101 
Heptacosane, 31, 36 
Heptadecane, 31 
Hept aldehyde, 209 
Heptane, 31, 36 
Heptoses, 437 
Heptylbenzene, 106 
Heradeum gigantenm, 106, 181 
spondylhim, 181 
Hesperidene, 595 
Hesperidin, 741 

Heterocyclic compounds, 28, 520, 619 
Hexabenzylethane, 610 
Hexabioses, 438 
Hexabromobenzene, 537 
Hexacetylmannitol, 189 
Hexachiorobenzene, 537 
Hexacblorohexahydrobcnzene, 538 
Hexacontane, 31, 36 
Hexacosane, 31 
Hexadecane, 31 
Hexadione, 334 
Hexaetbylbenzene, 527 
Hexiihjdrobenzene, 592 
Hexabydrocymene, 593, 596 
Hexahydrophenol, 592 
Herahydrop 3 rridine, 626 
Hexahydroxybenzene, 546 
Hexahydroxybenzoplienone. 584 
Hexahydrosycyclohexane, 546 
Hexabydroxydiphenyl, 606 
Hexametbylbenzene, 91, 527, 535 
Hexametbylene, 87, ^2 
Hexametbylenetetramine, 157, 205, 207 
Hexandiine, 94 
Hexanes, 31, 35 
Hexanbexol, 189 
Hexanol, 181 
Hexaphenylethane, 608 
Hexapropylbenzene, 527 
Hexme, 90 
Hexitols, 427, 433 
Hexosaccbarine, 432 
Hexoses, 431 

Const itnt ‘on of, 432 
Hides, Dyeing of, 591 
Finishing of, 590 
Graining of, 590 
Tanning of, 580 
Histones, 737 
Hollanders, 508, 513 
Holooaine, 99, 629 


Homoasparagincs, 356 
Homocaiupburie nitrile, 603 
Homolognes of aniline, 560 
benzaldehyde, 571 
phenol, 543 
buccmic acid, 310, 311 
terpenes, 598 
Homology, 23 
Homopbtbalimide, 637 
Homopyrocatecboi, 544 
Honey, 435 
Hops, 162 

Decoction of, 170 
Humic substances, 432 
Humulus lupulus, 162 
Hydantoin, 364 
Hydraceliuiose, 505 
Hydramine, 213 
Hydrastine, 632 
Hydrastinine, 632 
Hydraulic accumulators, 393 
gas main, 43 
press, 251, 392 
Hydrazides, 358, 570 
Hydrazines, 565, 569 
Hydrazobenzene, 566 
Hydrazodicarbonamide, 366 
Hydrazones, 206, 427 
Hydroantbracene, 615 
Hydroantbranols, 616 
Hydrobenzamide, 571 
Hydrobenzoin, 609 
Hydrocarbons, 28, 30 
Aromatic, 526 
of petroleum, 62 
of the C«H 2 « 2 series, 90 
of the GnH 2 ;i -4 and q seiies, 94 

Saturated, 28, 30, 31 
Unsaturated, 28, 87, 96 
with triple linkings, 90 
with unsaturated side-chains, 535 
Hydro cellulose, 503, 504 
Hydrocinchonidme, 634 
Hydrocotarnine, 633 
Hydrocyanocarbodiphenylimide, 644 
Hydrogen, Estimation of, 7 
Nascent, 32 
Typical alcoholic, 106 
Hydrolysis, 104, 438 
Enzymic, 112 
Hydronaphfehalene, 612 
Hydropyxidines, 626 
Hydroquinine, 634 
Hydroquinone, 644 
Hydroxy-acids, Aromatic, 582 
Higher, 326 

poly basic, 351 
Polyvalent dibasic, 334 
monobasic, 328 
tribasic, 345 

Saturated monobasic, 326 
Unsaturated monobasic, 320 
Hydroxy-alcohols, 573 
Hydroxy-aldehydes, Aromaitic, 573 
Hydroxyanthranol, 617 
Hydroxyanthraquinones, 616 
Hydroxyazo-compounds, 565 
Hydroxyhenzaldehydes, 574 
^-Hydroxybutyraldehyde, 205 
Hydroxy ethylamine, %IZ 
Hydroxyethyltrimethylammonium hydroxide. 

214 

Hydroxy hydroquinone, 545 
Hydro xylamine, 197 
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Hydroxylamine derivatives of acids, 358 
Hydroxylinolein, 400 
Hydroxymethyleneacetone, 331, 334 
Hydroxymethyleneketones, 334 
Hydroxymethylfnrfural, 430 
Hydroxynitriles, 199 
Hydro xypyridines, 625 
2-Hydroxyquiiioline, 637 
Hydroxytoluenes, 543 
Hyoscyamme, 632 
Hyphomycetes, 111, 130 
Hypnone, 572 
Hypnotics, 98, 629 
HypoxantMne, 368 


ICHTHYOFORM, 84 
Ichthyol, 84 
Ichthyolsulphonates, 84 
Iditol, 190 
Illuminating gas, 36 
Analysis of, 53 
Calorific value of, 38, 54 , 55 
Composition of, 38 
History of, 36 
Lighting power of, 55 
Meters, 50 

Physical and chemical testing of, 53 
Price of, 51 
Properties of, £8 
Purification of, 43, 46 
Separation of naphthalene from, 44 
Statistics of, 52 
Yield of, 51 
Imidazole, 623 
Imides, 353 
Immocarbamide, 365 
Iminocarbarmdeazide, 366 
Iminochlorides, 356 
Iminoethers, 352, 353 
Iminothioethers, 357 
Iminourea, 365 
Impermeable fabrics, 286 
Indamine, 647, 661 
Indanthrene, 471, 665 
Indazin, 676 
Indazole, 639 
Indene, 614 

Index of refraction, 26, 375 
Indican, 640 
of urine, 638 
Indigo, 639, 663 
Analysis of, 640 
blue, 640 
carmine, 641 
Colloidal, 641 
extract, 676 
Properties of, 641 
Statistics of, 645 
artificial, 645 
Syntheses of, 642 
Indigofera erecta, 640 
leptostacbya, 640 
tinctoria, 639 
Indigoids, 663 
Indigolignoids, 665 
Indigotin, 640 
Indirubin, 664 
Indoin, 656 
Indole, 638 
Indolignone, 665 
Indonaphthalene, 665 
Indophenin, 620, 621 
Indoxyl, 638 , 640, 644 


Indrene, 615 
Indulins, 661 
Infusorial earth, 223, 229 
Injectors, Kbrting, 48 
Ink, 583 

Inositol, 546, 592 
Inuiin, 435, 436 
Inversion, 433, 441 
Invert sugar, 433, 485 
Invertase (Invertin), 111, 112, 441 
lodobenzene, 536, 537 
lodobutane, 97 
Iodoform, 100 
Tests for, 101 
lodol, 621 
lodopropane, 97 
lodosobenzene, 536 
chloride, 536 
lodoiirethane, 363 
lodylbenzene, 536 
lonene, 599 

Ionic concentration, 441 
lonone, 595, 599 
Irene, 599 
Iridin, 741 
Irigenin, 741 
Irone, 599 
Isatin, 638, 642 
chloride, 642 
a-Isat inanilide, 644 
Isatis tinctoria, 639 
Isatoxinie, 642 
Isoamyl valerate, 372 
Isoamylbenzene, 527 
Isobutane, 35 
Isobutyl iodide, 97 
Isobutylbenzene, 527 
Isobutylcarbmol, 105, 122 
Isocyanates, 359 
Isocyanides, 199 
Isocyclic compounds, 28 
Isocymene, 535 
Isodulcitol, 431, 668 
Isodurenes, 527, 535 
Isoduridine, 555 
Isoeugenol, 544, 57 
Isolactose, 438 
Isology, 23 
Iso maltose, 113, 438 
Isomelamine, 362 
Isomer ides, 16 

Boiling-points of, 24 
Melting-points of, 24 
Metameric, 17 
Optical, 18 
Racemic, 19 
Isomerism,- 14, 16 

Cis- and trans-, 21 
Space, 18 

Isonitriles, 199, 358 
Isonitrosoketones, 211, 333 
Iso-oxazole, 623 
Isopentane, 35 
Isoprene, 96, 598 
Isopropyl iodide, 96, 97 
Isopropylacetylene, 90 
Tsopropylbenzaldehyde, 572 
Isopropylbenzene, 527, 535 
Isoquinoline, 637 
Isorhamnose, 431 
Isovaleryl chloride, 319 
Isoviolanthrene* 665 
Isuret, 358 
Ivory, Artificial, 290 
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JiGOEBS, 721 
ijnte, 689 

Kebib, 115, 160 
Keratin, 683, 739 
Kerosene. (>3 
Keto-aldehydea, 330, 334 
Keto-arabmose, 428 
Ketobeptametbyiene, 521 
Ketobexametbylene, 521, 592 
Ketobexofeete, 427, 431 
Ketoketenes, 213 
Ketones, 96, 103, 203, 204, 210 
Aromatic, 572 
8t raehe^s estimation of, 212 
Ketonimides, 203 
Ketopentametbylene, 521 
Ketoses, 427, 435 
Ketoximes, 210, 572 

Beckmann's transpositic n ot, 210, 573 
Khaki, 669 
Kieselsnbr, 223, 229 

Knearling machine, Werner-PflckUn r, 3S4 

Ko]i, 130 

Konmis, 160 

Kxtnerol, 385 

Kwan, 58 

Kyanol, 557 

liACr'ASE, 112 

Lacs, 400 
Laetalbumin, 735 
Lactams, 355 
Lactases, 112 
Lactic acid baeilins^ 323 
Lactides, 321 
Lactite, 386 
LaetoglobiiHn, 736 
Lactone, Bromo butyric, 295 
Isocaproic, 297 
Lactones, 295, 322, 428 
Lactose, 438, 486 
Testing of, 440 
Laetyl chloride, 325 
Lager beer, 170, 172 
Lakes, 650 
Lamp, Careel, 56 

Hefner, Aiteneck, 56 
Lampblack, 528 
Lanite, 244 
I^rd, 38S 
Landamine, 632 
Landanidine, 632 
Landanosine, 632 
Laurene, 596 
Lautopine, 633 
Law of Balton, 5 

esterification, 370 
Hess-Berthelot, 25 
refraction, 26 
Leather, 586 
Ijecanora tartarea, 668 
Lecithin, 374 
Lecithins, 215 
I^>es, Wine, 143, 337, 341 
Lemons, Cultivation of, 347 
Treatment of, 347 
Leucine, 19, 355, 734 
l^eneo-bases, 607, 647 
I/enoocytes, 115 
Lencxitarmin, 584 
liCTtiloee, 435, 485 
Life, Origin of, 114 
Light Polarised, 26, 330 


INDEX 

Light, Sources of, 57 
Standards of, 55 
Lignin, 505, 512 

Estimation of, 509 
Ligrom, 06 

Lmionene, 593, 595, 596 
Linoleum, 400 

Linseed, Composition of, 391 
oil, 399 

Limim nsitatissimnm, 399, 687 
Lipase, 112, 409 
Lipoids, 629 
Lippich polariser, 484 
Liquexirs, 139 

Liquids, Specific gravity of, 6 
Lithoclastite, 231 
Lithographers’ varnish, 400 
Litmus, 068 
Lnpetidme, 626 
Lupulin, 170, 173 
Luteolin, 638 
Lutidines, 625 
Lyddite, 245, 503 
Lysidine, 623 
Lyj,i e, 328, 356 
Lysins, 115 
Lysoform, 208 
Lysol, 543 
Lyxose, 431 

Macdxjbin, 668 
Madder, 617 

Magnesia, Effervescent, 340 
Maize, 119, 162 

Composition of, 391 
oil, 403 
Malamide, 353 
[Malaria, 635 
Malt, 112, 116 

Cleaning of, 168 
Lias^atic pover of, 167 
Evaluation of, 167 
Green, 164 
Grinding of, 168 
Kilning of, 166 
Mashing of, 168 
Maltase, 111, 112, 117, 438 
JVIalting, 164 

Maltodextrinase, 112, 171 
Maltol, 605, 582 
Maltose, 113, 167, 438, 486 
Mammoth pump, 226 
Manna, 189 
Mannide, 190 
Mannitan, 190 
Mannitol, 189 , 428 

Hexacetyl-derivative of, 189 
Mannose, 436 
Mannotetrose, 489 
Mannotriose, 190 
Margarine, 382, 383 
cheese, 382 
Statistics of, 384 
Margol, 383 
Marsala, 159 
Mashing apparatus, 169 
Massecuite, 468 
Masut, 67, 74 
Meconidine, 632 
Melam, 362 
Melamine, 362 
Melene, 90 
Melibiase, 112 
Melibiose, 438, 442 
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Melinite, 245, 563 
Melissyl palmitate, 372 
Mellite, 581 
Mellithene, 535 
Menthane, 596 
Mentliene, 596 
Menthol, 600 
Menthone, 600 
Mercaptan, 196 
Mercaptans, 195 
Mercaptide, Mercuric, 196 
Sodium, 196 
Mercaptides, 195 
Mercaptol, 210 
Mercerisation, 506, 685, 728 
Mercury fulminate, 255 
Mesidine, 555 
Mesitol, 540 
Mesityl oxide, 212 
Mesitylene, 91, 535 
Metacymene, 527 
Metadiammes, 557 
Metaformaldehyde, 207 
Metaldehyde, 208 
Metalepsy, 15 
Metamerism, 17, 192 
Metastyrene, 535 
Meters, Alcohol, 146 
Automatic gas, 51 
Dry gas, 51 
Gas, 50 
Methanal, 206 
Methanamide, 352 
Methanamidoxime, 358 
Methane, 23, 32 

Derivatives of, 30 
Industrial uses of, 34 
Preparation of, 34 
Properties of, 33 
Methanol, 106 
Methanthiol, 196 
Methene, 89 

Methenylamidoxime, 358 
Methoxymethane, 192 
Methoxypyridine, 625 
Methyl, 29 

acetate, 371 
chloride, 96 
cyanide, 198, 199 
iodide, 97 
isothiocyanate, 361 
mustard oil, 361 
nonyl ketone, 332 
sulphide, 196 
Methylacetanilide, 560 
Methylacetylurea, 352 
Methylal, 209 
Methylamine, 201 

hydrochloride, 97, 201 
sulphate, 201 
Methylaniline, 559 
Methylanthracene, 616 
Methylarbutin, 741 
Methylhenzene, 534 
Methylbutanol, 181 
Methylcyanamide, 362 
Methyl<hhydroimidazole, 623 
Methylene, 89 

bromide, 95, 98 
chloride, 95, 98 
iodide, 95, 98 
Methylethylacetylene, 90 
Methylethylcarbinol, 181 
Methylglyoxal, 334 
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Methylheptanone, 303 
p-Methylisopropylbenzene, 535 
Methylisopropylcarbinol, 105 
Methylnaphthalenes, 614 
Methylpentoses, 431 
Methylpropane, 29, 35 
Methylpropanol, 181 
Methylpseudoisatin, 638 
Methylpyridine, 625 
Methylpyridone, 625 
a-Methylquinoline, 637 
Methylsulphonal, 629 
Methyluracyl, 367 
Methylurethane, 358 
Metol, 564 
Microi3es, 110 
IVIierococci, 110 
Micron, 110 
Milk, 112, 385 

Analysis of, 386 
C ) CO -nut, 402 
Fermented, 160 
Skim, 385 
IMUling, 714 
Moellon, 389 
Molasses, 469, 473 
Beet -sugar, 140 
Lactose, 440 

Recovery of sugar from, 474-47 6 
Utilisation of. 473 
Monoacetm, 214 
Monoacylhydrazides, 358 
Monoazo -compounds, 656 
Monochlorhydrin, 214 
Mononitroglycerine, 222 
Mononitrotoluenes, 550 
Monosaccharides, 426 
Monoses, 426 

Formation of, 427 
Mordanting, 651, 706, 710 
Mordants, 650 
Morin, 638 

Morphine, 115, 628, 632 
Morpholine, 626 
Morphotropy, 24 
Morns tinctoria, 668 
Motochemistry, 523 
Moulds, 111 
Mucins, 739 

Mucors, 111, 130, 131, 346 
Murexide, 367, 368 
Muscarine, 214 
Mustard, Black, 361 
seed, 391 

Muta-rotation, 27, 430, 485 
Mycoderma aceti, 280, 281 
vini, 281 
Myosin, 737 
Myristin, 289 

Naphtha, 58 

Naphthalene, 531, 610, 643 
derivatives, 610 
from coal-gas, 44 
tetrachloride, 614 
a-Naphthaquinone, 613 
/S-Naphthaquinone, 614 
Naphthazarin, 659 
Naphthenes, 63, 592 
Naphthindigo, 664 
Naphthols, 613 

a- (and /3-) Naphthylamine, 613 
Narceine, 628, 632 
Narcotine, 628, 632, 633 
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Katron, 415 
Keroline, 613 
Nenrine, 214 
Kicol prism, 483 
Nicotine, 628, 629 
Nieotyrine, 630 
Nitracetamlides, 560, 562 
Nitriles, 198, 575 

Constitution of, 199 
Nitroacetins, 224 
Nitroanilines, 561 
Xitroantiiracenes, 61t> 

Nitrobenzaldeiiyde, 672, 643 
Nitrobenzene, 549 , 566 
Nitrocellulose, 232 

constitution oL 232 
Nitrochlorbydrin, 223 
Nitrocymene. 548 

Nitro-derivatives, Aromatic, 197, 547, 548 
Electrolj'tic reduction of, 566 
Nitrodimetbylaniline, 559 
Nitroethane," 198 
Nitroform, 198 
Nitroformins, 224 
Nitrogen, Detection of, 6 

Estimation by Dumas' metbud, 10 
Kjeldahl’s method, 10 
Will and Yarrentrapp’s method, 11 
Stereoisomerism of, 22 
Nitroglycerine, 223 
Eiftration of, 228 
Manufacture of, 225 
Stabilisation of, 228 
Uses of, 229 
Nitroguanidine, 366 
Kitrohexane, 198 
Nitromesitylene, 548 
Nitron, 563 

Nitronaphthalenes, 612 
Nitrophenols, 562 
Hitrophenoxidea, 562 
p-Nitrophenylhydrazine, 570 
Nitroprehnitene, 548 
see. Nitropropane, 198 
Nitro. amines. 201, 556, 567 
Nitro&ites, 593 
Nitrosochiorides, 593 ^ 
p-Nitrosodimethylaniline, 559 
Nitrosodipentene, 594 
Nifcrosophenol, 559 
Nitrosopyrroles, 022 
Nitrotoluenes, 550 
Nitrourea, 364 
Nitrourethane, 363 
Nitroxylenes, 548 
Nomenclature, Official, 28 
Nonane, 31 
Nouodecane, 31 
Nonoses, 437 
Non-sugar, 447, 473 
Nonyl aldehyde, 209 
Nuclei, Condensed benzene, 605 
Nucleins, 738 
Nucleo -albumins, 737 
Nueleo-histone, 737 
Nucleoproteins, 738 
Number, Acetyl, 188, 189 
Acetyl acid. 189 
Acetyl saponification, 189 
Acid, 86, 375 
Butter, 387 
Ester, 377 
Hehner, 373 
Iodine, 375 


Number, Kott&torf, 379 
Mauniene, 376 
Polenske, 387 

Reichert -Meissl-Wollny, 373 - 387 
Saponification, 379 
Nutiose, 3S6, 737 
Nux Tomica, 633 


OCTADBCAPEPTIDE, 735 
Oetadeeylbenzeiie, 527 
Octadiciie, 90 
Octane, 31 
Octocosane, 31 
Octodecane, 31 
Octoses, 437 
Octylbenzene, 527 
CEnanthaidehyde, 209 
OEnoxydase, 112 
Oil, Acetone, 212 

Allyl mustard, 361 
Almond, 378 
Aniline, 558, 559 
Ajiise, 543 

Anthracene, 530, 532 
Arachis, 378, 397, 404 
Bitter almond, 571 
Boiled linseed, 399 
Bone, 620 
Camphor, 604 
Castor, 326, 378, 398 
Clove, 544 
Coco -nut, 378, 402 
Colza, 378 

Cotton-seed, 378, 403 
Chinese hean, 404 
Cod-liver, 378, 389 , 400 
Dippel animal, 620 
Ethyl mustard, 361 
Fish, 389 
for gas. 82 

Oeiatinised vabeline, 80 
Gingclly, 404 
Grape seed, 405 
Hempseed, 378 
Linseed, 378, 399 
3Iaize, 378, 403 
Methyl mustard, 361 
Oieo, 384 

Olive, 373, 378, 395 
Palm, 378, 401 

Palm-nut (Palm -kernel), 378, 401, 402 
ParafiSn, 66, 81, 82 
Poppy -seed, 378, 400 
Propyl mustard, 361 
Resin, 78 , 596 
Sanse, 397 
Sesame, 378, 404 
Soja-bean, 378, 404 
Solar, 63, 82 
Sperm, 389 
StiHingia, 403 
Sulphocarbon, 396 
Teel, 404 
Tomato -seed, 405 
Turkey-red, 327 , 395 
Turpentine, 593, 596, 597 
Walnut, 400 
Washed olive, 396 
Whale, 378, 389 
Wool, 390 
Oil-cake, 391, 405 
Oil-gas, 57 

Oils, Animal, 378, 379 
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Oils, Bleaching of, 395 
Blown, 375 
Creosote, 531 
Beodorisation of, 395 
Drying, 374 
Engine, 78 
for gas, 82 
Flash-point of, 79 
Heavy, 66 

Mineral lubricating, 63, 74 
Mustard, 361 
Oxidised, 375 
Refining of, 394 
Spindle, 78 
Thickened, 400 
Vegetable, 378, 390 
Viscosity of, 72, 79 
Olease, 395 
Olefines, 28, 87 

Constitution of, 89 
Nomenclature of, 87 
Preparation of, 88 
Table of, 87 
Oleine, 298, 407 
Catalytic, 419 

Distilled, 408, 419 * 

Saponification, 419 
Transformation into stoarino, 409 
Wool, 390 
Oleomargarine, 382 
Olive, Composition of, 391 
oil, 395 
Opium, 632 

Estimation of morphine in, 032 
Opsonins, 115 
Optical activity, 19 , 61 
antipodes, 22 
Orange, Alizarin, 675 
Croceine, 656 
G, 656 

Indanthrene golden, 065 
II, 656 
IV, 656 
Orceine, 544 
Orcinol, 544 

Organo -metallic compounds, 203 
Origanum hirtum, 543 
Ornithine, 328, 356 
Orthobromo benzyl bromide, 616 
Ortho -diamines, 557 
Ortho -ethers, 268 
Orthoform, 99, 629 
Osamines, 427 
Osazones, 427, 435, 661 
Osmophores, 595 
Osones, 436 
Osotriazole, 623 
Ossein, 739 
Oxalates, 307' 

Oxamide, 353 
examines, 661 
Oxidation, Enzymic, 112 
Oxidation chamber, 731 
Oximes, Aromatic, 572 
Oximide, 353 
Oxindole, 638 

Synthesis of, 642 
Oxy-acetylene blowpipe, 93 
Oxyeellulose, 505, 506 
Oxydases, 112 
Oxygenases, 112 
Oxyhsemoglobin, 738 
Oxynarcotine, 632 
Ozoform, 208 


Ozokerite, 30, 80, 85 
Ozwnides, 299 

Palm fruit, 391 
oil, 401 
Palmer, 725 
Palm-kernel, 391 
oil, 378, 401, 402 
Pdlmitates, 290 
Palmitin, 290 
Panclastite, 245 
Papaver somniferum, 632 
Papaveramine, 633 
Papaverine, 632 
Paper, 506 

Bisulphite process, 512 
Boiling, 508 
Colouring, 515 
Electric process, 513 
Loading, 515 
Microscopical testing, 516 
ParafSned, 506 
Parchment, 506 
Sizing, 514 
Statistics, 517 
Testing, 516 
Vulcanised, 506 
Para-anthracene, 615 
Paracasein, 737 
Paracyanogen, 359 
Paradiamines, 557 
Paraffin wax, 80 
Analysis, 86 
Estimation, 86 
Statistics, 85 
Paraffins, 28, 30 
Paraformaldehyde, 207 
Paraglobulin, 114 
Paraldehyde, 206 
Paraleueanilme, 607 
Pararosaniline, 607 
Parchment, Artificial, 506 
Parthenogenesis, Artificial, 115 
Partial pressures, 5 
Pasteur flasks, 124 
Pasteurisation, 156, 177 
Pastinaca sativa, 108 
Patent blue, 660 
Penicillium glaucum, 22 
Pentachloroanisole, 543 
Pentaeosane, 31 
Pentadecane, 31 
Pentaerythritol, 189 
Pentaethylbenzene, 527 
Pentahydroxycyclohexane, 546 
Pentahydroxypentane, 189 
Pentaline, 102 
Pentamethylbenzene, 527 
Pentamethylene, 521 
Pentamethylenediamine, 214 
Pentamethylpararosaniline, 608 
Pentanediine, 90 
Pentanes, 35 
Pentanol, 181 
Pentaphenylethane, 609 
Pentatricontane, 31 
Pentenes, 90 
Pentitols, 427 
Pentosans, 430 

Estimation of, 430 
Pentoses, 429 

Estimation of, 430 
Pentosuria, 431 
Peptase, 112 
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Peptones, 734, 737 
Perfumes, 593 
Pergamin, 506 
Peroxydases, 112 
Peroxyo 2 x>nides, 296 
Perseo, 668 
Petrinage, 243 
Petrolene, 83 
Petroleum, 58 

American, 70 
Composition of, 62 
Crnde, 62 

Dcsnlphnrising of, 69 
Distillation of, 66, 67 
ether, 66 
Extraction of, 64 
Plash -point of, 73 
fountains, 64 
History, 58 

inTimmating power of, 72, 73 
Itah'an, 64 

Optical activity of, 61 
Origin of, 59 
Pipe -lines for, 65 
Properties of, 62 
Purification of, 68 
Refining of, 66 
residues, 74 
Russian, 63, 76 
Specific gravity of, 62 
Statistics of, 70 
tanks, 69 

Tests for lighting, 72 
Uses of, 70 
Viscosity of, 72 
Petroiine, 66 
Phaaophytin, 670 
Pharaoh’s serpents, 361 
Phellandrene, 596 
Phenacetin, 564 
Phenanthraquinone, 619 
Phenanthrene, 88, 618 
Phenazine, 647, 6^ 

Phenetidines, 564 
Phenetole, 542, 564 
Phenol, 541 

Acid derivatives of, 542 
Homologues of, 543 
Pure synthetic, 541 
Testing of, 541 
Phenolphthalein, 581, 660 
Phenols, 530, 6^ 

Dihydric, 543 
Monohydric, 539 
Polyhydric, 546 
Table of, 540 
Trihydric, 545 
Phenoxazine, 647 
Phenoxides, 539, 541 
Phenyl disulphide, 564 
hydrosulphide, 564 
salicylate, 582 
sulphide, 564 
Phenylacetanilide, 560 
Phenylacetylene, 535 
Phenylamine, 557 
Phenylanthracene, 616 
Phenyianthranol, 616 
Phenylbenzamide, 560 
Phenylchloracetamide, 560 
Phenyidiazonium chloride, 567, 668 
hydroxide, 568 
nitrate, 567, 668 
Phenyldinitrotolmdine, 553 


INDEX 

Phenylenediamines, 550, 561 
Phenylglycerol, 570 
Phenylglycocoll, 560 
Phenylglyoxal, 574 
Phenyihydrazme, 570 
hydrochloride, 569 
Phenylhydroxjdamine, 565, 566, 570 
as. Phenylmethylhydrazine, 570 
Phenylnitromethane, 553, 567 
Phenylsuccinimide, 354 
Phlegm, 133 
Phlobaphenes, 587 
Phloretin, 741 
Phloridzin, 741 
Phloroglucinol, 545 
Phosgene, 98, 99, 363 
Phosphine, 663 
Phosphines, 202 
Phosphorus, Detection of, 7 
Estimation of, 12 
Photogen, 82 

Photographic developers, 564 
Photometer, Bunsen’s, 56 

Lummer and Brodhun’s, 57 
Phthaleins, 581, 608 
Phthalide, 580 
Phthandeine, 616 
Phthalidine, 616 
Phthalimide, 581, 643 
Phthalophenone, 580, 608 
Phthalyl chloride, 580 
Physostigmine, 628 
Phytochlorin, 670 
Phytoglobulins, 736 
Phytol, 670 
Phytorodin, 670 
Phytosterol, 742 
Piazthiol, 670 
Picene, 619 
Picoline, 209, 625 
a-Picolylalkine, 625 
Picramide, 562 
Picrotoxin, 628 
Pierrite, 255 
Pigments, 655 
PimpineUa anisum, 543 
Pinacoline, 183 
Pinacones, 182 
Pinane, 596 
Pinene, £96 

hydrochloride, 597 
Pinitol, 546 
Pink salt, 693 
Pinnoglobin, 114 
Pipecoline, 626 
Pipera 2 dLne, 214 
Piperidine, 90, 626 
Piperidines, 626 
Piperine, 626 
Piperonal, 574 
Pitch, 83, 532 
Coal, 83 
Mineral, 83 
Stearine, 508 
Pittacal, 660 
Plasmon, 386, 737 
Plastering of wines, 156, 157 
Plastrotyl, 553 
Platinichlorides, 13 
Pluszucker, 442 
Pols rime ters, 27, 483 
Polarimetry, 484 
Polarisation of light, 26 
Polyazo -compounds, 656 
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Polyglycerides, 184 
Polymerism, 14 
Polymetliylenes, 520 
Polymorphism, 24 
Polynitrobenzenes, 549 
Polypeptides, 734 
Polysaccharides, 426 
Ponceau, 656 

Poppy, Composition of, 391 
Popnlin, 741 

Potatoes, Dry matter in, 490 
Starch-content of, 117, 490 
Precipitins, 115 
Prehnidine, 555 
Prehnitene, 527 
Pressed yeast, 125 
Primnline, 564, 663 
Printing of fibres, 707 
textiles, 707, 730 
yarns, 707 
Proline, 739 
Propaldehyde, 209 
Propane, 35 
Propanol, 180 
Propanone, 211 
Propantriol, 183 
Propargyl aldehyde, 210 
Propene, 89 
Propenol, 182 
Propine, 90 
Propinol, 182 
Propionyl chloride, 319 
Propyl iodide, 95 
Propylacetylene, 90 
Propylbenzene, 627, 535 
Propylcarbinol, 180 
Propylene, 89 
a-Propylpiperidine, 625 
Propylpsendonitrole, 198 
Protamines, 737 
Proteins, 733 

Coagulable, 737 
Conjugated, 737 
Hydrolysis of, 734 
Modified, 737 
Natural, 735 
Salts of, 737 
Various, 740 
Proteolytic action. 111 
Protocatechuic aldehyde, 573 
Protococcus Yulgaris, 189 
Protopine, 632 
Protoplasm, 110, 114 
Pseudo -acids, 553, 667 
Pseudocumene, 627, 535 
Pseudocumidine, 655 
Pseudoindoxyl, 638 
Pseudoisatin, 638 
Pseudoisomerism, 17, 330 
Pseudomorphine, 632 
Pseudo -tanning, 587 
Ptomaines, 214 
Ptyalin, 112 
Ptdegone, 601 

Pulp, Chemical wood, 607, 511 
Mechanical wood, 507, 509 
Purgatol, 591 

Purification by physical methods, 2 

Purine, 367 

Purple, Antique, 664 

Purpurin, 616 

Purpuroxanthin, 616 

Putrescine, 214 

Pyranthrene, 665 


Pyrazine, 626 
Pyrazole, 622 
Pyrazoline, 622 
Pyrazolone, 622 
Pyrene, 619 
Pyridines, 623, 625 
Pyridones, 625 
I^idylpyrroles, 630 
Pyrimidine, 626 
Pyrocatechol, 543 
Pyrocoll, 622 
Pyrocomane, 626 
Pyrogallol, 545 
Pyrolignite of iron, 285 
Pyrone, 626 
Pyronine, G60 
Pyropissite, 81 
Pyroxyline, 232, 504 
Pyrrole, 620 

Hydrogenated derivatives of, 622 
Pyrrolidine, 354, 622 
Pyrrolilene, 90 
Pyrroline, 622 
Pyrrothiazole, 623 
Pyruvic aldehyde, 334 

Quebrachitol, 546 
Quercetin, 638, 668 
Quercitol, 546 
Quercitrin, 638, 668 
Quercitron, 668 
Quercus nigra, 668 
tmctoria, 668 
Quinaidine, 637 
Quinhydrone, 547 
Quinidine, 634 
Quinine, 628, 633 
hisulphate, 634 
hydrochloride, 634 
Statistics of, o35 
sulphate, 634 
Quinitol, 592 
Quinizarin, 616 
Quinol, 544 
Quinoline, 635, 647 
Quinonediimides, 547 
Quinonedioxime, 547 
Quinoneimides, 547 
Quinonemonoxime, 547 
Quinones, 546 
Quinoxaline, 557, 662 

Racemisatiok, 22 
Radicals, Theory of, 14 
Raffinose, 442 
Rags, 507 

Rancidity of fats and oils, 374 
Rapeseed, Composition of, 391 
Rasp for beet, 447 
potatoes, 492 

Ravison seed. Composition of, 391 
Reaction, Adamkiewicz’s, 737 
Amphoteric, 385 
Baeyer’s, 88 
Baudouin’s, 384 
Becchi’s, 397 
Belliez’s, 397 
Biuret, 734 

Blank and Pinkenbeiner’s^ 207 
Bohn-Schmidt, 617 
D^nig^s’, 346 
Grignard’s, 32, 203 
Halphen’s, 381, 396 
Kamarowsky’s, 144 
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Rea tioii,lv6mer and ^lenozziV, S14, 3.14: 
Lieben’s, 101, 107, 109 
LiebeTmaiin’s, 539, 559 
Melscn’s, 279 
Perkin’s, 291, 576 
Rimini's, 109, 144 
Romijn's, 427 

Sabatier and Senderens', 34, 59, 103 
Sandmever’s, 568, 575 
ScMff’s,‘206 

Scttdder and Riggs’, 107 
Thcimgajew’s, 742 
Uffelmann’s, 323 
Varrentrapp’s, 290 
Wallaeh’s, 297 

Xanthoprotein, 734 ^ 

Reactions of aromatic o-ddivdroxT-f*^llS^Iinds 
544 ‘ 

of pyrroles, 621 
Reversible,. 115 
enzymic, 113 
Reagent, Barfoecr^^, 434 
Deniges’, 346 
Erdmann’s, 627 
Eebling’s, 486 
Erohde’s, 627 
Lrfon’s, 627 
Lowe’s, 704 
Mandelin’s, 627 
5Iarquis’s, 627 
MiUon s, 704 
Molisck’s, 704 
Scbardinger’s, 112 
Schiff’s, 144 
Sebw’eitzer’s, 503 
Soldaini’s, 487 
Twitchell’s, 410 
Rectification, 3, 133 
of alcohol, 138 
Rectifier, Hempel, 3 
Perrier, 137 
Savalle, 135 
Red, Algol, 665 
Ciba, 664 
Congo, 657, 672 
Biamine, 679 
Indanthrene, 665 
Janos, 679 

p-Nitraniline, 679, 680 
Pyrrole, 621 
Quinoline, 663 
TMazine, 679 
TMoindigo, 664 
Turkey, 327, 719 
Reductases, 112 
Refraction constant, 26 
Refractometer, 72 
Zeiss, 375 

Refrigerator for wort, 171 
HentseheFs, 120 
Rennet, 112, 115 ^ 

Residues, Aromatic, 536 
Aryl, 536 

Resins, Artificial, 597 
Resit, 541 
Resorcinol, 544 
Be^orufin, 647, 661 
Betene, 619 
Rhamnose, 431 
RMgolene, 35 

Rbizoponis oligosporus, 131 
Rhodamine, 676 
Rhodamines, 660 
Rhodinol, 297 


Ribose, 431 
Rice, 162, 498 

Composition of, 490 
Production of, 498 
htaroh, 498 
Ricm, 115 

Rieiims seeds, Composition of, 391 
Robin, 115 

Robinia pseudacacia, 115 
Roburite, 246, 247 
Roccella tinctoria, 667 
Rochelle salt, 336 
Rodinal, 564 
Rope, 689 
Rosamine, 660 
Rosaniline, 608, 647, 649 
Rosanthrene, 679 
Rose, Biamine, 679 
Rosin, 596 

Gallipot, 596 
Rubber, 598 

^ Chemical constitution of, 598 
4" substitutes, 599 
‘^'^R^imthrene, 665 
im, 616 
16 


I'^Rus: 

«a^hae: 
^ Sae^rint 



27, 483 


- filing, 129 

cchfflWinyce^i^visiae, 111, 112, 114, 121, 

^^aromycetet<hif^ 


, Ssreflfe^one, 344 
" Saccjj^^e, 440 \ 

Sacch^giSi of&cinaruih^43 
Safxanmes, 661 
Salicin, 437, 574, 582, 741 
Salicylaldehyde, 574 
Saligenin, 437, 574, 582 
Salin, 155 
Salmon, 737 
Salol, 582 
Salt, Kalle’s, 643 
of sorrel, 307 
Rochelle, 336 
Salvarsan, 564 
Sanguemelassa, 140 
Sanse. 396 
Santalin, 669 
Santaline, 633 
Santonin, 741 
Saponification, 104 
Saponin, 115, 741 
Sarcosine, 323, 355, 366 
Sawdust, Utilisation of, 274 
Scarlet, Biebrich’s, 666, 657 
Ciba, 664 ^ 

Cochineal, 657 
Indanthrene, 665 
Palatine, 657 
Thioindigo, 664 
Scheelisation, 185 
Schists, Bituminous, 83, 84 
ScMzomycetes, 110 
Schizosaccharomyces Pomb4, 171 
Scrubbers, 44 
Sealing-wax, 597 
Artificial, 541 
Securite, 247 

Seeds, Composition of oily, 391 
Semicarbazide, 206, 364 
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Semicarbazones, 206, 364 
Separators, Centrifugal, 395 
Naphthalene, 44 
Spray, 462 
Tar, 43 

Sericin, 690, 692, 740 
Sericoin, 740 
Series, Aliphatic, 28 
Ethylene, 87 
Eatty, 28 
Homologous, 23 
Isologous, 23 
Paraffin, 30 
Serine, 355 

Sero -therapy, 115, 629 

Serum, Physiological, 115 

Serum-albumin, 114, 735 

Serum-globulin, 736 

Serum-lipase, 374 

Sesame seeds. Composition of, 391 

Sesamin, 404 

Sesamol, 404 

Shale, 84 

Shalonka, 65 

Shoddy, 682 

Silk, 690 

Artificial, 698 
Composition of, 692 
Crackle (Scroop) of, 693 
Dyeing of, 692 
Sea, 698 

Statistics of, 695 
artificial, 703 
Tussah, 691, 696 
Waste, 692 

Weighting of, 693, 694 
Wild, 691, 696 
Silk finish, 726 
Silkworm culture, 690 
Smapine, 632 
Sinigrin, 741 
Sitosterol, 404 
Skatole, 638 
Soap, 298, 4X5 

Analysis of, 425 
barring machine, 423 
boiling, 418 
Eschweg, 422 
Einishing of, 417 
Marseilles, 419 
Mottled, 421 
Oleine, 419 
Resin, 420 
Seasoning of, 424 
Soft, 422 
Statistics of, 424 
Transparent, 422 
Sodio cellulose, 506 
Sodium acetonebisulphite,' 210 
Solanine, 115 

Solubility of organic compounds, 24 
Solvents, Non-inflammable, 101 
Sorbitol, 190, 433 
Sorbose bacterium, 190 
Sorrel, Salt of, 307 
Sparteine, 632 
Specific refraction, 26 
rotation, 27 
Spent wash, 132, 133 
Spermaceti, 389 
Sphserobacteria, 110 
Spirilla, 110 
Spirobacteria, 110 
Spirit, Crude wood, 107 


Spirit, Denatured, 145, 149, 162 
of sweet wine, 97 
of wine, 108 
Purification of, 144 
Wood, 106 

Spirit us setheris nitrosi, 97 
Spitzenzucker, 442 
Spongin, 740 
Spores, 111 
Stachyose, 190 
Staphylococcus, 110, 127 
Standard scrubber, 45 
Standol, 400 
Starch, 116, 489 

Adhesive power of, 500 
Analysis of, 500 
Animal, 503 
Bleaching of, 496 
Estimation of, 118 
Green, 495 
- gum, 501 
Maize, 500 
Microscopy of, 491 
Rice, 498 

Saccharification of, 119 
Soluble, 500 
Statistics of, 500 
Steam, Superheated, 4, 67 
Stearine, 290, 407 
Distillation, 408 
Wool, 390 
Stearolactone, 409 
Stenoiytes, 608 
Stereoisomerism, 18 
of nitrogen, 32, 210 
Stibines, 203 
Stilbene, 609 
Stillingia sebifera, 403 
Stovaine, 629, 633 
Streptococci, 110 
String, 689 
Strychnine, 633 
Sturin, 737 
Styracin, 571 
Styrene, 535 
Suberone, 521 
Sublimation, 2 
Succinamide, 353 
Succinanil, 354 
Succinates, 306, 311 
Succindialdehyde, 620 
Suecindialdoxime, 621 
Succinimide, 306, 36S, 367 
Sucrase, 112, 441 
Sucrates, 441 
Sucrose. 440 
Sugar, Acorn, 54G 
Beet, 442, 445 
Cane, 440, 443 
Eruit, 435 
Grape, 433 
Invert, 433, 485 
Maple, 443 
Milk, 438 
Muscle, 546 
of lead, 286 
Starch, 433 
Wood, 431 

Sugar (sucrose), Alkalinity, 488 
Ash, 488 
Beet-pulp, 463 
boiling, 466 

Centrifugation of massecuite, 468 
Chemical determination, 447, 486 
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Sugar, Clearing (covering), 4ti9 
Colouring, 435 
Concentration. 461 
Crushed, 472 
Defecation, 467 
Diffusion process, 450 
Estimation, 481 
Fiscal regulations, 477 
from molasses, 473 
History, 448 
Output, 478 
Pile, 472 
Powdeied, 473 
Prices, 480 

Quotient of purity, 487 
Ketining, 470 
Rendement, 470 
8acchariiuetry, 483 
8peeifie gravity and degrees Brix, 482 
Statistics of production, 477 
Steffen process, 450 
Sugars, Analysis of mixed, 487 
Sulphamides. 538 
Sulphobenzide, 538 
Sulphocyanine, 676 
Sulpliohj^dantom, 365 
Sulphonal, 99, 196), 210 
Sulphones, 195 
Sulphonium compounds, 195 
Bulphoricinate, 327 
Analysis of, 327 
Sulphur, Detection of, 7 
Estimation of, 12 
Sumac, 584 

Superheated steam, 4. 67 
Syivestrene, 596 
Syntheses, Asymmetric, 114 
Sjna-diazobenzene hydroxide, 568 
Syn-diazo-compounds, 566 
Syntonins, 733, 737 

Talitol, 190 
Tallow, 380 

Chinese, 403 
tree, 403 
Vegetable, 403 
Tamping, 221 
Tanks, Slacdonald, 61 
Weiss, 61 
Tannin, 5^ 

Tanning of hides, 586 
substances, 585 
Theory of, 586 

Tar, Asphalte, 83 > 

Benzene from, 531 
Cbal, 83 

Distillation of, 76, 82, 83 
Lignite, 81 
Mineral, 59 
oils, 530 
Statistics of, 83 
Statistics of lignite, 85 
Wood, 83, 106 
Tartar, 143, 337 
Analysis of, 337 
Cantori^s process, 340 
CVeam of, 336 
emetic, 336 

Croldenberg’s process, 338 
industry, 337 
Statistics of, 340 
Tarulli^s method, 338 
Tartrates, 336 
Tartrazine, 345 


Tartrazins, 659 
Taurine, 214, 356 
Tautomerism, 17, 330, 648 
Tea, 369 

Tension theory of valency, 88 
Tentering frame, 724 
Terebenthene, 596 
Terpadienes, 593 
Terpane, 593, 600 
Terpanol, 600 
Terpanone, 600 
Terpenes, 593 
Complex, 596 
Homologous, 598 
Terpenol, 601 
Terpin, 601 

hydrate, 601 
Terpmene, 596 
Terpmeol, 601 
Terpinolene, 596 
Test, G^itePs, 379 

Liebermann-Storch-Morawski, 379 
Benard’s, 404 
Biche-Halphen, 72 
Teichmann, 738 
Uhlenhuth, 738 
Tetanolysin, 115 
Tetrabromofluoreseein, 581 
Tetrabromoindirubin, 664 
Tetrachloroanisole, 543 
Tetrachloroethane, 102 
Tetrachloromethane, 101 
Tetracosane, 31 
Tetradecane, 31 
Tetrahydronaphthylamine, 614 
Tetrahydropyridines, 626 
Tetrahydropyrrole, 622 
Tetrahydrotjuinoline, 637 
Tetrahydroxyanthraq^uinones, 616 
Tetrahydroxybenzene, 546 
Tetrahydroxyflavonol, 668 
Tetrahydroxyrufenol, 666 
Tetraline, 102 

Tetralkylphosphonium hydroxide, 202 
Tetramethylarsonium compounds, 202 
Tetramethyibenzenes, 535 
Tetramethyldiaminotriphenylcarbinol, 607 
^Tetramethyldiaminotriphenylmethane, 607 
Tetramethylene, 521 
Tetramethylenediamine, 214 
Tetramethylmethane, 35 
Tetramines, Aromatic, 556 
Tetranitrodiglycerine, 184 , 223 
Tetranitromethane, 198 
Tetrazo -compounds, 565 
Tetrazole, 623 
Tetroses, 429, 489 
Textile fibres, 681 

Analysis of mixed, 704 
Chemical identification of, 703 
Commercial weight of, 704 
Conditioning of, 704 
Drying of, 723 
Dyeing of, 717 
Dyeing tests on, 705 
Printing of, 730 
Printing tests on, 707 
Tenacity of, 701 
Textiles, Dressing of, 724 
Dyeing of, 717, 721 
Fixing of, 716 
Mercerisation of, 728 
Thalline, 637 
Thebaine, 632 
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TJieme, 369 
Theo'brotniiie,!^368, 628 
Theophylline, 368 
Theory of dyeing, 708 
explosives, 215 
fractional distillation, 
radicals, 14 
sTihstitntion, 15 
tanning, 586 
transposition, 648 
types, 14 

valency ; Baeyer's tension, 88, 306, 521 
Thermo-oleometer, Tortelli’s, 376 
Thiazimes, 661 
Thiazine, 670 
Thiazole, 623 
Thiazones/^661 
Thioacetamide, 199, 357 
Thioacids, 351 
Thioalcohols, 195 
Thioaldehydes, 206 
Thioamides, 357, 359, 644 
Thioanhydrides, 351 
Thiobenzanilide, 560 
Thiocarbamide, 365 
Thiocarmine, 673j 
Thiodiphenylamine, 647 
Thioethers, 195 
Thioflavin, 663 
Thioindigo, 664 
Thioketones, 210 
Thiols, 195 
Thionine, 647, 661 
Thiophene, 620 
Thiophenol, 538, 664 
Thiophosgene, 364 
Thioserine, 366 
Thiourea, 365J 
Thionrethane, 365 
Thioxene, 620 
Thymenamine, 555 
Thymene, 693 
Thymol, 643 
Thymoq^uinone, 547 
Thyol, 84 
Thyroidin, 629 
Tintarron, 645 
Tobacco, 630 
Tolane, 609 
o*Tolidine, 605 
Toluene, 534 
Toluidines, 560 
Tolylenediamines, 661 
Tolyl phenyl ketones, 607 
Tolylphenylmethane, 606 
Tops, 683. 711, 717 
Tournesol, 668 
Tow, 687 
Tox^bnnoins, 734 
Toxins, 115 

Velocity of reaction of, 116 
Traud’s lead block, 262 
Triacetanilide, 660 
Trialkylphosphine oxide, 202 
Trialkylphosphonium hydroxide, 202 
Triamines, Somatic, 556 
Triaminoazobenzene, 656 
Triaminotriphenyloarbinol, 607 
Triazoformoxime, 360 
Triazole, 623 
Tribromophenol, 543 
Tribromoresorcinol, 644 
Triobloroaoetone, 98 
Triohloromethane, 98 
u 


Trichlorophenol, 543 
Trichloropnrine, 367 
Tricosane, 31 
Tridecane, 31 
Triethylamine, 202 
Triethylenediamine, 214 
Triethylsulphonium hydroxide, 195 
iodide, 195 
Triformin, 373 
Triformol, 207 
Trihydroxybenzenes, 545 
Trihydroxybenzophenone, 606 
Trihydrox^riethylamme, 214 
Tri-iodomethane, 100 
Triketonamines, 210 
Trimethylacetyl chloride, 319 
Trimethylamine, 97, 201 
hyd&oohloride, 97 
Trimethylbenzene, 91 
Trhnethylbenzenes, 535 
Trhnethylcarbinol, 181 
Trhnethylcetylbenzene, 527 
Trhnethylene, 87, 520 
Trimethylmethane, 35 
Trimethylphenylammonium hydroxide, 556 
Trimethylpyridines, 625 
Trimethylsnlphoninni iodide, 196 
Trinitrobenzene, 550 
Trinitroceilnlose, 232 
Trinitroglycerine, 215, 223 
Trinitrohemellithene, 548 
Trinitromesitylene, 548 
Trinitrophenol, 246, 562, 655 
Trinitropsendocnmene, 548 
Trinitrotert.butyltoluene, 548 
Trinitrotert.bntylxylene, 553 
Trinitrotoluenes, 551, 552 
Trinitroxylenes, 648 
Triolein, 298, 372 
Trional, 99, 629 
Trioses, 442 
Trioxymethylene, 207 
Tripalmitin, 372 
Triphenylamine, 660 
Triphenylmethane, 571, 607 
Triphenylmethyl, €08 
Tristearin, 185, 372 
Trithioketones, 210 
Tritopine, 632 
Tropacocaine, 629 
Tropseolins, 665, 666 
Tropanol, 632 
Tropene, 632 
Tropidine, 632 
Tropine, 631 
Tropinone, 632 
Tropon, 386, 737 
Tryptase, 112, 734 
Tumelina, 140 
Turmeric, 645 
Turpentine, 696 
Tussah silk, 691, 696 
Tyndall phenomenon, 01 
Types, Multiple, 15 

Theory of, 14 
Tyrosinase, 112 

Umbellifbroi^b, 584 
Undeoane, 31 
Uramil, 368 
Urea, 1, 363 

Alkyl-derivatives of, 364 

nitrate, 364 

Nitro-derivative of, 364 
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Urea&e, 115 
Ureides, S64, 306 
Uretiiane, 363 
Uroacids, 366 
Urotropine, 157 

VALEFcr, Partial, 523 
Tension theory of, 88 
Valeraldehyde, 209 
Vanilla, 674 
Vaniilin, 574 

Vaporinieier, G^issler, 147 
Vamisli, 374, 400 
Cold, 400 

]Litiiograplier&% 400 
\"aseline, 80 

Velocity of esterification, 22 
iiiTersion, 441 
Veratrine, 628, 632 
Verdigris, 287 
Vermouth, 159 
Veronal, 99, 629 
Vesuvine, 666 
Vigorite, 248 
Vinasse, 133, 167 
Vinegar, 280 

Adulteration of, 284 
Analysis of, 284 
Artificial, 284 
German process, 282 
Luxemburg process, 282 
Blait, 284 

Michaelis process, 282 
mite, 281 
Wine, 284 
worms, 281 
Vlolamine, 674 
Violanthrene, 666 
Violet, Acid, 674 
Alkali, 674 
Chrome, 660 
Ciba, G64 
Formyl, 660 
Indanthrene, 665 
Lauth’s, 661 
Methyl, 608, 660 
Victoria, 674 
Viscosimeter, Engler’s, 79 
Viteliin, 737 
Vulcanised paper, 506 

WA.aoK-S!imL, 66 
Wax, Alga, 60 
Chinese, 181 
Japanese vegetable, 290 
Mineral, 81, 85 
Montan, 81 
Waxes, 376 

Hydrolysis of, 377 
Westphalite, 246 
Wetterdinamit, 231, 247 
Wheat, 162 

Composition of, 490 
Wine, 155 

Alcohol-free, 150 
Analysis of, 157 
Statistics of, 167 

Woad, 639 
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Preservation of, 532 
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Wood-pulp, Chemical, 507, 511 
Mechanical, 507, 509 
Wool, 681 

Bleaching of, 712 
Carbonisation of, 682 
Carded, 681 

Chemical properties of, 683 
Combing, 681 
Dyeing of, 7>7 
from <Sfierent sheep, 681 
Statistics of, 682 

368, 369 

Xanthogenamide, 365 
Xanthone, 606, 663 
Xeroform, 101 
Xylans, 429 
Xylenes, 527, 534 
Xylidines, 561 
Xylitol, 189, 428 
Xyloidm,1232^ 

Xyloquinone, 547 
Xylose, 429, 431 


Ybast, 116, 121, 125, 171, 172 
Acclimatised, 127 
Frohberg, sl71 
Logos, 171 
Pressed, 125 
Saaz, 171 
Wild, 171 

YeUow, Acid, 656 
Acridine, 663 

Alizarin, 606, 657, 663, 672 
Anthracene, 663 
Carbazole, 672 
Ciba, 664 
Gibanone, 665 
Cuba, 668 
Diamine, 678 
Diamond, 657, 673 
Fast, 656 
Helindone, 665 
Indanthrene, 665 
Indian, 656, 663, 668 
Indigo, 664 
Metanil, 672 
Milling, 675 
Naphthol, 655 
Quinoline, 637, 663 
Sulphur extra, 678 
TMazole, 678 
Victoria, 655 

ZiKC alkyls, 32, 203 
lactate, 325 

Zymase, 111, 115, 116, 123 

Zymogen, 172 
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